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David   Hall.     T  2,    0-6,   1-3,   W-1650.      Vol 

XVII,  p.  12,  Jan.,  '20. 


GENERATION 

(AND  ALL  PARTS  OF  ROTATING  MACHINES) 

Effect  of  Voltage  Variations  on  the  Char- 
acteristics of  Direct -Current  Motors — M.  S. 
Uan.ock.  Tl.  C  2,  \V-2675.  Vol.  XVII, 
p.   572,    D.T.,    '20. 

(E)    Clms.    R.    RikiT.      \V-450,    p.    539. 

Ratio  of  Shunt  to  Series  Ampere  Turns — 
QBj    1724. 

Reversal  of  Voltage — QB,1722. 

Reversal   of  Polarity — QB     1748,    1758. 

Parallel  Operation— QB,   1761,   1782,   1855. 

Shifting  Brushes  with  Load^QB,    1778. 


Reversal  of  Exciter  Voltage — QB,  1712, 
1727,    1746. 

Parallel  Operation  of  Compound  Exciters 
— QB,    1731. 

Rotary  Converter  as  Exciter — QB.   1850. 

Compound  Versus  Shunt  Exciters — QB. 
1905. 

SERIES 

Preventing  the  Breakage  of  Armatnre 
Leads  on  Railway  Motors — A.  L.  Uroomall. 
11,    \V    24S(),      Vol.    XVI,    p.   440.    Oct.,    '19. 

Armature  Trouble  Resulting  from  Broken 
Motor  Leads — UoD,  XVII,  p    81;  231. 

Overloads  in  Railway  Motors — F.  W.  Mc- 
Closkov.  \V- 20011.  Vol.  XVI.  p.  457.  Oct., 
'19. 

Effect  of  Short- Time  Overloads  on  Rail- 
way Motor  Armatures — .7.  K.  Stotz.  C-2, 
Wl.l'l",       V.il,    XVII,    p.    473,    Oct.,    '20. 

R.Tllway    Motor   Testing — ROD.    XVI,    40. 

Testing  Assembled  Railway  Motors — ROD, 
XVI,  \r,'<. 

Blasting  Battery — QB,    1707. 
COMMUTATING  POLE 

Testing  Polarity — QB,   1740. 

Alternating  Current 

ALTERNATORS 

Ventilation  and  Temperature  Problems  In 
Large  Turbogenerators — B.  G.  Lanimc.  I- 
17,  \V-7300.  Vol.  XVII,  p.  312,  July;  p. 
345,    Aug.,    '20. 

A  Record  of  Large  Turbogenerator  Arma- 
ture Breakdowns — F.  D,  Newbury.  W-1100. 
Vol.   XVII,   p.    353.   Aug.,    '20. 

Embedded  Temperature  Detectors  In  Large 
Generators — F.  D.  Newlmry  and  C.  J.  Fcch- 
hoimcr.  T-4,  I- 11,  W-5800.  Vol.  XVII, 
p.  410.  Sept.,   '20. 

(E)    II.   A.   Bohrmil.      \V-600,   p.   362. 

Eddy  Current  Losses  and  Temperatures  of 
Stator  Coils  In  Alternating -Current  Genera- 
tors—S,  L.  HiTuliTMon.  C-7,  1-7,  W-24i;0. 
Vol.   XVII,    p,   4  18,    Sept..    '20. 

Use  of  Mica  Insulation  for  Alternating- 
Current  Generators — H.  D.  Stephens  1-7, 
\V-226(I,      Vol.    XVI,    p.   91.    Mar.,    '19. 

Temperature  Indicators  for  Alternators — • 
S.  I..  Hemlerson.  0-2,  D  ■  5,  14,  \V-23U0. 
Vol.  XVI,  p.   193,  May,   '19. 

Grounded  Neutral  on  Alternating -Current 
Generators— a.  L.  Henderson.  DIO,  W- 
2400.      Vol     XVI,   p.    340,   Aug..    '19. 

Steam  for  Extinguishing  Fires  in  Turbo - 
Generators— ,1.  J.  Dougherty.  1-2,  W-950, 
Vol,   XVII,   p.   202,   May,    '20. 

Changing  3  Ph.  to  1  Ph. — QB  1691. 

Amount  of  Ventilation — QB,   1717. 

Magnetic  Center — QB.   1733. 

Efficiency  of  Water  Wheel  Generator — QB, 
174,1. 

Terminal  Insulation — QB,   1767. 

Wave  Form — QB.    1789. 

Reactance  CoUs  to  Protect  Coupling — QB, 
1822. 

Compensator  for  Revolving  Armature  Al- 
ternator— (^B.    1,-2H 

InsiU.ition  of  Field  CoUs — QB,    1880. 

Unb-alancod  Load — QB.   1890, 

Air-Gaps — QB.    I'.ni.l. 

Rotor  Design  of  Vertical  Alternator — QB, 
1908. 

Oiling  System  of  Vertical  Units— QB, 
1914. 

Efficiency  of  Water  Wheel  Alternator — QB. 
1918. 

Parallrl  Otitraliori 

Parallel  Operation  of  Gas  Engine  Driven 
Generators — A.  \V.  Copley,  Tl,  1-4,  W- 
1220,       Vol.   XVII.   p.   385.    Sept.,    '20. 

Phasing  Out — QB,   1699. 

Effect  of  Excitation — QB.    1706. 

Division  of  Load — QB,    1770. 

Synchronizing — QB,    1850. 

Parallel  Operation  of  Shaft-Driven  Al- 
ternators— QB,    1860. 

SYNCHRONOUS   MOTORS 

The  Relation  of  Flywheel  Effect  to  Hunt- 
ing In  Synchronous  Motors — Q.Graham.  0-1, 
\V-2300.     Vol.  XVII.  p.    18.  Jan.,    '20. 


ParaUel  Operation — QB,   1701. 

Starting  Trouble — QB,    1750. 

Pull    Out   Torque — QB,    1756. 

Condenser  Operation— QB,   1793. 

Starting— QB,   1794. 

Self  Starting — QB,    I8(i.",. 

Self   Starting  Induction  Type — QB.    1847. 

Starting  with  Alternators — QB,    1»51. 

For    Power-Factor    Correction — QB,    1859. 

240   and   120   Volt  Excitation — QB,    1887. 

INDUCTION  MOTORS 

The  Design  of  Large  Induction  Motors  for 
Steel  MiU  Work — 11,  L,  Bariiholdt.  0-1, 
1-8,    \V    2  15(1,       V.il.    XVI.    p.    251,    .June,    '19. 

Interchangeability  of  Squirrel -Cage  Rotors 
— B.  B.  Ramey,  Tl,  \V-1200.  Vol.  XVI. 
p.    481,    Nov..    '19. 

The  Induction -Type  Frequency  Changer — 
Harry  S.  Smith.  1-5,  W-ISUO.  Vol.  XVII, 
p.  342,  Aug.    '20. 

Partially  Closed  Slots — QB,  1804. 

Reversing      Single      Phase     Rotation — EN, 

XVI,  hJ. 

Secondary  Data — QB,   1686. 

Secondary  Changes — QB,  1690. 

Round  vs.   Square  Wires — QB,    1693. 

CoU  Pitch— QU,    ic.'.is. 

Number  of  Rotor  Bars — QB,   1715, 

20  hp.  Rotor  in  a  30  hp.  Stator — QB,  1716. 

Short -Circuited    Wound    Rotor — QB,    1718. 

Delta  vs.  Star  Connection — QB,    1720. 

Repulsion  Winding — QB.    1725. 

Reconnecting   Rotor — (^B.    1729. 

Grounded  Squirrel-Cage — QB.   1757. 

Rotor  Connections — QB.    17(58. 

Changing  10  Pole  to  6  Pole — QB,   1771. 

Changing  2  Ph.  to  3  Ph. — QB.   1774. 

Phase  Splitter — (,^H.    1780. 

Insulation    of    Squirrel- Cage — QB.    1816. 

Single-Phase  Windings — QB,    1826. 

Motor  Diagrams — QB,    1861. 

Multispeed  Motor — QB,    1862. 

Open  Delta  Connection — QB,   1895. 

Different  Windings  in  Same  Size  Motor — 
QB.    18',i>l. 

Design  of  Winding  to  Fit  a  Given  Core — 
QB,    1902, 

Overlapping  of  Phase  Groups — QB,    1911. 

Welded  Laminations — QB,    1913. 

Pole  Pitch — QB.   1931). 

Unequal  Grouping — QB.    1938. 

Changing  to  a  Single- Phase  Generator — 
QB,  11144. 

P.r/ctmunc- 

The  Fifty  Degree  Rise  Method  of  Motor 
Rating — ,7.      M.      Uipple.         \V-2450.         Vol. 

XVII,  ]..  2113,    May,    '20. 

3  Ph.  Motors  on  1  Ph.  Circuits — QB,  1696. 

Magnetic  Noise — QB.    1710. 

30  vs.  60  Cycles — QB,  1719. 

Regenerative  Braking — QB,    1721. 

No -Load  Operation— QB,    1730. 

With  Open  Secondary — QB,    1766,   1830. 

Horse -power  Bating — QB.    1779. 

Single-Phase   Rotor   Current — QB,    1788. 

No-Load   Current — QB,    1813. 

Dynamic  Braking — QB.   1846. 

Effect  of  Secondary  Resistance  on  Pri- 
mary Current — QB,    I  sill. 

Calculating  Starting  Resistance — QB, 
1893. 

Parallel  Operation — QB,   1896. 

Changing  Frequency  of  Line  by  Induction 
Motor — QB,    1923. 

T.sl,nt 

Stroboscoplc  Slip  Determination — M.  M. 
Brios.  Tl,  1-3,  W-1900.  Vol.  XVII,  p. 
165,  Apr.,    '20. 

Reversal  by  Jamming — QB,   1833. 

Low  Torque  Starting  Points — QB.   1835. 

Parallel  Operation — QB.    1839. 

Performance    Calculations — QB,    1763. 

Apparatus   for  Testing — QB.    1820. 

Determining  Faults — QB.    1837. 

Temperature   Exploring   Colls — QB,    1845. 

Locating  Trouble — QB,    1849. 

Location  of  Ground — QB.    1897. 

Insulation    Testing    of    Stator — QB,    1915. 

Ammeter  as  Slip  Indicator — QB,    1939. 

SERIES  MOTORS 

Winding    of   Universal   Motor — QB.    1734. 

Dynamic  Braking  of  a  Single -Phase  Motor 
— QB,   1941. 

FAN  MOTORS 

The  Development  of  Fan  Motor  Windings 
—  E.  \V.  Demnan.  0-1,  U  8,  I-l,  \V-2850. 
Vol.    XVI.    p.   257.   June.    '19. 

D.  0.  on  A.  C. — QB,   1700. 

B.\TTERIE9 

Recharging  Dry  Cells — QB,   1832. 
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ROTARY  COWERTERS 

The  Technical  Story  of  the  Synchronous 
Converter— B.  CJ.  Lamme.  1-3,  W-14iiuO. 
Vol.  XVII,   II.   55,  Feb.:   p.   91,   March,    '20. 

Three -Wire  Distribution  from  Eotary  Con- 
verters— L.  Uorfman.  Methods  of  bringing 
out  neutral.  D-3,  W-1100.  Vol.  XVI,  p. 
500.  Nov.,    '19. 

Fluctuating  Load — QB,    1736. 

Eeversing  Diiection  of  6  Ph.  Converter — 
QB,    1742. 

Performance   Partly   Loaded — QB,    1734. 

Division  of  Current  in  Booster — QB,  1776 

Direction  of  Rotation — QB,   1795. 

Windage — QB,    180(i. 

Power-Factor    Correction — QB,    1811. 

Starting  Conditions — QB,   1812. 

Operation  on  Open  Delta — QB,   1945. 

STORAGE  BATTERIES 

Characteristics  of  Starting  and  Lighting 
Batteries  of  the  Lead  Acid  Type — O.  W.  A. 
'Getting.  With  nfereiic  e  to  low  temperature. 
T-2,  C-14,  I-l,  W -33611.  Vol.  XVI,  p.  134, 
-Apr.,    '19.    . 

<E)    A. -M.   Dudley.      W-610.   p.    112. 
Effect  T)f  Fluctuating    Current — QB,    1801. 
-Effect  <*r  Freezing — QB.   1838. 

TRA\SFOR>IERS 

The  Essentials  of  Transformer  Practice— 
E.   G.  Reed. 

XVIII — Phase  Transformation.  D-9,  W- 
1300.      Vol.  XVI,   p.   31,   Jan.,    '19. 

XIX — Operating  Conditions.  1-1,  ■W-3030. 
Vol.  XVI,   p.  66,  Feb..   '19. 

XX — Three -Phase  to  Two -Phase  Trans- 
formation with  Single -Phase  Transformers 
Scott  Connected.  D  •  7,  W-2000.  Vol. XVI. 
p.  99,  Mar.,   '19. 

XXI — Voltage  Transformations  with  Auto- 
transformers.  T-1.  C-1,  D-6.  W-1870.  Vol. 
XVI,   p.  145,  Apr..   '19. 

XXII — Phase  Transformation  with  Auto- 
transformers.  0-1,  D  -  4,  W-IBOO.  Vol.  XVI, 
p.  216,   May,    '19. 

XXm — Parallel  Operation.  CI,  D-2, 
\V-1500.      Vol.  XVI,  p.  267,   June,    '19. 

XXIV — Polarity.  D-8.  W-1410.  Vol. 
XVI,   p.   301,   July.    '19. 

The  Insulation  of  Distribction  Transform- 
ers— A.  C.  Farmer.  1-15,  W-3000.  Vol. 
XVI,   p.   323,    May,    '19 

Transformers  and  Connections  to  Electric 
Furnaces — J.  F.  P.ters.  C-2.  D-1,  1-4,  W- 
1350.      Vol.    XVI.    ]..    397.    Sept.,    '19. 

Transformer  Equipment  for  the  Chicago, 
Milwaukee  &  St.  Paul  Loccmotives — Walter 
M.  Dann.  1-6,  \V-1350.  Vol.  XVII,  p.  9, 
Jan.,    '20. 

Steel  Clad  Distribution  Transformers — E. 
G.  Reed.  1-22,  W-1900.  Vol.  XVII,  p. 
213,  May,  '20. 


TRANSFORMATION 

For     Testing     Armature     Short- Circuits^ 

QIS,    1705. 

High  Voltage  Transformers  for  Crookes 
Tubes — QIS,   1732. 

Draining  Water  Cooled  Transformer — QB, 
1853. 

Noise  Due  to  Charging  Arresters — QB, 
1888. 

Windings 

Tertiary  Windings  in  Transformers — J.  P. 
Peters.  Their  effect  on  short-circuit  cur- 
rents. T-1,  C-3,  D-5,  \V-2800.  Vol.  XVI, 
p.   477,   Nov.,    '19. 

Changing  Frequency — QB,   1688. 

Connections 

Grounding  Delta — QB,   1692. 

Connections  for  Various  Voltages — QB, 
1689. 

Beverslng  Direction  of  6  Ph.  Converter — 
QB,   1742. 

Star  and  Delta  Voltages — QB,  1747. 

■Dnsjrmmetrical  Delta — QB.   1773. 

Half  Voltage  Taps  on  Delta — QB,   1829. 

Booster — QB,   1783. 

Interconnected   Star — QB,   1817. 

Reversed  Phase  in  Delta — QB,   1875. 

One  Ph.  from  3  Ph.  for  Welding — QB, 
1937. 

3  PH.  TO   2  PH. 

The  Development  of  the  Two -Phase, 
Three-Phase  Transformation — Chas.  P.  Scott. 
D-C.    W-3400.      Vol.    XVI,    p.    28,    Jan.,    '19. 

Phase  Transformation — E.  G.  Reed,  D  9, 
W-1300.      Vol.    XVI,    p.    31,    Jan.,    '19. 

Three-Phase  to  Two -Phase  Transforma- 
tion with  Single -Phase  Transformers  Scott 
Connected— E.  6.  Reed.  D-7,  W-2000.  Vol. 
XVI.   p.  96,   Mar.,    '19. 

Three-Phase  to  Two -Phase  Transforma- 
tion—J.  B.  Gibbs.  T-2,  D-17,  W-2220. 
Vol.  XVI,  p.  103,  Mar.,   '19. 

(E)    Chas.  R.  Riker.     W-570,  p.  83. 

Phase  Transformation  with  Autotrans- 
formers — E.  G.  Reed.  C-1,  D-4,  W-1500. 
Vnl.  XVI,  p.  216,  May,    '19. 

Phase   Transformation — QB,    1741. 

Calculation  of  Currents  with  'Dnsymmetri- 
cal  Loads — QB,   1864. 

Poor  Regulation — QB,    1870. 

OPEN  DELTA 

Motor  Capacity  of  Open  Delta  Connection 

— yli,    I'.inj. 

Open  Delta — QB,    1837. 


Performance 

Changing  Frequency — QB,   1688. 

Phase  Relations — QB,   1753. 

Switching        Loaded        Transformers — QB, 

Effect  of  Harmonics — QB.  1907. 
Changing  Frequency — QB,  1926. 
Charging  Current — QB.  1931. 

Testing 

Safety -First  Testing  of  Small  Transform- 
ers—A. Heckman.  D-2,  1-2,  W-1700.  Vol. 
XVII,   p.   338,   Aug.,    '30. 

(E)    Chas.   R.   Riker.      W-350,   p.   319. 

Testing  Transformer — QB,   1808. 

Instnunent 

The  Choice  of  Instrument  Transformers — 
L.    Dorfman.      W-1050.     Vol.    XVII,    p.    341, 

Aug.,    '20. 

Grounding — QB,   1868. 

SERIES 

(For  Connections,   see  also   ''Meters") 

For   Constant   Current   Tr  t«:i;j-  -Q2,  1TD5. 

Measuring  3  Ph.  Current  with  2  Trans- 
formers— QB,   1698. 

Connections  for  Tirrill  Regulator — QB, 
1818.  << 

Reversed    Power    Relay    Connections — QB, 


1872,  1876. 


Split  Core  Type 

Inverted — QB,  1884. 

Meter  Connections — QB,   1934. 

Auto  transformers 

Voltage  Transformations  with  Autotrans- 
formers — E.  G.  Reed.  T-1,  C-1,  D-6,  W 
1870.      Vol,   XVI,    p.    145,   Apr..    '19. 

Scott  Connection — QB    1703. 

Reactance  Colls 

To  Protect  Turbo -generator  Coupling — 
QB,    1832. 

Current  Limiting  Reactors  Commonly  Pro- 
tect both  Service  and  Equipment — K.C.Ran- 
dall.     Vol    XVII,   p.   248.   June.    '20. 

Rating  of  — QB,  1910. 

ou 

Some   Characteristics   of  Transformer   Oils 

— O.   H.    Eschholz.      T-1.    0-1,   I-l,   W-1800. 
Vol.  XVI,  p.  74,  Feb..  '19. 

CONDENSERS 

Condenser  in  Series  with  Transformer — 
QB,   1810. 


TRANSMISSION 

CONDUCTORS   and   CONTROL 


GENERAL 

(See  also  Theory,  p.   4.) 

Electrical  Characteristics  of  Transmission 
Circuits — Wm.  Nesbit. 

I — Resistance — Inductance.  T-5,       C-1, 

1-5,  W-5000.      Vol.  XVI,  p.  279,  July,   '19. 

(E)    Chas.   F.   Scott.     W-1000,   p.   275. 

II— Reactance.  T-9,  C-2,  D-2,  W-3300. 
Vol.  XVI,  p.  314,  Aug.,   '19. 

HI — Quick  Estimating  Tables.  T-10,  0-1, 
W-1700.      Vol.  XVI,  p.  385,  Sept.,   '19. 

IV— Corona  Effect.  T-3.  W-2900.  Vol. 
XVI,  p.  485,  Nov.,   '19. 

V — Electric  Propagation — Paralleling — 

Heating  of   Conductors.     T-1,   C-1,   I-l,   W- 
3000,     Vol.  XVI,  p.  515,  Dec,    '19. 

VI — Frequency  and  Voltage  Determina- 
tions. T-4,  W-3050.  Vol.  XVII,  p.  21, 
Jan.,   '20.  .     . 

VII — Performance  of  Short  Transmission 
Lines  (Capacitance  not  Taken  into  Account). 
T-3  D-2  I-l.  W-8000.  Vol.  XVII,  p.  66, 
Feb.',   '20.' 

■VIII — Graphical  Solution  of  Long  Lines. 
T-1,  0-4,  D-11.  I-l,  W-7000.  Vol.  XVII, 
p.  l'04,  March,   '20. 

(E)    Chas.  R.  Riker.      W-1000,   p.   83. 

IX— Convergent  Series  Solution  of  Long 
Lines.  T-6,  D-9.  W-6700.  Vol.  XVII,  p. 
146,  Apr.,   '20. 

X — A  Review  of  Hyperbolic  Trigonometry. 
0-2,  D-9.  W-4000.  Vol.  XVII.  p.  257, 
June,   '20. 


XI — Solution  of  Long  Lines  by  Hyperbolic 
Functions.  T-2.  D-1,  1-9.  W-5450.  Vol. 
XVII,   p.  299,  July.    '20. 

(E)    Chas.  R.  Riker.     W-210.  p.  277. 

XII  and  XIII — Comparison  of  Various 
Methods  of  Solving  Long  Lines.  T-2.  D-4. 
W-6000.  Vol.  XVII,  p.  350,  Aug.;  p.  527, 
Nov..    '20.  _   _ 

XIV — Heating  Limits  for  Cables.  T-5, 
C-1,  1-2,  W-2900.     Vol.  XVII,  p.  575,  Dec, 

"•Testing  for  Short -Circuit  Currents  In  Net- 
works— W.  R.  Woodward.  With  Miniature 
Networks.  D-1.  1-2,  W-1380.  Vol.  XVI, 
p.    344,   Aug.,    '19. 

(E)   A.  W.  Copley.      W-800,  p.   314. 

Analytical  Solution  of  Short -Circuit  Cur- 
rents in  Networks — Robert  D.  Evans.  D-21, 
W-3100.      Vnl.   XVI,    p.    345.    Aug.,    '19. 

Development  of  Analytical  Solutions  in 
Networks — Chas.  Fortescue.  W-2800.  Vol. 
XVT,    p     350,    Aug.,    '19. 

Substation  Short- Circuit — R.  F.  Gooding. 
T-6.  D-6,  W-3030.  Vol.  XVI,  p.  61,  Feb., 
'19." 

Short-circuit    Calculations — QB,    1786. 

Capacitance   Measurements — QB.    1823. 

Power-Factor 

Average   Power -Factor — QB.    1852. 
Synchronous  Motors  for  Po'wer-Factor  Cor- 
rection— QB,   1859. 

Transmission   Power-Factor — QB,    1906. 


SYSTEMS 


The  Electric  Power  Supply  for  the  Puget 
Sound  Lines  of  the  Chicago,  Milwaukee  & 
St,  Paul  RaUroad — A.  W  Copley.  D-4,  1-12, 
W-1950.      Vol.    XVII.    p.    3,    Jan.,    '20. 

Switching  and  Protection  of  Transmission 
Circuits — S.  Q.  Hayes.  C-1.  D-9.  1-66,  W- 
17500.  Vol.  XVII,  p  178.  May;  p.  263. 
June;   p.  531,  Nov.;  p.  555,  Dec,    '20. 

Interconnection  of  Power  Systems — Har- 
old W.  Smith.  1-6,  W-3050.  Vol.  XVII, 
p.  515,   Nov.,   '20  . 

Alternating  Current 

Regulation  and  Inductive  Effects  in  Single - 
Phase  Railway  Circuits — A.  W.  Copley.  T-1, 
CI,  D-33,  W-10O50.  A'ol.  XVII,  p.  326, 
Aug.,   '20. 

Three-Phase,  Fonr-Wiro  Distribution — 
Geo.  E.  Wagner.  D-7,  W-3350.  Vol.  XVI, 
p.  99.  Mar.,  '19. 

Monocyclic — QB,  1697. 

Voltage  Between  Phases — QB,    1714. 

Arrangement  of  Cables  In  Conduit — QB, 
1925,    1937. 

3-Wire  vs.  4-Wire,  2  Ph.  Distribution — 
QB,  1935. 

MNES 

Grounding  Delta— QB.   1692. 


THE  ELECTRIC  JOURNAL 


Underground 

Allowable  Worklug  Stresses  in  High -Volt- 
age Electric  Cables — Clios.  W.  Davis  and 
Iiniial.l  M.  Simons.  T-1,  C-2.  W-5400.  Vol. 
XVII,    I..   2»2,   .Tuly,    '20. 

Heating  Ijimita  for  Cables — Wm.  Nesbit. 
T-,';,  C-l.  1-2,  W-2900.  Vol.  XVII,  p.  575, 
Dcr.,    ''M. 

Di.spoHition  of  Conductors — QB,    1094. 

Cablo  Insulation — QB,   1781. 

Overhead 

Farm  Iiiue  Business  at  a  Profit  to  tbe 
Central  Station — II.  W.  Vouui;  I-I,  W-1350. 
Vol.    XVII,    |,.   7:l.    K.-l...    '20. 

Transposition   of  Conductors — QB,    1723. 

Conductor  Insulation — QH.   1781. 

Spacing  of  Poles — QB,    1880. 

Transmission    Power-Factor — QB,    1906. 

GROUNDING 

Eesistauoo  of  Ground  Connections — EN, 
XVI.    1,S7. 

Arcing  Ground — QH,   18:il. 
Grounding  Co.-il  Rig — QB,    1702. 
Grounding  High  Tension  Linos — QB,   187!. 
Position    of    Overliead    Ground    Wire — QB, 

lK(i5. 

Conductors 

Resistance  and  Reactance  of  Commercial 
Steel  Conductors — II.  B.  Uwiglit.  Tl,  C  15, 
\V-9SU.       Vol.    XVI.    p.    25.    .7iin..    'HI. 

Reactance  Values  for  Rectangular  Con- 
ductors— II.  B.  liwiRlit.  CI,  I-l,  \V1200. 
Vol.   XVI,   I..  253.   ,hini-.    'l'.). 

Heavy  Alternating -Current  Conductors — 
EN,   XVt,   3.1:1. 

Carrying  Capacity  of  Iron  Pipes — QB, 
1711. 

Capacity  of  Copper  Wires — QB,    1713. 

Fusing  Current — QB,   17.''>!l. 

SA\lTCHTiOARDS 
Genei'jil 

Switchboard  Meter  Connections  for  Alter- 
nating-Current Circuits — J.  0.  Group.  See 
•■M.t.r,,.-' 

Division  of  Load  in  Ring  Bus — QB,    1869. 

Generator  Wiring — (;I'.,    l.-i85. 

Bus  Bar   Arrangement     (^H.    1920. 

Electrostatic    Ground    Detector — QB,    1940. 

Interrupting  Devices 

SWITCHES 

European  High -Voltage  Switchgear — 
W.  A.  CrnitLS.  113,  \V-3730.  Vol.  XVI, 
p.    243,    .luiM.,    'HI. 

(V.)    Clins.    R.    IlikiT.      W-550,   p.   234. 

Large  Capacity  Circuit  Breakers — H.  G. 
MniDonnld.  1-2,  W-1320.  Vol.  XVI,  p. 
201,   .luno,    'HI. 

Inverted  Contact  Circuit  Breakers — H.   0. 


MacDonald.  1-3,  W-800.  Vol.  XVII,  p. 
78,   Feb.,    '20. 

Oil  Circuit  Breaker  Arrangements  and 
Switching  Schemes  for  Steel  Mills — G.  P. 
Wil.soii.  (M,  1)  14,  \V-5250.  Vol.  XVII, 
p.  402,    Sifit.,    '20. 

Short-Circuit    Calculations — QB,    178G. 

Calculation  of  Circuit  Breaker  Capacity — 
QB.    1017. 

Air  Break  Types — QB.   lo:)6. 

Selection  of — QB,  19-12. 

FUSES 

Maintenance  of  Fuse  Boxes  for  Railway 
Service — Uiil),  XVI,  j..  399. 

Current '  to  Fuse  Heavy  Copper  Wire — 
QB.    1759. 

Expulsion  Fuses — QB,   1790. 

Temperature  Indicator — QB.    1867. 

Generator  Fuses — QB,  1883. 

l»rotective 

Impulse -Gap    Lightning    Arresters — Q.    A. 

Brn.kott.  C-1,  D-l,  1-2,  \V-1690.  Vol. 
XVI.    ]..    ,52.    Kol).,    'HI. 

Lightning  Arresters  to  Absorb  Inductive 
Kick — (^B,     1772'. 

Choke  Coils — i^B.   1809. 

Lightning  Protection  for  Meters — QB, 
1825. 

Testing  Electrolyte  for  Impurities — QB, 
I8:!(i. 

Noise  In   Transformers   due  to   Charging — 

QB,     188S, 

SJ^M•hronizing  Schemes 

Syctaronizing  with  Lamps— J.  C.  Group. 
D-2,  1-4,  W-1850,    Vol.  XVII,  p.  536,  Nov., 

'20. 

Synchronizing  with  Sycchronoscopes — J. 
C.  (iroiip.  1)13,  \V-2650.  Vol.  XVII,  p. 
567,    Dcr.-.,    '20. 

Synchronizing  Alternators — QB,   1850. 

REGTJIiATION  AND  OONTROIi 
Regulators 

The  Step  Induction  Regulator — E.  E.  I,i>hr. 
C-1,  D-4,  1-7,  W-2500.  Vol,  XVII,  p. 
510.   Nov.,    '20. 

Tie  Line  Application  for  Induction  Feeder 
Regulators — C.  R.  Gikhrcst.  D  1,  16,  W- 
1000.      Vol.   XVII,   ]i.   518.   Nov.,    '20. 

Transformer  Connections — QB,    1703. 

Connection  of  Tirrill  Regulator — QB,  1818. 

Induction  Regulator — QB,    1840. 

Controllers 

INDUSTRIAL 

Improvements  in  Contactor  Types  of  In- 
dustrial Controllers — H.  n.  James.  C  2,  U- 
2,  1-8,  \V-2G00.  Vol.  XVI.  p.  480,  Nov., 
'19. 

Manual    Starters    for    Small    Squirrel  -  Cage 


Induction  Motors — C.  K.  Applegarth  and  H. 
D.  James.  C-3,  1-9,  W-1850.  Vol.  XVI, 
p.   532,   Dec,    '19, 

(E)    J.    II.   Curtin.      W-350,    p.   507. 

Autotransformer  Motor  Starters — H.  D. 
James  and  K.  E.  DcCamp.  T-2,  CI,  D-7, 
13,    \V-3500,      Vol.   XVII,   p.   30,   Jan.,    '20. 

Current  Limit  Acceleration  for  Electric 
Motors — H.  D.  James.  C-1.  1>  4,  1-3,  W- 
2350.      Vol.    XVII,    ]>.   51,    Feb..    '20. 

Starting  Compensator — QH,    1799. 

Sl^ecific  .l/itilfculioiri 

Direct- Current      CRANE      Controllers — H. 

U.    .lames.       CI,    III,    1-9,    W-2820.       Vol. 

.XVII.    ]..    Il.su.    .S..|.l,,     "JO. 

ELEVATOR  Operation — QH.    1843. 

Electric  Controllers  for  Mine  HOISTS — 
\V.  C.  Goodwin.  D-l,  1-5,  W-2200.  Vol. 
XVII,   p,   119,  March,    '20. 

RAILWAY 

Automatic  HL  Control  for  Boston  Surface 
Cars — A.  D.  Webster.  Tl,  D],  19,  W- 
3000        Vol.    XVI,    p.    459.    O.t.,    '19. 

Testing  Railway  Control  Equipment — W. 
II.  I>onsonl,v.  D-2,  I  0,  \V-2  10o.  Vol. 
XVI,    p.    ST.    Mar..    '19. 

Maintenance  of  Magnet  Valves — ROD, 
XVI.    p.    353. 

Lubrication    of    Control    Apparatus — ROD, 

XVI,  p.  468. 

The  Electrical  Equipment  and  Control  of 
the  Chicago,  Milwaukee  &  St.  Paul  Locomo- 
tives—1'.  L.  Mnrtlis.  Tl.  l)-4,  1  14,  W - 
5000.       Vol.    X\  II,    p     235.   .huie.    '20. 

The  Auxiliary  and  Lighting  Control  Equip- 
ment of  the  Chicago,  Milwaukee  &  St.  Paul 
Locomotives — .lolin  .\.  Clarke  Jr.  D-2,  1-8, 
W    2500.       X'ol.    XVII,    p.    244,    .lune,    '20. 

Methods  of  Protecting  Electrical  Equip- 
ments— Lynn    G.    Eilev.     1-12,    \V-1800.     Vol. 

XVII,  p.   453.    Oct.,    '20. 

Multiple -Unit  Train  Operation — S.  B. 
Schenek.  D-l.  1-6,  \V-2300.  Vol.  XVII. 
p.    457.    0,-t..    '20. 

Multiple- Unit  Control  Equipmeut.s  for  the 
Cleveland  Interurban  Railway  Company — H. 
R.  Me.viT.  II  2.  1-12.  \V-30n0.  Vol.  XVII, 
p.   404.    Oi-t..    '20. 

Foot  Control  of  Safety  Cars  as  Exempli- 
fied by  the  Third  Avenue  Safety  Cars  in 
New  York — B.  (i.  .\u.slin.  D-l.  1-5,  W- 
1700.      Vol.    XVII.    p.    4RS.   Oel.    '20. 

Inspection  and  Maintenance  of  Direct - 
Current  Car  Control — A.  H.  Candce.  W- 
3600.      Vol.    XVII,    p.    492,    0,-t..    '20. 

Voltage  Testing  of  Control  Equipment — 
ROD,  XVII,  p.  318. 

Rheostats  i 

The  New  Liquid  Rheostats  for  tbe  Nor- 
folk &  Western  Railway — I).  C.  West.  I-l 
\Vlt;oo.      Vol.    XVII.    p.    483,    0,-t..    '20. 

Mounting  and  Maintenance  of  Car  Resis- 
tors— Rod,   XVI.   269 

Calculating  Starting  Resistance  for  In- 
duction Motors — QB,    1893. 


UTILIZATION 


GENERAIi 

Merchandising  Electrical  Appliances — Wm. 
T.  Kence.  1-2,  W-1450,  Vol,  XVII,  p. 
229,   May,   '20. 

Appliance  Outlets — Clins.  R.  Riker.  (E) 
W-210.      Vol.    XVII,    p.   277,   Jnly,    '20. 

ELECTROC^HE»nSTRY 

Developing  Our  Electrochemical  Se- 
BOurces — 0.  Q.  SchlueJerberg.  (E)  W-2300. 
Vol.   XVI,   p.   3,  Jan.,    '19. 

Electric  Fnrnaces  for  Steel  Foundries — 
W.  E.  Mooro.  With  Ilistorienl  Introduction. 
T-3,  1-3,  W-4760.  Vol  XVI,  p.  300,  Sept., 
'19. 

The  Manufacture  of  Forro-Alloys  In  Elec- 
tric Furnaces — 0.  B.  ()il>son,  T-1,  1-3  \V- 
5500.      Vol.   XVI,   p,   360.    Sept.,    '19. 

Electric  Brass  Melting — Its  Process  and 
Present  Importance— H.  M.  St.  John.  W- 
8000.      Vol.    X\I,    p.    373,    Sept.,    '1!>. 

Transformers  and  Connections  to  Electric 
Furnaces — J.  F.  I'eters.  C-2.  D-l  1-4  W- 
1250.      Vol.    XVI.    p.    397.    Sept.,    '19. 

The  Electric  Furnace  as  a  Central  Station 
Load  with  Particular  Reference  to  Phase - 
Balancing  Systems — R.  D.  Evnn.«.  1117 
1-2.    \V-5200.      Vol.  XVII,   p.   373,   Sept.,    '20 

(E)    C.    B.    Oil. son.      W-G40,    p.    301. 

Automatic  Regulation  of  Electric  Arc  Fnr- 
naces—O.  Y.  Allen.  0-2,  D-4.  1-4.  W-3500. 
Vol.  XVII,  p.   397,  Sept.  20. 


Secondary  Conductors  for  Electric  Fur- 
naces— K.lwiinl  T.  Moore.  D-l,  1-11,  \V  • 
2380.      Vol.    XVII.   ],.   422,   Sept.,    '20. 

Manuf.icture  of  Oxygen — QB,   1728. 

Electrolysis — QB.    1765, 

Electrolytic  Corrosion^JB,   1854. 

Electric  Furnace  for  Glass  Mfg. — QB, 
1802, 

LIGHTING 

Ugbting  without  Hanging  Ceiling  Fixtures 
— .1,  L.  .Stair.  Indirec  t,  rove,  rolumn  and  wall 
boxes  and  pede»tal  liRhtine.  114,  W-2860. 
Vol.    XVI,    p.    183.    Mn.v.      19 

Improved  Industrial  Lighting — Wm.  T. 
Roaco.  II,  WIOOO,  Vol.  XVI,  p.  197, 
May,    '19. 

Notes  on  Industrial  Lighting — Otis  L, 
Johnson.  0-3,  1-6,  W-2350.  Vol..  XVII, 
p.  198,  May,   '20. 

Increasing  the  Load  with  Portable  Ijamps 
— Arthur  E.  Frnnkeulierc.  \V  1100.  Vol. 
XVI,    p.    215.    liny.    '19. 

Ornamental  Street  Lighting — L.  A.  S. 
Wood.  110.  W-1350.  Vol.  XVII,  p.  195, 
May.    '20. 

Chemistry  and  Chemical  Control  in  the 
Lamp  Industry — Albert  Brnnn  and  A  M. 
Hnc.nmii.  II,      W-3in0.  Vol.      XVI,    p. 

HIS.    Mny,    '19. 

Mazda  C  Lamps  for  Motion  Picture  Pro- 
jection— .\.  R.  DenninKton.  Dl.  1-5,  W- 
2420.     Vol.  XVI,  p.  201,  Mny,  'HI. 

Lamp  Resistance — QB.   1842. 

Cementing  Base  of  Incandescent  Lamp — 
QB,    1889. 


POWER 

.>Iotors  and  Tlieir  Application 

Protection   from  Dirt — QB,    1687. 
Motors  in  Parallel — QB,  1896. 

SPECIFIC  APPUCATIONS 

(Arranged    Alphabelirnlly) 

Direct- Current  Motors  for  CRANE  and 
Hoist  Work— F.  I,.  Moon.  C-4,  1-3,  W- 
2370.      Vol.    XVII,    p,    532,    Nov.,    '20. 

<E)   L.  0.  MeCluro.      W-300.  p.  501. 

Electric  DREDGING  on  the  Yukon — Allen 

E.  Ran.iom.        T-3,     1-13,     W-180(i.        Vol. 
XVII.   p.   86,   March,    '20. 

Automatic  Push  Button  ELEVATORS — 
H.  L.  Keith.  1-5,  W-1500.  Vol.  XVI,  p. 
512,    De.-.,    'H.I. 

ELEVATOR  Load — QB,    1736. 
ELEVATOR  Operation — QB.   1843. 
HOIST  Motor — QB,   1708. 
Induction  Motor  Drive  tor  Skip  HOIST — 

F.  K.    Burt.      0   2.    HI.    II,    W1250.       Vol. 
XVI,   p.  381,   Sept.,    '19. 

ElectricUy  in  the  HOTEL  Pennsylvania — 
W.  H.  Enston.  T-1,  1-18,  W-3220.  Vol. 
XVI.   p.  288,  July,    '19. 

The  IRRIGATION  of  the  Desert — E.  B. 
I'ri.l.lle.  1-2,  \V  I800.  Vol.  XVII,  p.  193, 
May,   '20. 

Electricity     in     METALLURGICAL     Pro- 
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cesses — Robert  M.  Keeney.  T-3,  W-6350. 
Vol.  XVII,  p.  206,  May,    '20. 

Electricity  in  MOTION  PICTURE  Studios 
— H.  P.  O'Brien.  1-5,  W-1500.  Vol.  XVII, 
p.  223,  May,    '20. 

Electrically -Driven  PLATE  MILLS — G.  E. 
Stoltz.  T-2,  G-7,  1-3,  \V-3300.  Vol.  XVI, 
p.    69,    Feb.,    '19. 

Electrically -Driven  PLATE  MILLS  of  the 
Brier  Hill  Steel  Company — G.  W.  Haiu-y. 
D-1,  1-13,  ■\V-2500.  Vol.  XVI,  p.  1S8, 
May,    '19. 

Electrical  Equipment  for  60-Incli  Univer- 
sal PLATE  MILL — K.  15.  Gerhardt.  1)1. 
Is,   \V-:2"ir.ii       \„\.  XVII,  p.  363,  Sept.,   '20. 

Centrifugal   PUMPS— QB,    1819. 

Speed  of  Motor  Driven  PUMPS — QB, 
1877. 

Electrical  REFRIGERATION — C.  J.  Carl- 
sen.  T-2,  1-7,  W-2200.  Vol.  XVII,  p.  502, 
Nov.,    '20. 

(E)    Chas.  R.  Riker.      ■W-500,   p.   501. 

The  Electrically -Operated  Gyratory  RID- 
DLE— C.  A.  .M.  Wol.ir  1-2,  \V-750.  Vol. 
X\-I,    p.    21;:!,    .Iin,.'.    -lO. 

Post-War  .  STEEL  .  Conditions — Brent 
Wiley.  (E)  W-lllO.  Vol.  XVI,  p.  6,  Jan., 
'19. 

Motor-Driven  STEEL  MILLS — Brent 
Wilev.  (E)  W-900.  Vol.  XVI,  p.  357, 
Sept.,    '19. 

Electrical  Development  in  the  Iron  and 
STEEL  Industry — J.  F.  Kelly.  (E)  W- 
400.      Vol.   XVI,  p.   358,    Sept..    '19. 


The  Electric  Motor  in  the  STEEL  MILL — 

G.  E.  Stoltz.  (E)  W-550.  Vol.  XVII,  p.  360. 
Sept.,    '20. 

Electric  Drives  for  STEEL  MILLS — Brent 
Wiley.  (E)  \V-450.  Vol.  XVII,  p.  361, 
Sept.,    '20. 

The  Application  of  Adjustable  Speed  Main 
Drives  in  the  STEEL  MILL — Gordon  Fox 
&  Arthur  J.  Whit.-omb.  C-1.  D-2.  1-8,  W- 
2820.      Vol.    XVII.    p.    367,    Sept.,    '20. 

The  Cost  of  Interniptlons  of  Power  To 
STEEL  MILLS — E.  S.  Jeffries.  T-1,  W- 
1400.      Vol.    XVII,    p.    371,    Sept.,    '20. 

Oil  Circuit  Breaker  Arrangements  and 
Switching  Schemes  for  STEEL  MILLS — (; 
P.  Wilson  C-1.  I) -14,  W-5250.  Vol.  XVII, 
p.    402,    Sept.,    '20. 

Electrical  Etiuipment  Used  on  SUBMA- 
RINES— II.  C.  Coleman.  T-1.  1-9,  W-3120. 
Vol.   XVI,   p.    295,  July,    '19. 

Vehicles 
Battery  Capacity — QB,   1739. 


Regulation    of    Automatic    Generators — W. 

A.  Dii-K.      C-4,    D-7,   W-2660.      Vol.  XVI,   p. 
148,  Apr.,    '19. 

Winding      Third      Brush      Generator — QB, 
1924. 

Heating  Apparatns 

Electricity    in    Celluloid    Manufacture — l-l 
W.   Manter.      1-6,    W-890.      Vol.   XVI,   p.    94, 


Electrically -Heated  Metal  Pattern  Plates 
on  Molding  Machines — EH,  XVI,  229. 

Industrial  Electric  Heating — Wirt  S.  Scott. 
1-13,  W-2000.    Vol.  XVII,  p.  188,  May,   '20. 

Electric  Dryer — QB,   1858 

Energy   for  Heating  Buildings — QB,    1916. 

WELDING 

Apparatus   for  Arc   Welding — QB.    1733. 
With   220    Volt    Direct -Current     Circuit — 
QB,    1879. 

Magiiet.s 

Effect   of   Voltage   and   Frequency   Changes 
on  Number  of  Turns — QB,    1834. 
Demagnetizing  Tools — QB.    1878. 
Detector  for  Iron — QB,   1893. 

IXTELLIGEXCE  TRANSMISSION 

TELEGRAPHY 

A  High -Frequency  Generator  for  Airplane 
Wireless  Telegraph  Sets — A.  Nvman.  (;-5, 
I)    4,    1-7.    \V-3000.      Vol.   XVI.    p.    140,    Apr., 

•19. 

TELEPHONY 

Dyuamotors  and  Wind-Driven  Generators 
for  Radiotelephony — R.  G.  Thompson.  C-4, 
11-2,  1-6,  \V-4200.Vol.  XVI,  p.  211.  May, 
'19. 

Development  of  Airplane  Radiotelephone 
Set — H.  M.  Stoller.  C-3,  I) -2.  1-5,  W-2350. 
Vol.  XVI,  p.  211,   May,   '19. 

Telephone  Interference — QB,   1723. 


RAILWAY    ENGINEERING 

(SEE   ALSO   CONTROLLERS,    P.   6;    AND   SERIES  MOTORS  P.  I.) 


Expansion  of  Railroad  Electrification — F. 
H.  Shepard.  (Ej  W-670.  Vol.  XVI,  p.  2, 
Jan.,    '19. 

The  Street  Railway  Situation — John  H. 
Pardee.  (E)  W-2000.  Vol.  XVI,  p.  405, 
Oct-,    '19. 

The  Stability  of  the  Electric  Street  Rail- 
way Industry — W.  S.  Rngg.  (E)  W-1400. 
Vol.  XVI,  p.   406,   Oct.,   '19. 

Public  Understanding,  Consideration  and 
Appreciation  Necessary  for  a  Solution  of  the 
Electric  Railway  Problem — Lucius  S.  .Sluris. 
(E)    W-SOO.      \o\.    XVI.    p.    408.    Oct.,    '19. 

City  Traction  Problems — A.  W.  Thompson. 
(E)  \V.1200.  Vol.  XVI,  p.  409,  Oct.,  '19.. 
Inherent  Defects  and  Future  Sphere  of 
Usefulness  of  Electric  Traction — Edwin 
Gruhl.  (E)  W-9U0.  Vol.  XVI,  p.  410, 
Oct..    '19. 

The  Future  Outlook  for  Large  Urban  Elec- 
tric Railways — F.  6.  Buffe.  (E)  W-1000. 
Vol.  XVI,   p.  411,  Oct.,   '19. 

Hold  Fast  to  the  Fundamentals — P.  W. 
Hild.  (E)  W-1120.  Vol  XVI.  p.  412,  Oct., 
'19. 

Utility  Credit  and  General  Prosperity — 
Theodore  P.  Shonts.  (E)  W-850.  Vol. 
XVI,  p.  413,  Oct.,   '19. 

Public  Utilities — ^A  Diagnosis — Thos.  S. 
\Mieelwright.  (E)  W-850.  Vol.  XVI.  p. 
414.    Oct.,    '19. 

Moderation  Must  Govern  Future  Municipal 
Action — A.  il.  Lynn.  (E)  W-1100.  Vol. 
XVI.   p.   415,   Oct.,    '19. 

Service  at  Cost — Calvert  Townley.  (E) 
W-1050.      Vol.   XVI,   p.   416.   Oct.,    '19. 

The  Graduated  Fare  System — N.  W.  Storer. 
(E)    W-1360.      Vol.   XVI.    p.    417,    Oct.,    '19. 

Mutuality  of  Interests  in  Practice — Ben- 
jamin E.  Tilton.  (E)  W-900.  Vol.  XVI,  p. 
418.  Oct.,   '19. 

Momentum  of  Custom — Edwin  D.  Dreyfus. 
(K)    W-122U.      Vol     XVI,    p.    419,    Oct.,    '19. 

Co-operation  between  Operators,  Car  Build- 
ers and  Equipment  Manufacturers — J.  S. 
Tritle.  (E)  W-770.  Vol.  XVI,  p.  421,  Oct., 
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_,  .  Inspiration  is  inevitably  the  cause  of 

Milwaukee  &     Progress.     To  the  boldness  and  vision 

St.  Paul  of  Mr.  John  D.  Ryan,  more  than  any 

Railroad  other  one  man,  the  noteworthy  elec- 

Electrification  trification  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railroad  owes  its  accomplishment.  The 
harnessing  of  nature's  resources  in  the  development  of 
the  Montana  Power  Company,  which  serves  an  area 
equal  to  that  of  a  small  nation,  has  been  remarkable. 
The  availability  and  reliability  of  this  power  at  a  favor- 
able price,  coupled  with  the  certainty  with  which  the 
action  of  electrical  apparatus  could  be  predetermined, 
led  to  the  decision  for  the  electrification  of  a  great 
stretch  of  railroad,  440  miles  in  extent,  far  surpassing 
the  scope  of  any  previous  electrification.  This  is  the 
most  recently  accomplished  undertaking  and  the  only 
extensive  one  operated  independent  from  steam  opera- 
tion. The  operating  and  traffic  conditions  allow  of  op- 
eration which  permits  the  merit  and  advantage  of  elec- 
trified service  to  be  developed  to  an  unusual  degree. 

The  technical  requirements,  specified  with  rare 
ability  by  the  electrical  engineering  staff  of  the  Rail- 
road Company  as  to  apparatus  and  detail  of  substations, 
transmission  lines,  trolley  construction  and  locomotives, 
were  most  precise,  so  that  the  execution  of  this  elec- 
trification has  been  unique  in  the  perfection  of  its  detail. 

The  maintenance  and  operation  of  the  electrical 
equipment  has  been  handled  with  exceptional  skill  by 
the  Mechanical  Department  of  the  electrified  section, 
so  that  it  may  be  said  that  the  operating  staff  on  this 
electrification  has  been  governed  with  direction  more 
appropriate  to  electrified  operation  than  has  been  gen- 
erally obtained  in  the  supplanting  of  steam  service. 

The  absence  of  steam  motive  power  and  the  condi- 
tions local  to  this  section  of  the  country,  have  been  of 
assistance  in  securing  this  result.  The  reward  for  ap- 
propriate conditions  in  the  use  of  electrical  apparatus 
is  magnificent.  It  may  be  said  that  overloading,  abuse 
or  neglect  in  the  operation  of  this  equipment  have  been 
entirely  absent  throughout  its  whole  history.  The 
technical  result  of  this  electrification  has  been,  there- 
fore, noteworthy.  This  condition,  coupled  with  its  bold 
scope,  has  led  to  an  interest  most  far-reaching  and  has 
contributed  greatly  to  the  acceptance,  universally,  of 
the  idea  tliat  the  electrified  railroad  is  always  a  better 
operating  proposition  than  the  steam  operation  which  it 
may  supplant.  Furthermore,  this  electrification  is 
understood  to  show  distinct  financial  advantage,  and  the 
lessened  burdens  for  coal  supply  and  locomotive  main- 
tenance, emphasized  especially  by  recent  history,  are 
welcomed  with  enthusiasm  by  railroad  men. 

An  additional  220  miles  of  electrified  road  is  now 
being  put  in  operation,  the  line  from  Othello,  Washing- 


ton to  Seattle  and  Tacoma.  Extensive  analysis  of  com- 
parative design  and  experience  led  to  a  large  part  of 
their  new  requirement,  including  locomotives  necessary 
for  this  expansion,  being  placed  with  the  Westinghouse 
Company. 

A  series  of  articles,  which  commence  in  this  issue, 
will  describe  this  improved  apparatus,  which  covers 
many  unique  features,  and  also  represents  the  latest 
advance  in  design  and  application  of  the  various  types 
of  apparatus.  To  a  layman  these  descriptions  may  ap- 
pear involved,  but  to  the  informed  it  is  well  known  that 
the  criterion  for  the  selection  of  electrical  apparatus  i."- 
very  largely  determined  by  the  perfection  of  its  design, 
and  to  these  tliis  series  of  articles  will  especially  appeal. 
They  will,  however,  be  of  scarcely  less  interest  from 
the  viewpoint  of  general  information,  and  should  form 
a  valuable  contribution  to  the  literature  of  the  art  of 
railroad  electrification.  F.  H.  Shephard 


Engineers 
Should  Study 

Cost 
Accounting 


The  services  of  an  engineer,  trained 
to  use  the  facts  and  principles  of 
physical  science  with  technical  pre- 
ciseness,  are  valuable  in  a  money 
sense  only  in  proportion  to  the  aid 
they  bring  to  commercial  activity.  We  are  told  that 
the  present  is  a  "commercial  age".  As  a  matter  of 
fact,  commerce  has  existed  as  long  as  mankind.  Men 
have  always  sold  what  they  could  spare  and  bought 
what  others  could  spare.  We  are  also  told  that  the 
present  is  a  "manufacturing  age".  Such  a  definition  of 
our  times  still  fails  properly  to  differentiate  them. 

This  is  the  age  of  standardized  production  in  which 
raw  materials  are  transported  from  the  various  parts 
of  the  earth  where  tliey  originally  exist,  to  the  .'^pot 
where  productive  machinery  and  skilled  workmen  are 
most  highly  organized  for  the  creation  of  articles  useful 
to  mankind.  By  standardizing  the  various  articles — 
viz.  making  vast  numbers  of  them  exactly  alike —  and 
thereby  making  possible  the  standardizing  of  the  labor 
and  machineiy  required  for  their  production,  they  can 
be  manufactured  so  cheaply  that  the  expense  of  trans- 
portation over  long  distances  of  both  raw  material  and 
manufactured  articles  becomes  justifiable. 

For  present-day  standardized  production,  raw  ma- 
terial must  be  uniform  in  quality  and  machinery  must 
be  capable  of  continuous  operation  at  high  speed  with- 
out breakdown  or  deviation  from  established  shape  and 
quality  of  product.  This  can  only  be  done  by  engineer- 
ing; that  is  accurate  designing  of  the  article  required 
and  of  the  machinery  by  which  it  is  produced. 

Before  incurring  the  expense  of  design  and  instal- 
lation of  special  machinery,  the  business  man  must 
know  what  will  be  the  cost  of  the  product  so  as  to  fix 
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the  selling  price  and  obtain  the  market.  To  determine 
the  cost  of  the  product,  cost  accounting  methods  mu-t 
sui)plement  the  scientific  designing  of  the  engineer. 
When  the  engineer  does  not  understand  cost  accounting 
and  the  cost  accountant  does  not  understand  engineer- 
ing, the  business  man  who  employs  them  is  liable  to  lose 
money.  After  a  number  of  articles  have  been  manu- 
factured, and  the  business  man  learns  from  the  ac- 
countant that  they  are  costing  more  than  estimated,  he 
blames  the  engineer  for  making  the  mistake  because 
he  can  easily  check  up  the  accountants  figures  but  does 
not  understand  the  engineers  drawing  nor  the  scientific 
language  in  which  he  explains  them. 

Probably  the  engineer  made  one  mistake  at  least, — 
viz.  failure  to  understand  the  language  and  methods 
of  cost  accounting.  He  hears  little  or  nothing  about  il 
at  the  engineering  school,  and  probably  has  received  the 
impression  that  it  is  not  worth  his  attention. 

The  accountant  divides  the  cost  of  anything  into 
three  parts ;  material,  labor  and  general  expense.  The 
engineer  may  understand  how  to  measure  quite  ac- 
curately the  first  two;  but  is  liable  to  overlook  or  at 
least  not  properly  apply  the  last  one.  Time  is  a  ruling 
factor  in  general  expense,  for  the  greater  part  of  such 
t-<pense  is  continuous,  not  intermittent  as  is  the  cost 
ot  labor.  Productive  tools  which  work  continuously 
should  carry  i  smaller  proportion  of  the  general  expense 
per  month  than  those  which  work  only  occasionally. 

The  construction  engineer  who  deals  with  the  de- 
sign and  construction  of  railroads,  buildings,  dams, 
waterworks,  etc.  must  be  ..Lie  correctly  to  estima  e 
costs,  if  he  is  to  be  usefu.  in  a  business  sense;  the 
same  can  be  said  of  the  research  engineer,  the  sales 
engineer  and  even  of  the  teacher  of  engineering;  all 
must  understand  accounting  to  have,  the  commercial 
value  to  which  their  knowledge  apparentl)  c^'itles  them. 

The  study  of  a  comprehensive  modern  work  on  ac- 
counting is  the  first  step.  When  general  principles  and 
terms  and  methods  are  clearly  understood,  a  special 
work  on  cost  accounting  dealing  with  the  particular 
business  in  which  the  engineer  is  most  interested  shou'J 
be  studied  and,  if  possible,  a  cost  system  actually  in  use 
should  be  analysed.  Any  good  reference  library  can 
supply  the  books  and  the  time  consumed  in  such  study 
will  pay  handsome  dividends.  

Engineers  should  learn  what  profit  actually  is  and 
incidently  how  hard  it  is  to  obtain.  They  should  learn 
to  talk  to  the  busines  man  in  the  language  he  under- 
stands. .Samuf.l  E.  Duff 

An  expert  electrician  may  work  along 
M   k'ne  ^^''^  '"^"   '"  "'^'^^■"  engineering  lines 

Electrical         ■'"'^'   appear   to  he  doing   work   of  a 
Connections       ^uite  similar  nature.     For  instance  in 
equipping  a  central  station  or  a  new 
factnrv,   he   will    work   with   steam   turbine  and   steam 
boiler  men,  crane  builders,  structural  steel  workers,  ma- 
chine tool  men,  etc.,  and  his  fellow-workers  can  under- 


stand much  of  this  work  as  being  smiilar  to  their  own. 
P,ut  when  it  comes  to  connecting  apparatus,  meters, 
transformers,  switchboards,  etc.,  the  average  mechanical 
r.ian  becomes  lost  in  the  mysteries  of  electricity.  He  is 
accustomed  to  dealing  with  visible,  tangible  quantities; 
but  the  truly  electrical  expert  has  a  vision  in  his  mind 
on  which  he  bases  his  actions.  He  can  see  stars  and 
deltas,  jiolyphase  circuits  loaded  with  harmonic  waves, 
vector  relations  with  their  out-of-phase  or  wattless  com- 
ponents— things  which  have  no  real  existence  at  all  but 
which,  for  the  purposes  of  the  electrical  expert,  form 
the  practice-based-on-theory  by  which  he  is  able  to  go 
about  his  work  with  the  assurance  that,  on  its  comple- 
tion, he  will  most  assuredly  get  the  results  desired.  As 
success  or  failure  may  depend  on  this  ability  to  carry 
in  mind  an  image  of  electrical  possibilities,  it  is  vitally 
important  that  all  electrical  engineers  have  a  good  fun- 
damental understanding  of  the  most  approved  practice, 
based  on  long  experience.  The  solution  of  electrical 
circuit  problems,  while  comparatively  simple  in  the  more 
usual  commercial  forms,  may  become  \ery  complex 
and  necessitate  a  thorough  grounding  in  the  funda- 
mentals of  transformer  action  and  vector  analysis. 

]"Jeven  years  ago  a  series  of  articles  was  published 
ill  the  JouKNAL  on  "Meter  and  Relay  Connections" 
which  proved  to  be  of  great  value  to  our  readers. 
While  the  fundamental  facts  are  still  the  same,  there 
have  been  many  developments  dvn"ing  the  succeeding 
years,  new  apparatus  has  been  designed  and  improved 
methods  of  analysis  have  come  into  general  use.  It 
lias  therefore  been  thought  advisable  to  arrange  for  an- 
other series,  along  somewhat  similar  lines,  written  in 
view  of  the  latest  practice.  The  initial  section  of  this 
series  of  articles,  by  I\Ir.  J-  C.  Group,  appears  in  the 
]>resent  issue  of  the  Journal. 

This  first  section  introduces  the  fundamental  as- 
sumjitions  and  conventional  S3mbols  which  are  used 
throughout  the  series.  To  secure  a  clear  and  easy  un- 
(Iti  standing  of  subsequent  articles,  it  is  essential  that 
author  and  reader  be  in  agreement  as  to  methods  of 
representing  alternating-current  units,  both  in  conven- 
tions as  to  circuits  and  aparatus  details  and  as  to  vector 
diagrams.  .\  standard  method  of  vector  repre- 
sentation is  used,  along  the  general  lines  originally  de- 
scribed in  t,he  Journal  for  September  1907  by  Chas.  H. 
Porter.  This  method  of  notation  is  based  on  marking 
every  junction  and  terminal  on  the  diagram  of  connec- 
tions and  on  the  use  of  two  subscripts  with  every  vector 
of  current  or  electromotive-force,  and  serves  to  tie 
the  connection  and  the  vector  diagrams  together. 
Tt  indicates  not  only  angular  positions  of  the  vectors  hut 
positive  and  negative  directions  as  well. 

In  the  succeeding  sections,  it  is  planned  to  explain 
.'pproved  connections  for  various  combinations  of  single 
and  polyphase  circuits,  with  details  as  to  the  inclusion 
of  suitable  transformers  and  instruments  for  the  meas- 
urement and  control  of  power  under  a  great  variety  of 
conditions.  A.  H.  McIntire 


Lkos  of  tlvD  Chlcaj^O;  .iVdlvvxntkou 


A.  W.  Copley 


THE  electrification  of  the  Puget  Sound  lines  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad,  which 
is  now  being  put  into  operation,  covers  tlie 
Pacific  and  the  Columbia  River  divisions  and  extends 
from  Othello  to  Seattle  and  Tacoma,  Washington.  It 
does  not  connect  with  the  electrification  of  the  Missoula 
and  Rocli}'  Mountain  divisions,  as  there  is  a  gap  of 
about  200  miles  where  steam  operation  is  being  con- 


(four  ultimately)  and  in  order  to  distribute  the  power 
to  the  eight  substations,  a  transmission  line  has  been 
built  by  the  railroad  on  its  right  of  way  from  Taunton 
to  Cedar  Falls,  and  another  from  Renton  to  Tacoma. 
Both  of  these  lines  are  built  with  no  000  volt  construc- 
tion. The  eight  substations  are  located  at  Taunton, 
Doris,  Kittitas,  Cle-Elum,  Hyak,  Cedar  Falls,  Renton, 
and   Tacoma.     At   each   of   these  the   power  is   trans- 


KIG.    I — LOXG    LAKE    PL.^NT    OF    THE    WASHINGTON    WATER   POWER    CO.MPANV 

Having  a  total  capacity  of  65  000  hp.* 


tinned.  The  power  supply  for  the  eastern  lines  (the 
Missoula  and  Rocky  Mountain  Divisions)  is  obtained 
from  the  Montana  Power  Company,  with  its  large  water 
power  developments  on  the  Missouri  and  Clark  Fork 
Rivers.  The  power  supply  for  the  new  electrification  is 
obtained  from  the  Intermountain  Power  Company, 
which  buys  power  from  the  Washington  Water  Power 
Company  and  the  Puget  Sound  Traction  Light  & 
Power  Company.  As  these  companies  have  large  water 
power  developments,  the  entire  electrification  can  be 
said  to  be  operated  without  the  use  of  coal  or  oil  fuel. 

Power     for    the     Pacific     and     Columbia     River 
Divisions  is  delivered  to  the  railroad  at  three  points 


*Figs.  I,  2,  5,  9,  ID  and  13  furnished  through  the  courtesy 
of  the  Stone  &  Webster  Journal,  Boston,  Mass. 


formed  to  2300  volts,  which  is  applied  to  tlie  motors  of 
the  inotor-generator  sets,  3000  volts,  direct  current  be- 
ing obtained  from  the  generators.  Power  is  supplied 
at  this  voltage  to  the  trolley. 

The  railroad  transmission  line  between  Taunton 
and  Cedar  Falls  is  141  miles  long.  It  is  similar  in  its 
construction  to  the  line  which  has  been  in  service  on 
the  Rocky  Mountain  and  Missoula  divisions,  the  prin- 
cipal modification  being  the  fact  that  transpositions,  co- 
ordinated with  those  of  the  neighboring  telephone  lines, 
have  been  introduced,,  in  order  to  reduce  as  far  as 
possible  inductive  interference  from  this  part  of  the 
system.  Single  poles  with  two  cross-arms  are  used. 
The  upper  arm  supports  at  one  end  a  3/8  inch  steel 
ground  wire  and  at  the  other  end  a  00  stranded  copper 
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conductor  with  hemp  core.  The  other  oo  hue  conduc- 
tors are  suspended  from  the  ends  of  the  lower  arm. 
This  gives  a  spacing  of  the  conductors  in  the  form  of  a 
right-angle  triangle  with  a  base  of  lo  ft.  2  inches  and  an 
altitude  of  9  ft.  A  diagram  of  the  high-tension  system 
showing  the  transpositions  is  shown  in  Fig.  8.  There  is 
one  complete  "barrel"  between  Tacoma  and  Renton  (a 
distance  of  about  27  miles)  and  another  between  Renton 


Traction  Light  &  Power  Company  are  entirely  sepa- 
rated and  must  be  synchronized  before  the  sectionaliz- 
ing  circuit  breakers  may  be  closed  again.  Synchrcniz- 
iog  is  accomplished  at  the  substation  at  which  the  line 
has  been  opened.  The  plant  which  will  supply  the 
power  from  the  Washington  Water  Power  Company  is 
located  at  Long  Lake  on  the  Spokane  River.  This  is 
connected  to  feed  the  railroad  transmission  circuit  by 


1\     Al      b.NUi  iliAI.M  II' . 
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and  Snoqualmie  (about  21  miles),  the  ground  wire  be- 
ing changed  from  one  end  of  the  upper  arm  to  the  other 
al  Renton.  Between  Snoqualmie  and  Taunton  tliere 
are  two  transpositions,  one  at  Cedar  Falls  and  another 
at  Kittitas.  These  two  transpositions  affect  only  the 
diagonally  opposite  conductors,  which  are  interchanged 
at  the  transposition  points. 


a  1 10  000  volt,  three-phase  line,  113  miles  long.  This 
line  uses  the  wood  pole  "H"  frame  construction,  giv- 
ing a  horizontal  spacing  of  the  conductors  of  10  ft  6  in. 
Six  suspension  insulators  are  used  for  each  string.  A 
3/8  inch  steel  ground  wire  is  supported  on  the  top*;  of 
the  poles  above  the  transmission  wires  for  lightning 
protection.     The  line  conductor  is  115  500  circ.  mil  7- 


FIG.   3 — MAP  OF  RECENTLY  ELECTRIFIED  SECTION  OF  THE  CHICAGO,  MILWAUKEE  &  ST.   PAUL  RAILROAD 

Showing  location  of  substations  (triangle)  and  hydroelectric  stations  (square)  supplying  power. 


The  1 10  000  volt  line  may  be  sectionalized  at  any 
substation.  At  Taunton,  Kittitas,  Hyak  and  Cedar 
Falls,  sectionalization  is  accomplished  by  the  use  of  oil 
circuit  breakers  provided  with  power  directional  relays, 
so  set  as  to  cut  out  only  the  affected  section  in  case  of  a 
short-circuit  or  ground.  At  Doris  and  Cle-Elum,  horn- 
gap  disconnecting  switches  are  used  for  sectionalization 
and  these  are  non-automatic.  When  the  line  is  opened 
al  any  of  these  stations,  the  power  plants  of  the  Wash- 
ington Water  Power  Company  and  the  Puget  Sound 


strand  copper.  In  the  Long  Lake  plant  there  are  three 
19  500  kv-a.  three-phase,  60  cycle,  4000  volt  generators 
and  three  banks  of  6500  kw,  single-phase,  step  up 
transformers.  These  are  connected  delta-delta  for 
63000  volts  high-tension  or  delta-star  to  give  no  000 
volts.  One  spare  transformer  unit  is  installed.  The 
tie  lines  between  the  other  plants  of  the  Washington 
Water  Power  Company  are  operated  at  63  000  volts, 
but  at  Long  Lake  one  generator  and  bank  of  trans- 
formers are  connected  to  supply  the  no  000  volt  cir- 
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riG.    5 — GATE   HOUSE,  PENSTOCK   AND  TRANSMISSION   LINE  AT 
LONG    LAKE    PLANT 


FIG.   6 — LOCATION    OF    HYDRO-ELECTRIC    SUBSTATIONS   AND   HIGH 
TENSION   TRANSMISSION    LINE 

Of  the  Washington  Water  Power  Company  and  of  the  Inter- 
mountain  Power  Company,  connecting  with  the  Railway 
Company's  transmission   line  at  Taunton. 


noiinlain  Power  Co 
J  ^"  CM^SlPRy 

FIG.    7 — CONNECTIONS  BETWEEN   63  COO  VOLT   SYSTEM    OF   WASHING- 
TON WATER  POWER  COMPANY  AND  THE   I  ID  000  VOLT 
FEEDERS   AT  LONG   LAKE 
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cuit  to  the  railroad.  There  is  a  4000  volt  transfer  bus 
in  the  station  so  that  any  generator  can  be  connected  to 
any  transformer  bank  as  an  insurance  of  continuous 
service.     When  the  generators  are  all  operated  on  the 


SIX  three-phase  transformers  (with  one  spare)  are  in- 
stalled. In  addition  to  these  plants  a  steam  plant  in 
Spokane  can  be  connected  to  the  63  000  volt  system,  but 
ordinarily  it  is  not  so  connected. 
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1  to  2  Slt  2940.00  W  Kent 

2  to  3  Sta-  6*44  Rcnlon  SulKla. 
Renlon  Sulisia   to  4  Sta.  350.00  Near  Coaltiel 

4  to  5  Sta.  740.31  Near  Hich  Point 

5  lo6  Sta.  1090.4.5  At  Snoqualmie 
SnoQualmic  to  Cedar  Falls 
Cedar  Falls 
Kittitj.s  lo  Taunton 
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nission  Line  DistanceS'Meas'd  between  Dead  End  Towers 

Taunton  to  Doris 33.58  Miles 

Doris  to  Kittitas 23.02  Miles 

Kittitas  to  Cle-EIum 31.40  Miles 

Cle-Elum  to  Hyak 23  89  Miles 

Hyak  to  Cedar  Falls    20.75  Miles 

Cedar  Falls  to  Snoqualmie 9  95  Miles 

Snoqualmie  to  Renton 2098  Miles 

Renton  to  Tacoma 27.29  Miles 

Conductors 
Taunton-Cedar  Falls-2/0-6s-Hcmp  Core-Copper 
Snoqualmie-Cedar  Falls-l/o-Hemp Core-Copper 
Snoqualmie-Tacoma-l/o-Hemp  Core-Copper 


FIG.    8 — TR.ANSI'OSITION    SCHE.ME   OF   TIIK    R.MLWAY   COMPANY'S    IIOOOO   VOl.T    SYSTEM 


bus,  ten  percent  reactors  are  connected  between  the  bus 
sections. 

It  is  also  possible  to  supply  the  railroad  transmis- 
sion line  with  power  from  Little  Falls  or  Post  Falls  by 
stepping  down  from  63  000  volts  at  Long  Lake  to  the 
4000  volt  bus  and  then  up  to  no  000  volts  through  the 
regular  generator  transformers.  At  Little  Falls  there 
are  four  generators,  three  of  them  being  rated  at  6250 


At  the  western  end  of  the  electrification,  power  is 
supplied  from  the  plants  of  the  Puget  Sound  Traction 
Light  &  Power  Company,  connections  being  made 
through  a  bank  of  4500  kv-a.  transformers  at  the  In- 
Icrmountain  Power  Company's  substation,  located  at 
Snoqualmie.  One  transmission  line  at  1 10  000  volts 
runs  from  here  to  Cedar  Falls  and  another  from  here  to 
Renton.  These  lines  are  built  with  the  same  construc- 
tion as  used  on  the  railroad  transmission  lines,  except 
that  the  conductor  is  No.  o  stranded  copper,  with  hemp 


FIG.   9— TYPICAL   LINE   CONSTRl'CTION    OF   THE    INTERMOUNTAIN 
POWER   COMPANY 

Telephone  wires  are  carried  on  the  lower  cross  arms, 
kv-a.  and  one  at  6900  kv-a.     These  connect  to  three- 
phase   transformers,    stepping   up   from   4000   volts   to 
63  000  volts  with  grounded  neutral  on  the  high-tension 
side.     At   Post   Falls,   five   2250  kv-a.   generators   and 


FIG.    10 — IlOtXK)  VOLT   RAILWAY  COMPANY   TRANSMISSION   LINE 

At  a  high  point  on  the  line.  This  shows  the  double  arm 
construction  and  the  stranded  steel  ground  wire  on  the  left 
end  of  the  upper  cross  arm. 

core.  Eventually  power  will  also  be  supplied  directly 
tu  the  Tacoma  substation  but,  at  present,  power  for  this 
station  comes  from  Renton  over  the  railroad  trans- 
mission line. 
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The  power  which  can  be  supphed  to  the  feeders  at 
Snoquahnie  consists  of  the  Snoqualmie  plant,  with 
18000  kw  capacity,  the  White  River  plant  with  52000 
kw,  the  Electron  plant  with  14  000  kw,  together  with 
the  steam  plants  in  the  City  of  Seattle.     At  times,  how- 


[I — LOCATION     OK     HYDRO-ELECTRIC    SUBSTATIONS     AND     HIGH- 
TENSION    TRANSMISSION    LINES    OF    THE    PUGET    SOUND 
TRACTION,   LIGHT   AND   POWER   COMPANY'S    SYSTEM 


ever,  it  is  expected  that  power  will  be  fed  in  the  re- 
verse direction  over  the  Cedar  Falls  feeder,  with  the 
Washington  Water  Power  Company  supplying  some  of 
the  Puget  Sound  Traction  Light  &  Power  Company's 
lead  over  the  Railroad  company's  transmission  line. 

r-Oi- 


FIG.    12 — CONNECTIONS   BETWEEN    THE   55  000   VOLT    SYSTEM    OF   THE 

PUGET    SOUND    TRACTION,    LIGHT    &    POWER    COMPANY    AND    THE 

1 10  000    VOLT    FEEDERS    AT    SNOQUALMIE 

At  Tacoma  and  Renton  substations  the  trans- 
formers are  arranged  for  operation  at  either  55  000  or 
1 10  000  volts.  A  power  tap  is  provided  at  Tacoma 
which  can,  for  emergency  service,  be  connected  to  the 
55  000  volt  system  of  the  Puget  Sound  Traction  Light 
&    Power  Company  at  that  point.     This  provide;    for 


power  in  an  emergency,  if  the  no  000  volt  transmission 
from  Snoqualmie  should  be  out  of  commission. 

While  this  transmission  line  is  nominally  rated  at 
1 10  000  volts,  and  the  Long  Lake  transformer  is  con- 


FIG.    13 — SPECIAL    CONSTRUCTION    OF    THE    IIO  OOO    VOLT    RAILWAY- 
COMPANY    TRAXS.MISSION    LINE 

At  an  angle-  point,  having  a  span  of  675  feet. 

nected  for  no  000  volts,  the  transformers  at  Snoqualmie 
are  connected  for  95  000  volts.  This  holds  up  the 
power-factor  at  Long  Lake  at  times  when   no  load  is 


¥\V,.    14 — I  10  000    \OLT    POLE    TOP    SWITCH    .\T    TArXTiiX 

taken  by  the  .Snoqualmie  plant.  When  only  the  trans- 
mission line  is  connected  to  the  Long  Lake  plant,  the 
h.igh-tension  voltage  there  is  115  000,  and  at  the 
Snoqualmie  end  of  the  line  it  is  128000,  the  potential 
rise  being  caused  by  the  line  charging  current.  Clos- 
ing the  switch  to  connect  the  transmission  line  to  the 
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95  ooo  volt  taps  on  the  Snoqualniie  transformers,  gives 
lOi  ooo  volts  at  Snoqualmie.  If  Snoqualniie  takes 
loooo  kw  from  Long  Lake,  the  voltage  at  Snoqualmie 
drops  to  99  ooo  volts. 

The  substation  equipments  include  2500  kv-a.  step- 
down  transformers,  and  2000  kw  motor-generator  sets, 


Equipment  for  the  substations  is  being  supplied  by 
the  Westinghouse  Electric  &  Mfg.  Company  and  the 
General  Electric  Company.  Each  of  these  companies 
has  taken  special  precautions  to  guard  against  the  oc- 
currence of  flash-overs  on  the  direct-current  generators 
at  times  of  short-circuit  on  the  3000  volt  system.     The 


__  «,^-r/  / 


FIG.    J5 — SUBSTATION    NO.   2^ 


each  set  consisting  of  a  2300  volt,  three-phase,  60  cycle 
synchronous  motor  driving  two  1500  volt,  direct-current 
generators,  which  are  connected  in  series  to  obtain  3000 
volts.     Initially    each    substation    contains    two    trans- 


substations  whose  equipment  is  supplied  by  the  General 
Electric  Company  are  provided  with  high-speed  circuit 
breakers  with  a  view  to  opening  the  circuit  before  the 
current  has  had  opportunity  to  build  up.     The  machines 


FIG.    16 — VIEW  OF    KITTITAS   SI'BSTATION,  TROI.I.F.Y   CONSTRUCTION,   TRANSMISSION    LIKE    ANP   COMPANY    RESIDENCES 


former  and  motor-generator  set  units,  except  at  Cle- 
Elum  and  Renton,  where  only  one  set  is  installed  at 
present.  Provision  is  made  foi  additional  units  at 
these  stations  and  also  at  Doris,  Kittitas.  Hyak  and 
Cedar  Falls. 


furnished  by  the  Westinghouse  Company  are  protected 
by  the  "flash  suppressor",  a  device  developed  especially 
for  this  electrification.  It  has  been  proven  in  service 
and  has  been  found  to  meet  fully  the  requirements. 
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The  contract  between  the  Intermountain  Power 
Company  and  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
road specifies  that  the  total  demand  of  the  Railway 
Company  must  not  exceed  a  stated  amount  when  in- 
tegrated over  a  period  of  five  minutes,  and  that  the 
power  payment  be  based  upon  this  amount,  with  a  maxi- 
mum load  factor  of  60  percent.  For  instance,  if  the 
denominated  maximum  is  10  000  kw,  the  Railway  Com- 
pany will  pay  for  6000  kw  integrated  over  the  month, 
whether  this  amount  is  used  or  not,  and  for  amounts  in 
excess  of  6000  kw  will  pay  at  the  same  rate  per  kw-hr. 
This  requirement  gives  the  Railway  Company  the  bene- 
fits in  cost  of  power  generation  that  accrue  because  of 
high  load  factor.  In  order  to  meet  the  conditions  of 
the  contract  it  becomes  necessary  to  totalize  at  every 


instant  the  whole  load  being  taken  into  the  railway  sys- 
tem at  the  substations  located  at  Taunton,  Cedar  Falls, 
Renton  and  eventually  Tacoma.  This  load  must  be 
totalized  in  such  manner  that  it  can  be  measured  by  a 
maximum  demand  meter  with  a  five  minute  interval,  as 
well  as  indicated  and  recorded.  Also,  in  order  to  pre- 
vent the  peaks  of  load  usual  to  railway  service  from 
penalizing  the  road  in  additional  power  cost,  the  voltage 
generated  at  the  substations  is  reduced  automatically 
when  the  total  load  reaches  such  proportions  that  the 
nominated  maximum  demand  is  in  danger  of  being  ex- 
ceeded. The  result  is  a  smoothing  out  of  the  load 
curve  of  the  system  by  slowing  down  trains  during  the 
peak  and  spreading  some  of  this  load  over  the  valleys 
cf  the  curve. 


Traii^fomior  J. q ( ^m out 

For  iiin  cVnica';;©,  iVllly/aitkee  <'^'.  .SL  Pa'd  Ktistallai-.ion 


Walter  M.  Dann 


THE  motor-generator  sets  that  supply  direct-cur- 
rent to  the  Chicago,  Milwaukee  &  St.  Paul  loco- 
motives are  connected  to  the  100  000  volt  alter- 
nating-current lines  through  three-phase  substation 
transformers,  having  a  rating  of  2500  kv-a.  Each  mo- 
tor-generator set,  with  its  motor  rated  at  2420  kv-a.,  is 


the  features  that  marks  the  installation  as  being  different 
from  many  recent  installations  is  the  form  of  the  case. 
Instead  of  being  provided  with  external  radiators,  as 
most  large  self-cooling  transformers  now  are,  the  oil 
circulates  and  is  cooled  through  a  large  number  of  ex- 
ternal tubes,  extending  from  the  top  to  the  bottom  of  the 
case.     This  form  of  self-cooling  case  is  very  rugged  and 


FIG.    I — 25  000    KV-A.    OIL    INSULATED    SELF-COOLING    TRANSFORMER 

fed  by  its  own  three-phase  transformer,  making  a  com- 
plete transforming  unit  from  the  high-voltage  alternat- 
ing-current lines  to  the  3000  volt  direct-current  circuits. 
These  substation  transformers  are  self-cooling,  i.e., 
they  dissipate  the  heat  due  to  tl  eir  losses  without  de- 
pending upon  circulated  water  or  forced  air.     One  of 


FIG.   2 — GROUP    OF    TRANSFORMERS    INSTALLED    IN    THE   DORIS 
SUBSTATION 

substantial,  and  quite  efficient  in  its  heat  dissipating 
qualities.  It  is  more  expensive  than  the  radiator  type 
case  but  it  is  compact,  and  requires  considerably  less 
floor  space.  In  these  substations,  the  use  of  the  tubular 
tanks  resulted  in  savings  in  the  cost  of  the  buildings 
which  offset  the  extra  cost  of  the  transformers. 
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Railway  electrification  service  makes  certain  de- 
mands on  the  apparatus  which  are  quite  different  from 
the  service  requirements  for  the  usual  power  trans- 
former installation.  Starting  and  accelerating  the  lo- 
comotives and  the  movement  of  trains  toward  and  away 
from  the  points  from  which  the  power  is  fed  produce 
great  fluctuations  of  loading  at  those  points.  In  order 
to  provide  adequate  capacity  for  these  fluctuations,  the 
Chicago,  Milwaukee  &  St.  Paul  transformers  are  re- 
quired to  carry  their  full  loads  continuously  with  rise  of 
temperature  not  exceeding  40  degrees  C,  followed  by 
150  percent  load  for  two  hours  without  exceeding  a  rise 
of  60  degrees  C.  In  order  to  take  care  of  short-;ime 
swings  of  greater  magnitude,  they  are  also  required  to 
carry  3{»  percent  load  for  five  minutes,  following  the 
150  percent  load  condition,  without  reaching  a  danger- 
ous temperature.  The  motor-generator  sets,  of  course, 
have  corresponding  overload  capacities. 


careful  design  of  the  apparatus  is  the  likelihood  of  more 
frequent  short-circuits  than  in  the  case  of  the  ordinary 
power  house  or  substation.  A  decade  or  so  ago,  the  mag- 
nitudes of  the  mechanical  forces  that  develop  in  trans- 
former windings  at  the  time  of  short-circuit  were  not 
as  fully  comprehended  as  they  are  at  the  present  time. 
Now,  it  is  very  generally  recognized  that  the}'  may  be- 
come tremendous,  and  a  transformer  designed  without 
regard  to  the  size  of  the  forces  and  the  direction?  in 
which  they  act  would  not  last  long  on  a  present-day 
system  where  heavy  short-circuits  may  occur  frequently. 
These  substation  transformers,  one  of  which  is 
shown  out  of  its  case  in  Fig.  4,  were  designed  with 
particular  regard  to  the  mechanical  stresses  that  develop 
on  short-circuit.  The  shell  form  of  construction  was 
used.  By  the  arrangement  of  the  coils  and  the  number 
of  turns  in  the  coils,  the  forces  of  repulsion  between  the 
primary  and  secondary  coils  due  to  the  ampere-turns  of 


FIG.   3 — SECTION   THROUGH    .\    GROUP   OF    HIGH-VOLTAGK   COII.S 

Showing  the  spacing  .strips  and  oil  ducts. 

The  heat  developed  in  the  windings  at  300  percent 
load  is  nine  times  as  great  as  at  full  load.  A  consider- 
ably quickened  flow  of  oil  becomes  necessary  to  carry 
away  the  heat  generated  under  such  conditions.  Ac- 
cordingly, the  coils  must  be  interspersed  with  numerous 
ducts  of  ample  size  to  allow  the  oil  to  circulate  with  the 
least  possible  interference,  and  in  that  way  maintain,  as 
closely  as  possible,  an  even  temperature  throughout  the 
windings.  This  is  important  to  a  high  degree  in  trans- 
formers for  railway  electrification.  Fig.  3  illustrates 
how  the  oil  ducts  are  formed  by  means  of  curved  spac- 
ing strips  which  separate  the  coils  and  leave  oil  duct 
spaces  between  them.  The  oil  flows  upward  in  the 
natural  direction  over  the  faces  of  the  coils  with  very 
little  hindrance,  and  the  curved  ducts  make  it  possible 
for  it  to  come  into  contact  with  all  of  the  conductors  of 
the  coils. 

Another  phase  of  railway  service  which  calls  for 


I-l<;.    4 — IKANSFDRMKK    (JUT    OF    TrS    CASE 

tl-.e  windings  under  normal  full-load  conditions  were 
kept  very  low.  Consequently,  these  forces  under  short- 
circuit  conditions  are  very  much  smaller  than  usual  in 
power  transformers,  notwithstanding  the  fact  that  they 
increase  with  the  square  of  the  current.  The  steel  piates 
at  the  tops  and  bottoms  of  the  coils,  which  brace  them 
against  the  forces  tending  to  separate  the  primary  and 
secondary  coils,  are  comparatively  light  because  of  the 
small  active  forces.  The  impedance  of  the  system  be- 
tween the  transformers  and  the  generators,  including 
the  generator  impedance,  naturally  protects  the  trans- 
formers at  times  of  short-circuit,  by  reducing  the 
amount  of  current  that  can  flow.  However,  the  mechani- 
cal forces  in  these  substation  units  are  so  small  that 
they  would  wrthstand  short-circuits  if  they  were  directly 
connected  to  a  generating  system  having  no  impedance; 
i.e..  a  generating  system  of  infinite  capacity. 

The  high-voltage  windings  of  the  transformers  are 
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connected  in  star  and  are  designed  for  a  line  voltage  of 
102  000  volts.  Two  taps  in  this  winding  allow  full  out- 
put from  the  low  voltage  windings  at  full  voltage  if  the 
line  voltage  drops  5  to  10  percent.  The  conductors  of 
the  high  voltage  coils  next  to  the  line  leads  and  next  to 
the  neutral  point  are  extra  heavily  insulated  to  guard 
against  damage  from  line  surges,  and  the  taps  are  placed 
in  the  middle  of  the  winding  for  the  same  reason.  The 
high  voltage  windings  received  the  standard  A.  I.  E.  E. 
insulation  test  of  205  000  volts  for  one  minute.  The 
high  voltage  bushings,  which  are  of  the  well-known  con- 
denser type,  received  a  test  of  300,000  volts  for  one 
minute.  Fig.  i  shows  that  these  bushings  are  quite 
small    and    compact    for    the    voltages    involved.     The 


WESTINGHOUSE 

&     MFG.    CO. 

THREE  PHASE  TRANSFORMER 

:  OIL  INSULATED  SELF  COOLED 


FIG.    5 — TRANSFORMER    N.\ME    PLATF, 

Showing  coiiiiLCtioiis  and  location  of  taps. 

design  of  this  type  of  bushing,  with  its  concentric  con- 
densers, is  based  on  mathematically  correct  principles, 
which  produce  a  practically  uniform  gradation  of  stress 
from  the  inner  conductor  to  the  outer  surface. 

The  low-voltage  windings  are  designed  for  2300  volts 
and  are  connected  in  delta.  The  motor-generator  sets 
are  started  at  half  normal  voltage,  obtained  from  one 
corner  of  the  delta  and  half  voltage  taps  in  two  of  the 


phases.  Fig.  5  shows  one  of  the  nameplates  such  as  is 
mounted  on  each  transformer.  This  plate  shows  the 
development  of  the  windings  and  the  connections  be- 
tween phases,  as  well  as  the  ratios  of  transformation,  so 
that  detailed  information  regarding  the  interior  ar- 
rangement of  the  transformer  windings  will  always  be 
available.  The  instrument  mounted  near  the  name- 
plate  in  Fig.  I  is  a  dial  type  thermometer  which  in- 
dicates the  temperature  of  the  oil.  Its  bulb,  which  is 
placed  in  the  hottest  oil  at  the  top  of  the  case,  is  con- 
nected to  the  instrument  through  the  tubing  shown  in 
the  illustration. 

Arrangements  have  been  made  in  the  substations  to 
store  the  oil  froin  the  transformers  when  it  becomes 
desirable  to  remove  it  for  any  reason.  A  storage  tank  is 
placed  under  the  floor  level  below  each  of  the  two  trans- 
formers in  the  Doris,  Kittitas  and  Taunton  substations, 
as  shown  in  Fig.  6.     The  storage  tanks  are  connected 


KIG.    6 — ARRAXGE.MENT  OF  OIL  TANKS  FOR  EMPTYING  TRANSFORMERS 

together  by  piping  and  have  a  combined  capacity  of 
3600  gallons.  They  are  intended  to  provide  storage 
capacity  with  ample  margin  for  either  transformer  but 
not  for  both.  Each  transformer  tank  contains  2800 
gallons  of  oil.  The  oil  can  be  pumped  from  the  stor- 
age tanks  into  the  transformer  tanks  through  a  filter 
press. 

There  are  no  cranes  above  the  transformers  in 
these  substations.  When  a  transformer  is  to  be  re- 
moved from  its  tank,  it  is  rolled  from  position  on  its 
own  wheels  onto  a  truck  which  runs  on  rails  placed  at 
right  angles  with  the  transformer  rails.  The  truck  is 
then  moved  along  these  rails  to  the  end  of  the  room 
where  an  overhead  crane  is  available  for  untanking  the 
transformer. 


3000  Vole  iVlocoi'-Ooiioracoi'  CSoi:s 
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BETWEEN  the  water  falls,  which  supply  power 
to  the  great  system  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railroad,  and  the  electric  locomotives 
which  use  this  power  in  the  moving  of  trains,  there  is 
no  more  important  link  than  the  motor-generator  sets. 
Distributed  as  they  are  in  suitable  substations  along  the 
right-of-way,  the  motor-generator  sets  receive  three- 
phase  power  at  2300  volts  and  deliver  direct-current 
power  to  the  electric  locomotives  at  3000  volts.  The 
reverse  is  also  automatically  accomplished ;  that  is, 
through  the  motor-generator  sets  direct-current  power 
may  be  converted  into  alternating-current  power  when, 
on    account   of   trains   going   down   grade,    it   becomes 


These  sets  were  designed  to  meet  very  rigorous 
specifications  in  conjunction  with  a  number  of  special 
conditions  which  minimize  losses  and  insure  high 
efficiencies.  While  the  set  rating  is  only  2000  kw,  the 
specifications  require  a  capacity  of  3000  kw,  for  two 
hours  without  exceeding  55  degrees  C.  rise  and  6000 
kw  output  for  five  minutes  thereafter  with  safe  tem- 
peratures. An  examination  of  the  heating  data  given 
in  Table  I  will  show  considerable  margin  in  capacity. 

The  synchronous  motor  of  these  sets  is  made  with 
;i  very  liberal  capacity  in  the  fields,  in  order  that  a 
high  power-factor  may  be  maintained  over  a  wide  range 
of  load.     Each  motor  is  supplied  with  a  special  exciter. 


FIG.    I^THRKL   .MACHINE    MOlOU-GENtKATOR   SET   INSTALLED   IN  THE   KITTITAS    SUI'.STATION    Of    U1I-,    CHKAGu,    MILWAUKEE   ft 

ST.    I'AUL   RAILROAD 

Rated  at  6000  kw  output   for  five  minutes.     Maximum   momcntar>'  output  13  000  kw. 


necessary  to  brake  them  instead  of  pull  tliem.  At  such 
times,  the  motors  on  the  locomotives  become  generators, 
receiving  mechanical  energy  due  to  the  coasting  action 
of  the  train;  thus  the  electric  locomotive  serves  as  a 
brake  and  the  power  instead  of  being  wasted  in  me- 
chanical friction  is  delivered  at  approximately  3000 
volts,  to  the  generators  of  the  motor  generator  sets, 
through  which  it  is  converted  into  alternating-current 
power  and  fed  back  into  the  system. 

Each  motor-generator  set  consists  of  a  2800  horse- 
power, three-phase,  sixty  cycle,  2300  volt,  514  r.p.m. 
synchronous  motor  which  drives  two  direct-current, 
1500  volt,  shunt- wound,  commutating-pole,  compen- 
sated generators,  the  armatures  of  which  are  con- 
nected in  series  to  give  3000  volts.  The  motor  is 
located  between  the  two  generators  as  shown  in  Fig.  i, 
making  a  three  machine  set  with  two  exciters,  one  for 
the  motor  and  one  for  the  generators. 


equipped  with  suitable  field  windings  so  that  the  de- 
sired power- factor  is  automatically  obtained  at  all  loads, 
both  for  motor  and  generator  action.  The  motor  is 
built  entirely  open  and  is  sufiiciently  liberal  in  design  to 
operate  within  the  temperature  guarantee  without  the 
use  of  fans,  thus  minimizing  windage  losses  and  im- 
proving efficiency.  This  fact,  taken  in  conjunction 
with  the  special  method  of  reducing  the  windage  losses 
on  the  generators,  enables  the  set  to  work  at  all  times 
with  a  minimum  of  windage  losses.  The  arrangement 
on  the  direct-current  generators  for  reducing  the  wind- 
age is  accomplished  by  building  the  machines  partially 
enclosed,  as  shown  in  Fig.  2,  with  very  little  natural 
viindage  and  provided  with  a  separate  blower,  which 
operates  only  when  the  generators  are  carrying  such 
loads  as  to  require  ventilation.  As  the  two  gen- 
erators are  always  in  series  and  carry  equal  loads  they 
will  always  be  at  approximately  the  same  temperature. 
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hence  one  blower  only  is  necessary  per  set.  Each 
blower  is  automatically  started  and  stopped  by  the  ac- 
tion of  a  resistance  coil,  which  is  taped-up  with  a  series 
conductor  of  one  of  the  generators  in  such  a  manner 
that  the  temperature  of  the  resistance  coil  will  always 
be  approximately  the  same  as  that  of  the  armature. 

The  success  of  high-voltage,  direct-cur- 
rent equipment  may  be  said  to  hinge  about 
commutation.  Consequently  in  the  design  of 
these  generators,  great  care  was  exercised  to 
embody  every  feature  which  would  assist  in 
the  obtaining  of  inherently  good  commutating 
characteristics.  In  the  proper  selection  of 
these  features  rests  the  success  of  the  design. 

The  voltage  characteristics  of  these  gen- 
erators from  zero  current  to  twenty  times 
full-load  current  are  shown  in  Fig.  3.  This 
curve  was  plotted  from  a  complete  series  of 
oscillograph  tests.  Each  point  on  the  curve 
is  taken  from  an  oscillograph  record,  up  to  and 
including  the  point  for  twenty  times  full-load  current, 


that  it  is  possible  to  impose  upon  these  generators. 
The  oscillograph  shown  in  Fig.  4  shows  some  interest- 
ing facts.  From  the  moment  of  short-circuit,  the  cur- 
rent increased  at  the  rate  of  about  1250  amperes  per 
thousandth  of  a  second,  reaching  5000  amperes  in 
0.004  sec,  10  000  amperes  in  o.oio  sec.  and  a  final  cur- 
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FIG.    3 — DIRECT-CURRENT    TERMINAL    VOLTAGE    CHARACTERISTICS 

From  zero  current  to  20  times  full  load  current. 

rent  of  13000  amperes  in  about  0.020  sec.  The  cur- 
rent remained  at  13  000  amperes  for  about  0.045  sec. 
when  the  opening  of  the  circuit  breaker  began  to  re- 
duce it;  the  circuit  being  completely  opened  in  one 
tenth  of  a  second  from  the  time  of  closing.  The  effect 
of  the  armature  current  upon  the  shunt  field  current 

TABLE  II— EFFICIENCIES  OF  MOTOR  GENERATOR 
SETS 


FIG.    2 — DIRECT-CURRENT   GENERATOR 

With  upper  half  of  rear  end  bell  removed. 

which  is  the  maximum  current  obtainable  on  short-cir- 
cuit. These  short-circuit  tests  were  made  with  the 
direct-current  circuit  grounded  on  the  low-voltage  side 
and  with  only  a  slow  speed  circuit  breaker  on  the  l>igh- 
voltage  side  to  open  the  circuit. 

That  these  machines  successfully  withstood  a  di- 
rect short-circuit  without  bucking  is  shown  by  Fig.  4. 
When  making  this  test,   the   generators,   operating  at 

.      TABLE  I— ARMATURE  TEMPERATURE  RISES  IN 
DEGREES  C. 


Percent  Load 

100 

125 

150 

Without  blower   

28 

245 

35 

40.5 

56.5 
47-5 
55 

Guarantees  with  blower   . . 

3000  volts,  were  short-circuited  with  no  resistance  in 
the  external  circuit,  except  the  necessary  connections 
and   circuit  breaker;   representing  the   greatest   shock 


Percent  Load 

50 

75 

100 

150 

Test  efficiency  

Guaranteed    efficiency    . . 

89.5 
88.9 

91.9 
91.3 

92.9 
92.4 

93-4 
93-4 

and  also  on  the  external  voltage  is  readily  observable 
from  the  curve.  The  external  voltage  drops  to  zero 
when  the  short-circuit  is  applied  and  as  tlie  circuit 
opens,  the  external  voltage  builds  up,  momeniarily 
reaching  a  voltage  somewhat  higher  than  normal. 

Fig.  5  is  added  as  a  matter  of  interest  to  show 
the  performance  of  the  generators  when  short-circuited 
on  a  resistance  such  as  to  give  approximately  eleven 
t'mes  full-load  current.  A  steady  current  of  about 
7200  amperes  and  a  steady  voltage  of  1850  volts,  or  a 
true  output  of   13000  kw  was  maintained  for  a  frac- 


FIG.   4 — OSCILLOGHj\M    OF    SHORT-CIRCUIT    TESTS    AT    3OOO    VOLTS 

The  current  reached  twenty  times  normal  without  bucking. 
tion  of  a  second,  or  until  the  circuit  breaker  opened  the 
circuit,  restoring  the  no-load  conditions.  This  par- 
ticular point  represents  the  maximum  kw  output  of  the 
set  as,  with  any  less  external  lesistance,  the  external 
voltage  drops  more  rapidly  than  the  current  increases, 
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yll  for  a  given  initial  condition  of  3000  volts  at  no  load. 
The  machine  withstood  this  test  without  cither  the 
radial  or  the  outer  flash-guards. 

While  all  the  above  description  and  tests  apply  to 
these  machines  as  normal,  shunt  wound  generators,  a 
further  protective  device  for  commutating  machines, 
which  has  been  recently  worked  out,  has  been  supplied 
with  these  motor-generator  sees.  Everyone  familiar 
with  railway  generating  machinery  has  realized  th-;  de- 
sirability of  some  means  of  nullifying  the  voltage  on 
the  commutator  of  a  direct-current  m;ichinc  when  ?uch 


FlL,.    f,     (  I0-7.SI  >  — "M  n.i.iKiKAM     OF    .SHUK 1 -CIKCU IT    TKSl    AT 
MAXIMUM     FOSSim.E    LOAD 

Showing  a  true  kilowatt  output  of  13000  kw. 

Fir,.    6      (0-758)— DIRECT-CURRENT     MACHINE     SHORT-CIRCUITED     ON 

THE    ALTERNATING-CURRENT    SIDE    ONLY 
FIG.    7     (0-764) — MACHINK    SHORT-CIRCUITED   ON    BOTH    THE  DIRECT 

AND  ALTERNATING   SIDES   SIMULTANEOUSLY 
FIG.    8     (0-757) — MACHINI;    SHORT-CIRCUITED    ON    THE    DIRECT-CUR- 
RENT   SIDE    WITH    THE    ALTERNATING    SIDE    SHORT    CIRCUITED 
0.022   SECONDS   LATER 

conditions  arise  as  might  cause  flashing.  To  this  end 
a  "flash  suppressor"  has  been  designed.  This  suppressor 
is  simple  and  effective,  and  gives  a  protection  to  tlie 
generators  which,  regardless  of  how  good  the  gener- 
ators may  be  inherently,  is  in  harmony  with  a  safe  and 
sane  policy  of  supplyinj,'  the  maximum  possible  pro- 
tection against  break-down  or  failure  of  the  apparatus. 
This  protection  consists  of  equipping  the  direct- 
current  generators  with  three-phase  collector  rings  and 
providing  means  for  short-circuiting  these  rings,  thus 
establishing  currents  inside  the  armature  windings,  ab- 


sorbing the  voltages  generated  and  thereby  relieving  the 
commutators  and  brushes  of  the  short-circuited  cur- 
rents which  they  would  otherwise  carry. 

This  action  can  best  be  followed  by  an  examination 
of  oscillograph  records  showing  various  conditions  of 
operation.  Fig.  6  shows  the  currents  produced  bv 
short-circuiting  the  alternating-current  rings  only.  Fig. 
7  shows  the  results  of  short-circuiting  the  machine  at 
both  the  direct-current  and  alternating-current  end 
simultaneously,  while  Fig.  8  shows  the  effect  of  delay- 
ing the  alternating-current  short-circuiting  0.022  sec- 
ends  after  the  instant  of  direct-current  short-circuiting. 
Fig.  9  is  a  photograph  of  this  machine  taken  at  the 
time  of  the  above  described  short-circuit.     That  is,  the 


FIG.   9 — COMMUTATION    UNDER    DEAD    SHORT-CIRCUIT 

As  shown  by  oscillogram  in   Fig.  8. 

machine  is  shown  under  the  stress  of  a  dead  short-cir- 
cuit, the  direct-current  reaching  13000  amperes,  when 
the  machine  is  automatically  short-circuited  on  the 
alternating-current  side,  the  internal  reactions  quickly 
reducing  the  external  current  to  zero,  thus  relieving  the 
commutator  and  the  commutator  brushes  of  all  loaas  or 
stresses. 

For  the  purpose  of  obtaining  engineering  data, 
these  and  similar  tests  have  been  imposed  on  these 
generators  time  and  again,  until  it  can  be  said  that  on 
one  of  these  sets,  hundreds  of  short-circuit  tests  have 
t^een  made,  and  in  no  case  has  it  ever  been  necessary 
to  replace  either  a  brush  or  a  brush-holder.  These  ma- 
chines have  successfully  withstood  the  severest  short- 
circuit  tests  possible  and  notwithstanding  their  high- 
voltage  and  the  acknowledged  difliculties  of  making 
such  machines,  they  have  performed  in  a  manner 
hitherto  considered  impossible. 

In   calling  attention   to  the   performance  of  these 
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generators  it  is  advisable  to  emphasize  the  fact  thai  no 
expense  was  spared  in  incorporating  every  feature 
favorable  to  the  best  performance.  Furthermore,  it 
may  be  stated  that,  in  direct-current  machinery  as 
v/ell  as  in  many  other  classes  of  machinery,  there  are 


certain  ratings,  i.  e.,  certain  combinations  of  kilowatts, 
voltages  and  speed  for  which  the  best  performances 
are  possible.  Such  ratings  are  the  exception  rather 
than  the  rule  and  they  are  looked  upon  as  examples  of 
special  merit. 


Siib^tni:io:ii  ^v7iU:hmg  'Cqaipiivmii 

Of  l\\\i  CA\\cA\Y,o,  iMil-v/a'ik'OG  ?'.  St.  Pa«l  Rmkoad 


C.  M.  Mc 

THE  SWITCHING  equipment  in  the  various  sub- 
stations of  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  is  not  materially  different  from  switch- 
ing equipment  to  be  found  in  other  railway  substations, 
save  that  naturally  greater  precautions  have  been  taken 
on  account  of  the  extreme  importance  of  main  line  ser- 
vice and  the  high  voltages  and  large  powers  involved 
in  this  installation. 

The  various  substation  buildings  are  of  the  same 
general  design,  with  a  high  tension  room  and  a  motor- 
generator  room  separated  by  a  wall.     The  main  switch- 


L.  Moss 

tension  side  of  the  transformers  supplying  power  ^o  the 
synchronous  motor,  and  also  the  motor  panel  is  siiown 
in  Fig.  2. 

C)n  the  other  side  of  this  wall  are  located  the  light- 
nmg  arresters,  transformers  and  oil  circuit  breakers. 
'J  hese  would  ordinarily  be  mounted  outdoors,  but  as  it 
was  the  desire  of  the  Railway  Company  to  standardize 
their  stations  in  so  far  as  possible,  all  this  equipment  was 
installed  indoors  to  harmonize  with  existing  equipment 
in  the  older  stations.  l"ig.  3  gives  some  idea  ol:  the 
General  appearance  of  iliis  high-tension  room,  showing 


KIi;.     1  —  MOTOK-I 

Showing  main   3000   volt   direct-current   sw 

board  is  at  the  end  of  the  motor-generator  room,  while 
the  various  panels  controlling  the  incoming  lines,  syn- 
chronous motors,  transformers  for  synchronous  motors, 
etc.  are  located  in  the  wall  between  the  motor-generator 
room  and  the  high-tension  room.  The  3000  volt  direct- 
current  breakers  and  the  4400  volt  signal  switching 
equipment  are  mounted  in  the  gallery  above  the  main 
switch  board,  as  shown  for  one  of  the  substations  in 
Fig.  I,  where  the  switchboard  is  at  the  end  of  the  room, 
beyond  the  motor-generator  sets  with  the  gallery  equip- 
ment above  the  switchboard.  To  the  left  is  shown  the 
motor  panel  set  in  the  wall,  with  the  motor  rheostat 
mounted  directly  above.  The  panel  for  control  of  the 
auxiliary  power,  the  panel  for  the  control  of  the  high 


-.EXERATOR    ROOM 

itchboard  and  .inxiliai\  >.uitihing  equipment, 
the  hand  operated  oil  circuit  breakers  and  disconnect- 
iiig  switches;  choke  coils  are  installed  in  each  trans- 
former circuit  and  are  shown  at  the  upper  right.  At 
the  left,  behind  the  transformers,  are  shown  the  light- 
ning arrester  tanks.  Fig.  4,  the  horn  gaps  being  mounted 
on  the  roof.  On  the  right  hand  side  of  Fig.  3  is  the  rear 
of  a  motor  panel,  with  the  field  switch  mounted  on  the 
wall  above  the  panel ;  also  the  back  of  the  auxiliary  panel 
vvith  the  2300  volt  disconnecting  switches  and  short 
2300  volt  bus-bars  above  the  panel.  Fig.  5  shows  the 
condenser  type  roof  bushings  and  the  horn  gaps  for 
the  lightning  arresters. 

The  typical  arrangement  of  the  stations  can  best  be 
understood  by  considering  a   station   as  a   tap  on  the 
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iioooo  volt  line,  this  line  being  sectionalized  at  each 
station,  that  is  to  say,  the  line  comes  into  the  station 
through   IIOOOO  volt,  hand-operated,  remote-mechani- 


FIG.   2 — TRANSFORMEK    AND    MOTOR    CONTROL   PANELS 

cally-controUed  oil  circuit  breakers,  and  from  thence 
passes  to  the  station  bus ;  leaves  the  station  bus  through 
another  similar  oil  circuit  breaker  and  goes  out  to  the 
line;  lightning  arresters  being  connected  to  the  station 
bus  in  each  station. 

For  each  motor-generator  set  a  three-phase  trans- 
former is   connected   to   the   station    iioooo   volt   bus 


FIG.    3 — HIGH-TENSION    ROOM 


breakers  mounted  beneath  the  motor-generator  room 
floor  and  controlled  from  the  motor  panel  set  in  the  wail 
between  the  motor-generator  room  and  the  high  tension 
room.  These  circuit  breakers  are  mounted  in  com- 
partments and  the  arrangement  can  be  seen  in  Fig.  7, 
which  shows  the  cell  doors  removed  so  that  a  good  idea 
can  be  secured  of  the  ruggedness  of  the  switches  for 
this  important  purpose. 

The  entire  control  of  the  synchronous  motor  is,  in 
each  case,  from  the  synchronous  motor  panel  set  in  the 
wall,  including  the  control  of  the  motor  field  and  the 
field  of  the  exciter  for  the  synchronous  motor.  From 
the  direct-current  end  of  the  motor-generator  set  ground 
leads  run  thn)us;h  a  reactance  coil  to  tlie  ground  bus, 


through  choke  coils,  disconnecting  switches  and  oil  cir- 
cuit breaker.  Leads  pass  from  the  low  tension  side  of 
this   transformer   to   the   starting  and    running   circuit 


FIG.    4 — 115000    VOLT    LIGHTNING    ARRESTERS 

Vv'hich  runs  along  underneath  the  motor-generator  floor, 
connecting  to  each  machine  and  thence  to  the  rail.  The 
positive  lead  from  the  motor-generator  set  and  the  vari- 
ous field  leads  and  generator  exciter  leads  run  over  to 
the  main  direct-current  board.  Fig.  6.  This  board  is 
divided  into  two  parts,  one  the  control  and  instrument 
section  including  all  low  voltage  circuits,  and  the  oiher 
the  circuit  breaker  section  mounted  in  tlie  gallery  im- 
mediately above  the  panel  so  as  to  preclude  the  possi- 
lulity  of  injury  to  the  operator  under  any  normal  op- 
nation.  Great  care  is  taken  to  secure  ample  insulation 
of  all  apparatus  on  the  switchboard  and  to  this  end  the 
ammeters,  which  necessarily  are  exposed  to  the  full  po- 
tential above  ground,  are  mounted  on  a  bakelite  disc 
suitably  secured  inside  of  a  bakelite  case  with  plate 
glass  front,  thus  affording  the  operator  convenient 
vision  and  absolute  safety.  Each  generator  is  provided 
with  its  own  field  switch  which  is  mounted  behind  the 
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board  and  operated  by  a  handle  in  front.  In  addition  3000  volt  circuit  breal<ers  spilling  over  into  the  dis- 
there  is  a  solenoid-operated  field  switch  in  the  circuit  connecting  switches.  Bus-bars  for  the  3000  volt  circuit 
from  each  generator  exciter,  so  that  in  case  of  serious     are  carried  on  7500  volt  pillar  insulators  so  as  to  in- 


FIG.    5 — CONDENSER-TYPE  ROOF    BUSHINGS   AND    HORN   GAPS 


trouble  the  field  circuit  may  be  instantly  interrupted. 

Both  generator  and  feeder  circuit  breakers  are  pro- 
vided with  an  extremely  powerful  magnetic  blowout 
and  large  arc  chute,  and  are  mechanically  operated 
from  levers  on  the  main  switchboard.     Similarly,  the 


sure  great  mechanical  strength  and  high  degree  of  in- 
sulation. 

Auxiliary  power  for  station  light,  signals,  and  other 
auxiliary  purposes  is  secured  by  means  of  transformers 
which  may  be  connected  to  either  of  the  motor  trans- 


FIG.   6 — MAIN    DIRECT-CURRENT    SWITCHBOARD 


disconnecting  switches  are  remote  mechanically  con- 
trolled and  are  mounted  on  the  back  of  the  gallery 
board.  Special  precaution  has  been  taken  in  supplying 
barriers  to  prevent  any  possibility  of  the  flash  from  the 


formers  in  operation  through  oil  circuit  breakers  oper- 
ated from  the  auxiliary  panel.  This  2200  volt  line  sup- 
plies 2200  to  220  volt  step-down  transformers  for  op- 
erating blower  motors,  station  lights,  etc.  while  a  2200 
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to  4400  volt  single-phase  transformer  supplies  4400  volt  innumerable  details  required  by  the  several  functions  of 
single-phase  power  for  signals.  These  auxiliary  tnins-  the  power  indicating  and  limiting  equipment  which  have 
formers,  together  with  the  generator  rheostats  and  the     material  bearing  on  the  relay  equipment  and  the  func- 


FIG.    7 — MOTOR    CONIKUL    ClKCUli     BKLAKEKS 
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automatic  control  panels  for  the  motors  driving  the  Honing  of  the  switching  equipment  under  different  con- 
biowers  for  the  motor-generator  sets  are  located  in  the  ditions.  Most  of  these  will  be  touched  on  in  other 
basement,  as  shown  in  Fig.  8.     There  are,  of  course,     articles  describing  this  equipment. 


Tli^ 


Tldaxlon  ©f  Flywlvnol  Jtuoc^i:  to  1  hinting  in 
Synchronoiis  iVloioi'^ 


Q.  Graha.m 


THE  application  of  synchronous  motors  to  recipro- 
cating loads,  such  as  pumps  and  compressors,  is 
quite  extended.  With  such  loads  the  torque  re- 
quired during  a  revolution  of  the  motor  is  irregular  and 
usually  has  distinct  pulsations  which  occur  one  or  more 
times  per  revolution  and  which  may  amount  to  a  large 
percentage  of  the  total  torque.  These  pulsations  in 
torque  cause  the  rotating  part  of  the  motor  to  pulsate 
in  angular  velocity  and,  under  certain  conditions,  may 
result  in  cumulative  swinging  or  hunting  of  the  motor. 
It  is  quite  evident  that  the  ijmount  of  variation  in 
angular  velocity  of  the  rotor,  and  the  angle  by  which 
it  deviates  from  its  average  position,  depends  upon  the 
shape  of  the  torque  curve  of  the  load  and  upon  the 
mass  or  inertia  of  the  rotating  part.  By  "average  posi- 
tion" is  meant  the  position  the  rotor  would  have  at  any 
instant,  assuming  uniform  velocity  of  the  same  value  as 
tlie  average  velocity  in  the  actual  case.  Large  pulsa- 
tions in  the  torque  curve  of  the  compressor,  or  other 
load,  mean  correspondingly  large  variations  in  the 
angular  velocity  of  the  unit.  Having  the  crank  effort 
diagram,  which  is  a  cur%e  showing  the  torque  required 
a:  each  instant  during  one  revolution,  and  knowing  the 
moment  of  inertia,  or  flywheel  effect,  of  the  total  rotat- 
ing parts,  it  is  a  simple  problem  in  mechanics  to  calcu- 
late the  angular  displacement  of  the  rotor  from  its  aver- 
age position,  for  any  particular  machine.     The  displace- 


ment is  proportional  to  the  pulsation  of  torque  and  in- 
versely proportional  to  the  flywheel  effect.  With  heavy 
flywheels  or  rotating  parts,  the  periodic  displacement 
can  be  kept  small. 

The  power  taken  by  the  motor  varies  with  the 
periodic  change  of  the  rotor  from  its  average  position. 
As  it  is  always  desirable  to  keep  llie  variation  in  power 
small,  it  would  seem  that  heavy  flywheels  should  be 
used,  and  that  this  would  insure  small  variations.  This, 
unfortunately,  is  not  entirely  true  because  of  certain 
facts  which  have  not  yet  been  considered.  Up  to  this 
point  it  has  been  assumed  that  tlie  rotor  is  simply  a 
mass  having  a  certain  inertia  and  that  it  is  acted  apon 
by  a  pulsating  torque.  The  fact  that  has  not  been  con- 
sidered is  that  a  change  in  the  angular  position  of  the 
rotor  of  a  synchronous  motor  is  accompanied  by  a 
change  in  tlie  torque  developed  within  the  motor.  It  is 
^\ell  known  that  when  a  synchronous  motor  is  called 
upon  to  exert  more  torque  its  rotor  drops  back  a  few 
degrees  so  that  each  pole  is  slightly  behind  the  position 
it  would  have  occupied  had  it  continued  to  run  at  no 
load.  The  average  speed  is  still  the  same,  although  the 
rotor  has  dropped  back  in  phase  position.  Therefore, 
when  the  rotor  is  caused  to  shift  its  phase  position 
periodically,  first  ahead  and  then  behind  its  average 
position,  due  to  an  irregular  load,  the  torque  developed 
within  the  motor  is  continually  changing.     There  are. 
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then  two  pulsating  torques  acting  upon  the  rotating 
mass ;  the  first  is  that  due  to  the  irregularities  of  the 
load  outside  of  the  motor  and  the  second  is  that  which 
is  developed  within  the  motor  due  to  the  changing  phase 
position  of  the  rotor.  The  actual  variation  in  the 
position  of  the  rotor  from  its  average  position  is  due 
to  the  combined  action  of  both  of  these  torques.  It  is 
not  sufficient,  therefore,  to  knov/  the  character  of  the 
lead  if  the  actual  amount  of  angular  variation  is  to  be 
determined;  the  characteristics  of  the  motor  are  needed 
as  well. 

The  simplest  solution  of  the  problem  of  finding  the 
actual  angular  variation  of  the  rotor  requires  a  some- 
what different  viewpoint.  It  has  been  stated  that  any 
change  in  phase  position  of  the  rotor  of  the  motor  is 
accompanied  by  a  change  in  developed  torque.  For 
small  changes,  the  torque  is  proportional  to  the  angular 
displacement.  Changing  the  phase  position  of  the  rotor 
may  be  compared  with  the  compression  or  elongation  of 
a  spiral  spring.  In  each  case  there  is  a  force  which 
tends  to  return  the  body  to  its  normal  position  and 
which  is  proportional  to  the  displacement  from  the 
normal  position.  Thus,  if  a  spring  is  compressed  and 
then  suddenly  released,  it  will  vibrate  about  its  mean 
position  for  a  certain  time,  each  vibration  being  smaller 
than  the  preceding  one,  and  finally  come  to  rest.  The 
time  for  each  complete  vibration,  or  the  number  of  vi- 
brations per  second,  is  a  constant  value  and  is  dependent 
upon  the  physical  characteristics  of  the  vibrating  body. 
The  same  law  of  vibrating  bodies  applies  in  the  case  of 
the  rotor  which  is  displaced  from  its  normal  running 
position.  If  a  force  is  applied  so  as  to  displace  the  rotor 
and  then  suddenly  removed,  the  rotor  oscillates  about 
its  average  position,  and  the  frequency  with  which  the 
oscillations  occur  is  constant.  The  number  of  oscilla- 
tions per  second  is  called  the  natural  frequency  of  os- 
cillation of  the  motor. 

In  the  case  of  a  motor  coupled  to  a  load  requiring 
a  pulsating  torque,  the  rotor,  which  has  the  property  of 
oscillating  according  to  the  laws  for  vibrating  bodies, 
\r  subjected  to  a  constantly  recurring  disturbing  force. 
The  frequency  with  which  this  force  occurs  is  fixed  in 
any  particular  case.  Usually  it  is  equal  to  the  number 
of  revolutions  per  second,  though  it  may  be  seme 
multiple  of  the  number  of  revolutions  per  .second  de- 
pending upon  the  nature  of  the  load.  The  rotor,  v.'hich 
has  a  fixed  natural  frequency  of  oscillation,  is  af-ted 
upon  by  a  disturbing  force  having  a  certain  fixed  fre- 
quency. By  applying  the  known  laws  of  the  mechanics 
of  vibrating  bodies  it  can  be  shown  that  the  actual 
angular  displacement  of  the  rotor  in.  such  a  case  de- 
pends upon  the  relative  values  of  the  two  frequencies — 
the  natural  frequency  and  the  frequency  of  the  disturb- 
ing force.     Expressed  mathematically, — 


Where  D  is  the  maximum  angular  displacement  of  the 
rotor  from  its  average  running  position ;  d  is  the  maxi- 


mum angular  displacement  which  the  rotor  would  have 
if  it  were  acted  upon  by  the  disturbing  force  only;  Fj 
is  the  frequency  of  the  disturbing  force,  and  F^  is  the 
natural  freciuency  of  oscillation  of  the  motor. 

This  means  that  if  tlie  value  of  the  disturbing  force 
and  the  WR"^  of  the  rotor  are  known  and  that,  if  the 
displacement  of  the  rotor  is  worked  out,  based  on  these 
quantities  only,  the  displacement  so  obtained  must  be 
multiplied  by  a  factor  depending  upon  the  relation  of 
the  natural  and  forced  frequencies  to  obtain  the  actual 
displacement.     It  can  be  seen  that  this  factor, 


liecomes  large  when  F^  and  F.,  approach  the  same 
value,  and  that  when  they  are  equal  the  factor  becomes 
infinity.  Consequently  it  is  imperative  that  the  natural 
and  the  forced  frequencies  do  not  coincide,  if  the  dis- 
placement is  to  be  kept  at  a  low  value.  In  fact  if  the 
two  frequencies  are  within  10  percent  of  one  another, 
the  displacement  may  be  quite  large.  This  is  shown  by 
the  curve  in  Fig.  i,  which  is  plotted  between  the  ratio 
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I'TG.    I — CONDITIONS  WHICH  TEND  TO  PRODUCE  MAXIMUM   HUNTING 

The  right  hand  portion  of  the  curve  is  really  negative, 
although  it  is  shown  as  positive  in  the  illustration.  Negative 
values  mean  that  the  swinging  of  the  rotor  is  opposed  in  phase 
to  the  torque  pulsation  of  the  load. 

of  the  two  frequencies  and  the  fcctor  which  determines 
the  final  displacement. 

It  will  be  well  to  consider  the  factors  which  deter- 
mine the  natural  frequency  of  a  motor.  It  has  been 
stated  that  the  oscillation  of  the  motor  about  its  aver- 
age position  follows  the  same  law  as  that  which  applies 
to  vibrating  bodies — and  to  the  pendulum  as  well.  In 
the  case  of  a  synchronous  motor  the  expression  be- 
comes,— 

Where  F„  =  the  natural  frequency  in  cycles  per 
second ;  hp  =  the  horse-power  of  the  motor ;  freq.  = 
the  frequency  of  the  line;  WR'^  =  the  flywheel  effect 
of  the  rotor  in  Ibs.-ft.-;  and  a  =  the  angular  shift  of 
the  rotor  in  electrical  degrees  corresponding  to  full  load. 
The  latter  quantity  is  the  angular  shift  which  the  rotor 
makes  from  its  no  load  position  when  running  under  a 
steady  load.  This  angle  depends  upon  the  design  of 
the  machine  and  must  be  calculated  or  measured  in  any 
particular  case.     The   calculation  of  this  angle,  while 
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theoretically  possible,  is  an  approximation  at  best,  so 
that  calculated  values  of  natural  frequency  must  also  be 
accepted  as  such. 

An  examination  of  the  expression  for  natural  fre- 
quency shows  that  there  are  two  quantities  which  may 
be  changed  if  it  should  be  necessary  to  change  the 
natural  frequency  of  a  motor.  It  is  assumed  that  the 
horse-power,  speed  and  line  frequency  are  fixed.  Then 
the  only  possible  changes  are  in  WR^  and  a  .  The 
nngle  may  be  varied  by  making  changes  in  the  design  of 
the  machine,  such  as  making  a  larger  air-gap  or  using 
;■  different  number  of  armature  conductors,  but  this 
will  also  aflfect  the  other  characteristics  of  the  machine. 
The  remaining  quantity  to  be  considered  is  the  IVR^. 
This  is  usually  the  one  which  can  most  easily  be 
changed,  as  it  is  not  necessary  to  make  any  changes  in 
the  motor  itself;  the  required  weight  can  be  added  in 
the  form  of  a  separate  flywheel  mounted  on  the  same 
shaft.  In  this  way  the  value  of  the  natural  frequency 
may  be  increased  or  decreased  so  as  to  avoid  coincidence 
with  the  frequency  of  the  disturbing  torque. 

For  any  particular  case  to  be  investigated  the  pro- 
cedure is  as  follows.  Obtain  the  torque  diagram  of 
the  compressor,  or  other  load  which  the  motor  drives, 
and  the  total  WR^  of  the  rotating  element  of  the  unit. 
Calculate  from  these  the  maximum  displacement  from 
the  mean  position  which  the  rotor  would  have  if  it 
were  a  simple  mass  acted  upon  by  the  pulsating  torque 
of  the  load.  Multiply  this  displacement  bv  the  mngni- 
fving  factor, — 


to  find  the  actual  displacement. 

To  find  the  magnifying  factor  it  is  first  necessary 
to  have  the  values  of  the  natural  and  forced  frequencies. 
The  expression  for  natural  frequency  has  been  given. 
The  forced  frequency  is  usually  the  same  as  the  num- 
ber of  revolutions  per  second,  though  it  may  be  some 
multiple  of  that  value.  As  a  matter  of  fact  the  torque 
curve  will  usually  be  made  up  of  components  of  several 
different  frequencies,  but  the  component  having  the 
lowest  frequency  is  ordinarily  the  one  which  will  cause 
trouble.  Each  component  may  be  considered  as  acting 
independently,  but  the  one  which  is  nearest  in  value  to 
the  natural  frequency  is  the  only  one  that  should  be 
given  attention. 

It  will  be  seen  that  the  flywheel  effect  or  WR''  is 
brought  into  the  calculations  in  two  places.  A  1.  rge 
flywheel  effect  means  a  small  initial  displacemen*^,  but 
at  the  same  time  the  relation  between  the  natural  and 
forced  frequencies  may  be  such  as  to  make  the  final  dis- 
placement much  higher.  It  may  be  more  satisfactory 
in  such  a  case  to  use  a  lighter  flywheel  which,  although 
it  allows  the  initial  displacement  to  be  greater,  causes 


the  natural  frequency  to  increase  to  such  a  value  that 
there  is  very  little  magnifying  action  and  that  the  final 
displacement  is  lower. 

Various  limiting  values  of  periodic  angular  dis- 
placement have  been  established,  but  it  is  rather  difficult 
to  decide  on  any  one  value  which  will  apply  to  all  cases. 
A  motor  operating  with  a  large  pulsation  in  power,  due 
t  ■  large  periodic  displacement,  may  be  entirely  satis- 
factory while  operating  from  a  large  power  system,  but, 
if  connected  to  a  smaller  system,  it  may  cause  such  pul- 
sations in  the  line  voltage  that  other  apparatus  is 
affected.  Past  practice  has  been  to  limit  the  displace- 
ment to  values  of  from  three  to  five  electrical  degrees. 
These  are  arbitrary  limits  which  seem  to  be  conserva- 
tive. 

Aside  from  the  effect  on  the  supply  system  there  is 
ibe  possibility  that  trouble  may  arise  from  such  an  in- 
stallation due  to  the  motor  dropping  out  of  step.  This 
w  ill  occur  if  the  swinging  of  the  rotor  carries  it  through 
one  fourth  of  a  pole  pitch  or  greater. 

One  important  phase  of  this  subject  which  has 
jieen  neglected  so  far  is  the  effect  of  a  damper  winding 
on  the  motor.  When  a  machine  is  equipped  with 
dampers  and  is  subjected  to  variations  in  angular  ve- 
locity such  as  have  been  considered,  there  is  a  torque 
exerted  by  the  dampers  which  opposes  the  changes  in 
velocity.  The  result  is  that  the  actual  swing  of  the 
rotor  is  reduced.  It  may  be  possible,  therefore,  to  ob- 
tain satisfactory  operation,  even  though  the  foregoing 
method  of  analysis  shows  that  the  swinging  of  the  rotor 
will  be  prohibitive.  Calculations  of  the  amount  of 
damping  action  that  can  be  obtained  are  usually  rather 
doubtful,  but  experience  has  shown  that  cases  of  trouble 
.'ire  very  rare  among  machines  which  are  equipped  with 
well  designed  damper  windings.  In  fact  tests  have 
been  carried  out,  on  a  machine  having  dampers,  with 
the  purpose  of  producing  hunting  if  possible.  Th**  re- 
sult was  that,  although  the  natural  frequency  was 
varied  by  changing  the  voltage  from  a  point  above  to  a 
point  below  the  frequency  of  forced  oscillations,  no 
hunting  or  increase  in  the  periodic  pulsation  of  the 
motor  current  could  be  detected. 

The  problem  that  arises  in  the  application  of 
synchronous  motors  to  compressors  or  similar  apparatus 
i ;  identical  with  the  old  problem  of  parallel  operation 
of  engine-driven  generators.  Experience  has  proved 
that  these  machines  are  often  incapable  of  operati.ig  in 
parallel  when  there  is  a  small  difference  between  the 
natural  and  forced  frequency,  but  that  such  trouble 
may  be  avoided  by  equipping  the  machines  with  damper 
windings.  Modern  practice  is  to  avoid,  if  possible, 
coincidence  of  the  two  frequencies  by  the  proper  selec- 
tion of  flywheel  effect  and  to  equip  the  machines  with 
dampers  as  an  additional  assurance  of  satisfactory  op- 
eration. 
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FREQUENCY  DETERMINATION 


Cost  of  Transformers — Sixty  cycle  transformers, 
cost  approximately  30  to  40  percent  less  than  25  cycle 
transformers;  or  stated  another  way,  25  cycle  trans- 
formers cost  approximately  40  to  66  percent  more  than 
60  cycle  transformers.  The  saving  in  first  cost  may 
vary  between  $1.50  and  $2.50  per  kv-a.  in  favor  of 
60  cycles.  Assuming  that  the  total  kv-a.  of  trans- 
former capacity  connected  to  a  transmission  circuit  is 
2.5  times  the  kv-a.  transmitted  over  the  circuit,  the  sav- 
ing in  favor  of  60  cycle  transformers  would  be  $3-75  to 
$6.25  or  an  average  of  $5.00  per  kv-a.  transmitted.  As- 
suming 20000  kv-a.  to  be  transmitted,  the  saving  in 
cost  at  $5.00  per  kv-a.  will  be  $100000  in  favor  of  60 
cycle  transformers.  The  actual  diflference  in  cost  will 
depend  upon  the  type  of  the  transformers,  that  is, 
whether  water  or  self-cooled  and  also  upon  their  aver- 
age capacity.  The  difiference  in  cost  will  be  greater  for 
the  self-cooled  type  and  for  the  smaller  capacities. 

Weight  and  Space  of  Transformers — The  less 
■weight  of  60  cycle  transformers  makes  them  easier  to 
handle  and  they  require  less  space  for  installation. 

Higher  Reactance — Inductive  reactance  at  60 
cycles  is  2.4  times  its  value  at  25  cycles.  This  tends 
to  produce  poorer  voltage  regulation  of  the  circuit. 
Higher  reactance  has  one  advantage  for  the  larger  sys- 
tems in  that  it  tends  to  limit  short-circuit  currents  and 
thus  assists  the  circuit  opening  devices  to  function 
properly.  By  virtue  of  the  higher  reactance  it  might 
be  possible  in  some  cases  to  obtain  sufficient  reactance 
in  the  transformers  without  the  addition  of  current 
limiting  reactance  coils. 

Efficiency — The  efficiency  of  60  cycle  transformers 
is  usually  0.25  to  0.50  percent  higher  than  for  25  cycle 
transformers. 

Charging  Current — At  25  cycles  both  the  charging 
current  and  the  reactance  are  approximately  42  percent 
of  their  values  for  60  cycles.  This  tends  to  give  better 
regulation  and  usually  higher  efficiency  in  transmission. 
On  the  other  hand,  the  higher  transmission  efficiency 
may  be  offset  by  the  slightly  lower  efficiency  of  25  cycle 
transformers.  In  cases  of  very  long  circuits  (par- 
ticularly if  the  circuits  are  in  duplicate  and  both  in  ser- 
vice) or  of  transmission  systems  embracing  many  miles 
of  high  tension  mains  and  feeders,  the  charging  currents 
may  be  so  great  as  to  limit  the  choice  in  transmi.:sion 
voltage.  On  the  other  hand  large  charging  currents 
may  be  permitted,  provided  under  excited  synchronous 
motors  are  used  at  various  parts  of  the  transmission 


system  for  partially  neutralizing  this  charging  current 
and  for  maintaining  constant  voltage. 

Inductive  Disturbances — Lightning,  switching  and 
other  phenomena  cause  disturbances  on  conductors  of 
transmission  circuits.  The  frequency  of  these  disturb- 
ances is  independent  of  that  impressed  on  the  system. 
After  the  removal  of  the  disturbing  influence  they 
oscillate  with  the  neutral  frequency  of  the  line. 

The  neutral  frequency  of  the  line  is  far  above  com- 
mercial frequencies  but,  if  the  transmission  line  is  long, 
there  may  be  some  odd  harmonic  present  in  the  funda- 
mental impressed  frequency  which  corresponds  with  the 
natural  period  of  the  line.  This  might  tend  to  pror^uce 
an  unstable  condition  or  resonance.  This  condition  is 
somewhat  less  likely  to  occur  at  25  cycles. 

Summary — Although  there  are  a  number  of  irrge 
25  cycle  transmission  systems  in  operation,  they  were 
mostly  installed  before  the  design  of  60  cycle  converting 
apparatus  and  electric  light  systems  had  reached  their 
present  state  of  perfection.  Unless  it  is  desirab'e  to 
parallel  with  an  existing  25  cycle  system  located  in  ad- 
joining territory  without  the  introduction  of  frequency 
changers,  it  is  now  quite  general  practice  to  choose  the 
frequency  of  60  cycles.* 

VOLTAGE  DETERMINATION 

From  a  purely  economic  consideration  of  the  con- 
ductors themselves,  Kelvin's  law  for  determining  the 
most  economical  size  of  conductors  would  apply.  Kel- 
vin's law  may  be  expressed  as  follows : — 

"The  most  economical  section  of  a  conductor  is  that 
which  makes  the  annual  cost  of  the  I-R  losses  equal  to 
the  annual  interest  on  the  capital  cost  of  the  conducting 
material,  plus  the  necessary  annual  allowance  for  dei.M-e- 
ciation".  That  is,  the  economical  size  of  conductor  for 
a  given  transmission  will  depend  upon  the  cost  of  the 
conducting  material  and  the  cost  of  power  wasted  in 
transmission  losses.  The  law  of  maximum  economy 
may  be  stated  as  follows : — "The  annual  cost  of  the  en- 
ergy wasted  per  mile  of  the  transmission  circuit  added 
to  the  annual  allowance  per  mile  for  depreciation  and 
interest  on  first  cost,  shall  be  a  minimum". 

Attempts  have  been  made  to  determine  by  mathe- 
matical expression  the  most  economical  transmission 
\oltage,  all  factors  having  been  taken  into  account. 
I'here  are  so  many  diverse  factors  entering  into  such  a 


*For  a  complete  discussion  of  this  subject  see  a  paper  by 
n.  B.  Rushmorc  before  the  Schenectady  section  A.  I.  E.  E., 
May  17,  1912,  on  "Frequency"  and  an  article  by  B.  G.  Lamme 
on  "The  Technical  Stoo'  of  the  Frequencies"  in  the  Journal 
for  June,  1918,  p.  23a 
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treatment  as  to  make  such  an  expression  complicated, 
difficult  and  unsatisfactory.  There  are  many  points  re- 
quiring careful  investigation,,  not  embraced  by  Kelvin's 
law,  before  the  proper  transmission  voltage  can  be  de- 
termined.    Some  of  these  points  are  given  below. 

Cost  of  Conductors — For  a  given  percentage  energfy 
loss  in  transmission,  the  cross-section  and  consequently 
the  weight  of  conductors  required  by  the  lower  and 
medium  voltage  lines  (up  to  approximately  30000 
volts)  to  transmit  a  given  block  of  power  varies  in- 
versely as  the  square  of  the  transmission  voltage.  Thus 
if  this  voltage  is  doubled,  the  weight  of  the  conductors 
will  be  reduced  to  one  fourth  with  approximately  a  cor- 
responding reduction  in  their  cost.  This  saving  in  con- 
ducting material  for  a  given  energy  loss  in  transmission 
liecomes  less  as  the  higher  \ollages  are  reached,  bciom- 
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i.ig  increasingly  less  as  voltages  go  higher.  This  is  for 
the  reason  that  for  the  higher  voltages  at  least  two  other 
sources  of  losses,  leakage  ox  er  insulators  and  the  escape 
of  energy  through  the  air  between  the  conductors 
(known  as  "corona")  appear.  In  addition  to  these  two 
losses,  the  charging  current,  which  increases  as  the 
transmission  voltage  goes  higher,  may  either  increase  or 
decrea.se  the  current  in  the  circuit  depending  upon  the 
power-factor  of  the  load  current  and  the  relative 
amount  of  the  leading  and  lagging  components  of  the 
current  in  the  circuit.  Any  change  in  the  current  of  the 
circuit  will  consequently  be  accompanied  by  a  corre- 
sponding change  in  the  PR  loss.  In  fact,  these  sources 
of  additional  losses  may,  in  some  cases  of  long  circuits 
or  extensive  systems,  materially  tontribute  toward  limit- 
ing the   transmission   voltage.     The   weight  of   copper 


conductors,  from  which  their  cost  may  readily  be  cal- 
culcated,  is  given  in  Table  E.  As  an  insurance 
against  breakdown,  important  lines  frequently  are  built 
with  circuits  in  duplicate.  In  such  cases  the  cost  of 
conductors  for  two  circuits  should  not  be  overlooked. 

Table  E  contains  the  weights  of  bare  stranded 
copper  cables  per  looo  feet  of  circuit,  also  per  mile  of 
circuit.  For  the  purpose  of  facilitating  rapid  calcula- 
tion for  any  given  case,  the  weights  are  given  corre- 
sponding to  one,  two  and  three  conductors  for  these  two 
lengths  of  circuit. 

Reduced  Electric  Surges — The  better  insulation 
necessitated  by  higher  transmission  voltages  tends  to 
make  the  circuit  more  secure  against  ordinaiy  disturb- 
ances. Also  the  smaller  currents  resulting  with  the 
higher  voltages  cause  less  disturbance  in  the  circuit  in 
the  case  of  grounds,  short-circuits,  switchings,  light- 
ning and  other  disturbances. 

Less  Reactance  Volts  Drop — Since  the  current  cor- 
responding to  higher  transmission  voltages  goes  down 
ris  the  voltage  goes  up,  the  voltage  necessary  to  over- 
come the  reactance  of  the  circuit  will  be  less,  and  the 
percentage  reactance  volts  much  less  for  higher  volt- 

TABLE  F— PRESENT  RELATIVE  COSTS  OF 
HIGH  TENSION  APPARATUS 
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ages.  Thus,  if  the  transmission  voltage  is  doubled,  the 
current  will  be  halved  and  for  the  same  spacing  of 
conductors  the  reactance  volts  drop  will  be  one  half,  re- 
sulting in  one  fourth  the  percentage  of  the  reactance- 
volts  drop. 

Cost  of  Transformers — If  the  transmission  voltage 
exceeds  13  200  volts,  banks  of  step-up  transforiners  wil' 
be  required  of  sufficient  capacity  to  transform  all  of 
the  kv-a.  to  be  transmitted.  A  still  greater  capacity  (.f 
step  down  transformers  will  be  lequired  to  reduc;  the 
voltage  to  that  suitable  for  operating  motors  and  lights. 
In  some  cases  two  reductions  from  the  transmission 
circuit  voltage  may  be  required,  the  first  usually  re- 
ducing to  22000,  II  000  or  6600  volts  for  general  dis- 
tribution and  the  second  reducing  from  the  general  dis- 
tribution voltage  to  the  proper  \oltage  for  motors  and 
lights.  The  net  result  is  that  the  total  capacity  in  trans- 
lormers  connected  to  a  transmission  system  employing 
both  step  up  and  step  down  transformers  may  vary 
from  a  minimum  of  two  to  a  maximum  of  about  four 
times  the  kv-a.  transmitted  over  the  high-tension  cir- 
cuits. The  average  condition  we  will  assume  as  2.5 
times  the  la'-a.  to  be  transmitted. 

The  cost  of  power  transformers  at  the  present  time 
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for  66  000  volts  sen-ice  will  varj"  between  $1.25  to  $3.00 
for  60  cycle  and  $2  to  $5  per  kv-a..  for  25  cycle  ser- 
vice, depending  upon  their  type  and  capacity.  The 
total  cost  per  kv-a.  of  transformers  on  a  system  would 
therefore  be  represented  by  approximately  2.5  times  the 
above  costs.  The  present  relative  costs  of  trans- 
formers for  different  voltages  are  given  in  Table  F. 
For  instance  if  the  transmission  voltage  is  increased 
from  33  000  to  66  000  volts  the  transformers  will  cost  in 
the  neighborhood  of  150  -e-  115  or  31  percent  more 
than  they  would  cost  for  33  000  volts.  Knowing  the 
amount  of  power  to  be  transmitted,  an  approximate 
estimate  maj-  be  made  as  to  the  additional  cost  of  the 
necessar}'  transformers   for  a  higher  voltage. 

Cost  of  Insulators — Table  F  values  indicate  a  wide 
difference  in  the  cost  of  insulators  for  the  higher  volt- 


Efficiency — The  efficiency  of  transformers  will  be 
slightly  higher  for  the  lower  voltages. 

Small  Customers — The  furnishing  of  power  to 
small  customers  at  points  along  the  transmission  cir- 
cuits should  receive  careful  consideration.  The  cost  of 
switching  apparatus,  lightning  arresters  and  trans- 
formers required  to  permit  service  being  given  to  such 
customers  will  be  less  for  the  lower  voltage. 

Charging  Current — The  amount  of  current  re- 
quired to  charge  the  transmission  circuits  varies  ap- 
proximately as  the  transmission  voltage.  Therefore 
the  charging  current,  expressed  in  kv-a.  varies  ap- 
proximately as  the  square  of  the  voltage.  Thus  the 
charging  current  required  for  a  33000  volt  circuit  is 
approximately  one  half  and  the  charging  k\-a.  one 
fourth  that  of  a  66  000  volt  circuit. 


TABLE  G     FORM  OF  TABULATION   FOR  DETERMINING  VOLTAGES 

AND  CONDUCTORS 
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ages;  thus  the  increased  cost  of  66000  volt  insulators 
above  the  cost  of  33000  volt  insulators  is  stated  as 
3500  -e-  650  or  540  percent. 

Cost  of  Other  Apparatus — The  cost  of  lightning 
arresters,  high-tension  circuit  breakers  and  general  in- 
sulation increase  with  the  voltage.  The  increased  cost 
of  these  items,  however,  may  not  have  sufficient  weight 
to  materially  influence  the  selection  of  the  transmission 
voltage. 

Cost  of  Buildings — Lower  voltage  transformers, 
switching  equipment  and  lightning  arresters  require 
less  space  for  insulation.  If  this  apparatus  is  to  be 
placed  indoors,  the  cost  of  necessar}-  buildings  may  be 
less.  The  amount  of  real  estate  required  may  also  be 
less  in  case  of  the  lower  voltage. 

Relative  Cost  Values — Table  F  contains  relative 
cost  values  for  different  transmission  voltages.  They 
indicate  approximately  the  variation,  at  the  present 
time,  in  cost  of  the  principal  material  which  is  affected 
by  a  change  in  transmission  voltage.  Cost  values  are 
very  unstable  at  present  but  the  table  will  ser\e  in  a 
general  way  to  indicate  comparative  costs. 


Summary — In  deciding  upon  the  transmission 
voltage,  careful  and  full  consideration  should  be  given 
to  the  present  (or  probable  future)  voltage  of  any 
neighboring  or  adjacent  systems.  There  is  an  increas- 
ing tendency  to  combine  generating  and  transmission 
systems  for  purposes  of  economy,  and  insurance  against 
breakdown  in  service.  If  a  possible  future  consolida- 
tion is  not  kept  in  mind  when  selecting  the  transmission 
\oltage,  a  voltage  may  be  decided  upon  which  would 
render  it  impossible  to  parallel  with  a  neighboring  sys- 
tem, except  through  connecting  transformers.  In  this 
case  the  transformers  of  the  two  systems  would  prob- 
ably not  be  interchangeable  for  service  on  either  system. 

If  the  contemplated  transmission  system  is  remote 
from  any  existing  system,  a  study  of  the  initial  and  op- 
erating costs  should  be  made  corresponding  to  various 
sizes  of  conductors  and  to  various  assumed  transmission 
voltages.  A  suggested  tabulation  for  such  compari- 
sons is  shown  in  Table  G.  In  this  table,  it  is  assumed 
that  10  000  kv-a.  (8000  kw  at  80  percent  power- factor 
lagging),  is  to  be  transmitted  a  distance  of  ten  miles 
at  60  cycles,  three-phase  for  ten  hours,  followed  by 
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2500  kv-a.  (2000  kw  at  80  percent  power-factor  lag- 
ging) for  14  hours.  Delta  spacing  is  assumed  of  three 
feet  for  the  lower  two  and  four  feet  for  the  higher  two 
voltages.  Raising  and  lowering  transformers  will  be 
required  of  an  assumed  total  capacity  of  2.5  X  10000 
or  25  000  kv-a.  Conductors  of  hard  drawn  stranded 
copper  are  employed,  the  resistance  of  the  conductors 
being  taken  at  a  temperature  of  25  degrees  C.  from 
Table  II.     (July,  1919). 

The  cost  of  the  pole  or  tower  line,  the  righi  of 
way,  buildings  and  real  estate  for  buildings  is  not  in- 
cluded in  this  tabulation.  Neither  is  the  difference  in 
transformer  efficiencies  taken  into  account.  The  differ- 
ence in  these  items  will  not  be  sufficient  in  this  case 
greatly  to  influence  the  choice  of  the  transmission  volt- 
age, because  all  of  the  voltages  compared  are  relatively 
low.  Because  of  the  large  amount  of  power  to  be 
transmitted  a  comparatively  short  distance,  the  approxi- 
mate rule  of  lofX)  volts  per  mile  for  short  lines  does 
not  hold  true  for  this  problem. 

Assuming  for  the  sake  of  argument  that  the  price 
values  given  in  this  form  of  tabulation  are  appro.xi- 
mately  correct  for  this  problem  and  that  there  are  no 
neighboring  transmission  systems,  then  the  problem  re- 
duces to  cost  economics. 

Since  both  the  first  and  operating  costs  in  Table  G 
are  higher  for  16  500  volts  than  they  are  for  22  000 
volts,  it  is  evident  that  16  500  volts  is  economically  too 
low  a  voltage. 

In  the  consideration  of  22  000  volts  it  will  be  seen 
that,  of  the  three  sizes  of  conductors,  the  largest  size 
("300000  circ.  mil.)  will  be  the  cheaper  in  the  end. 
Thus,  if  No.  000  were  selected,  the  first  cost  would  be 
$16159  'ess  than  for  30000  circ.  mil  conductors,  but 
the  operating  cost  (due  to  greater  loss  in  transmission) 
will  be  approximately  $10000  a  year  more.  For  a 
similar  reason  No.  o  conductors  will  be  disqualified. 

In  the  consideration  of  33  000  volts,  No.  00  con- 
ductors will  be  the  choice  and  in  the  consideration  of 
44000  volts.  No.  2  conductors  will  be  the  choice.  The 
choice  then  comes  down  to  the  following: — 


Voltage 
Transmission 

Total                Annual 
Conductors                     Cost             Operating 
First                  Cost 

22000 
33000 
44000 

300000  circ  mils 
No.  00 
No.  2 

$118420           $34934 
105655             33002 
107  727             35  288 

It  will  thus  be  seen  that  a  voltage  of  33000  volts 
and  No.  00  conductors  are  the  most  economical  of  those 
tabulated.  The  transmission  loss  will  be  5.1  percent, 
the  reactance  6.5  percent  and  the  voltage  drop  seven 
percent  at  full  load.     The  value  assigned  as  the  cost  per 


kw-hour  for  power  lost  in  transmission  will  obviously 
have  great  influence  in  determining  the  proper  economic 
size  of  conductors  for  any  given  transmission  voltage. 
The  cost  of  the  copper  will  have  a  relatively  greater  im- 
portance on  longer. "lines.  As  a  matter  of  fact,  a  larger 
s'ze  than  any  of  the  conductors  listed  in  Table  G  would 
be  still  more  economical,  under  the  conditions  given. 
1  here  have  been  numerous  mistakes  made  in  under-esti- 
mating the  ultimate  demand  for  electrical  power  and 
consequently  adopting  too  low  a  transmission  voltage. 
When  in  doubt  the  higher  voltage  will,  in  the  course  of 
lime,  most  likely  justify  its  adoption  by  reason  of  fu- 
ture growth  not  apparent  at  the  time  the  choice  is  made. 
The  design  and  construction  of  transformers,  cir- 
cuit breakers,  lightning  arresters,  etc.  for  a  multiplicity 
of  high-tension  voltages  is  expensive.  The  manufac- 
turers of  such  apparatus  are  endeavoring  to  standardize 
transmission  voltages  for  the  purpose  of  minimizing  the 
number  of  designs  of  high-tension  apparatus.  This 
point  could  with  mutual  profit  be  taken  up  with  the 

TABLE  H-COMMON  TRANSMISSION  VOLTAGES 


Length  of  Line 

Voltages 

I  to      3  miles 

550 

or       2200  volts 

3  to       5  miles 

2200 

or       6600  volts 

5  to     10  miles 

6600 

or     13  200  volts 

10  to     15  miles 

13200 

or    22000  volts 

15  to     20  miks 

22000 

or     33  000  volts 

20  to    30  miles 

33000 

or     44000  volts 

30  to     50  miles 

44000 

or    66000  volts 

50  to    75  miles 

66000 

or    88000  volts 

75  to  100  miles 

88000 

or  1 10  000  volts 

100  to  150  miles 

1 10  000 

or  132000  volts 

150  to  250  miles 

132000 

or  154000  volts 

250  to  350  miles 

154000 

or  220000  volts 

laiuifacturers  before  any  particular  voltage  is  decided 
upon. 

The  amount  and  cost  of  power  to  be  transmitted 
is  a  very  important  factor  in  determining  the  econjmic 
transmission  voltage.  For  average  conditions  isolated 
from  existing  transmission  lines  the  voltages  shown  in 
I'able  H  have  been  quite  generally  used.  For  excep- 
tional cases,  exceptional  values  will  be  used.  For  ex- 
ample if  40000  kv-a.  is  to  be  transmitted  20  miles, 
66  000  volts  or  higher  might  be  used.  On  the  other 
hand  if  a  very  small  amount  of  power  is  to  be  trans- 
mitted, lower  voltages  would  probably  be  selected. 

At  the  present  time  the  prospects  seem  bright  for 
the  standardization  of  the  following  "normal"  system 
voltages. 


44000 

132000 

66000 

154000 

88000 

*  187  000 

no  000 

220000 

♦The  use  of  187000  volts  is  likely  to  occur  only  in  case  it 
is  found  ncccssarj'  to  have  a  voltage  between  154000  and  220000 
volts. 
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AKING  connections  to  cwitchboard  meters  in- 
volves an  understanding  of  the  physical  and 
electrical  characteristics  of  the  particular  cir- 
cuit to  be  considered,  the  results  lo  be  obtained  frora  the 
use  of  the  electrical  instruments,  and  the  detail  reqj'ie- 
ments  for  correct  operation  of  the  instruments  "iiem- 
selves.  Even  with  this  knowledge  at  hand,  the  problem 
of  making  correct  connections  is  often  so  complex  that 
it  requires  special  treatment.  The  use  of  vector  dia- 
grams is  most  helpful  in  solving  such  problems,  and  in 
many  cases  is  the  only  direct  means  by  which  a  correct 
solution  can  be  obtained.  In  the  discussions  which  fol- 
low, there  will  be  presented  an  explanation  of  the  vector 
diagram  and  its  use  with  the  combinations  of  meters 
that  are  most  common  in  present-day  practice,  and  also 
In  an  alternating-current  circuit,  the  voltage  is  in 
one  direction  during  the  first  half  of  each  cycle  and  in 
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REPRESENTATION    OF  ALTERNATING  VOLTAGES  AND 
CURRENTS 

The  voltage  in  an  alternating-current  circuit  may 
be  represented  by  a  wave  form,  called  a  sine  wave,  for 
the  reason  that  modern  alternators  are  designed  to  give 
ppproximately  this  wave  form.  Curve  E  in  Fi.g.  I 
shows  such  a  wave  form  where  horizontal  distrnces 
represent  electrical  degrees  and  vertical  distances  in- 
stantaneous values  of  voltage.  An  electrical  degree  is 
i/36oth  part  ui  a  period  or  cycle,  or  36x1  degrees  on  the 
horizont.-;]  •  ference  line  compose  one  cycle.  AA' 
represeiu  iie  maximum  value  of  the  voltage  v.hen  in 
cne  di'.eccion  and  BB'  in  the  opposite  due.'ion;  or  the 
values  above  the  reference  line  may  be  considered  posi- 
tive and  those  below  the  line  negative.  Since  the  wave 
form  of  current  is  always  similar  to  that  of  the  volt- 
age, /  represents  the  current  (in  phase  with  the  volt- 
age) that  would  flow  in  a  circuit  with  the  voltage  E 
impressed  on  it.  Such  curves  give  a  very  definite  idea 
of  the  conditions  in  the  circuit  at  each  instant,  but  they 
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no.       I^WAVE      FORM       OF      AN     FIG.    2 — VECTOR    DIAGRAM    OF    AN 

ALTERNATING    VOLTAGE    AND  ALTERNATING    VOLTAGE    AND 

CURRENT  CURRENT 

some  of  the  special  applications  which  frequently  occur. 
In  all  diagrams,  meters  are  shown  as  viewed  from  the 
rear,  because  all  connections  are  made  at  the  back  of 
switchboards. 

SELECTION  OF  POSITINTs  DIRECTIONS  IN  AN  ALTERNATING- 
CURRENT    CIRCUIT 

the  opposite  direction  during  the  rest  of  the  cycle,  and 
in  response  to  that  voltage  the  current  flow  is  also  in 
one  direction  for  the  first  half  and  in  the  opposite  di- 
rection for  the  rest  of  the  cycle.  Since  the  voltage  and 
current  are  reversed  at  corresponding  times,  the  reac- 
tion between  the  voltage  coil  and  the  current  coil  of  a 
meter  is  the  same  throughout  the  entire  cycle,  and  for 
that  reason  either  direction  of  voltage  and  current  may 
be  considered  positive  so  long  as  the  assumption  is  con- 
sistent for  both  voltage  and  current.  For  simplicity  in 
making  connections,  it  is  common  usage  to  consider  the 
direction  from  the  power  to  the  load  as  positive  and, 
when  instrument  transformers  are  used,  to  considet  the 
currents  in  the  meter  circuits  to  be  in  the  same  direc- 
tion as  if  the  transformer  were  omitted  and  the  second- 
ary circuit  connected  into  the  primary  circuit  in  its 
place. 


(al  (W  ic)  (d)  Ic.  „  (c)  ih) 

FIG.   3 — CONVENTIONS    USED    l.M    CONNECTION    DI.^CRAMS 

a — Main  line  power  conductor. 

b — From  source  of  power. 

c — To  load. 

rf^Cross,  no  electrical  contact. 

c — Joint,  electrical  contact. 

/■ — Instrument  wiring. 

g — Fuse. 

h — Ground. 

i — Condenser,  surrounding  power  conductor. 

j — Current  transformer, 

k — Voltage  transformer. 

are  very  difficult  to  draw  accurately  and  cannot  be  used 
easily  in  analyzing  circuits  for  determining  how  to  con- 
nect meters  correctly. 

The  most  convenient  representation  is  obtained  by 
the  vector  diagram.  A  simple  vector  diagram  is  shown 
in  Fig.  2  where  XX'  and  YY'  are  reference  axes  per- 
pendicular to  each  other  and  intersecting  at  the  poini  0. 
The  vector  OE,  the  length  of  which  represents  the 
maximum  value  of  the  voltage,  is  drawn  from  the  point 
0  making  an  angle  0  with  the  axis  XX',  where  </>  is 
the  number  of  electrical  degrees  from  the  beginning  of 
the  cycle  to  where  it  is  desired  to  show  the  conditions 
in  the  circuit.  In  vector  diagrams,  electrical  degrees 
are  equal  to  degrees  in  angular  measure  and  therefore 
360  degrees,  or  one  revolution  of  the  vector  OE  about 
the  point  0  at  uniform  angular  velocity,  represents  a 
complete  cycle.  Where  there  are  a  number  of  vectors 
displaced  from  one  another  by  given  angles,  all  the 
vectors  are  considered  as  revolving  at  the  same  an?rular 
velocity,  their  lengths  and   angular  displacements   re- 
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maining  constant.  It  is  standard  practice  to  assume 
counter-clockwise  direction  of  rotation  for  all  vector 
diagrams.*  The  line  EB  drawn  perpendicular  to  XX' 
in  Fig.  2,  represents  the  instantaneous  value  of  the 
voltage,  since  it  is  equal  to  OE  sine  4,  ,  which  is  an 
equation  of  the  sine  wave.  Likewise  the  vector  01  and 
the  line  IC  represent  the  maximum  and  the  instantan- 
eous values  of  a  current  in  phase  with  the  voltage. 

It  is  apparent  from  Fig.  2  that,  when  the  vectors 
OE  and  01  are  projected  on  the  vertical  axis,  the  pro- 
jections Ob  and  Oc  represent  instantaneous  values  of 
the  voltage  and  current,  since  they  are  equal  respectively 
to  BE  and  CL  This  method  is  often  the  most  con- 
venient to  employ  where  instantaneous  values  are  to  be 
considered.  However,  for  the  present  purpose,  in- 
stantaneous values  are  of  little  importance,  since  it  is 
either  the  maximum  or  the  effective  values  of  the  vari- 


W  (1) 

FIG.   4— INTERNAL    CONNECTIONS    OF    METEltS 

■cus  voltages  and  currents,  and  the  phase  angles  between 
them,  that  must  be  known  in  order  to  connect  electrical 
instruments  so  they  will  operate  as  desired. 

The  vector  diagram  may  be  constructed  to  repre- 
sent the  effective  values  of  voltages  and  currents  as 
well  as  the  maximum  values,  because  the  ratio  of  the 
effective  value  to  the  maximum  value  is  a  constant, 
namely,  0.5V2.  For  the  reason  that  the  effective  values 
are  used  for  ordinary  alternating-current  calculations, 
in  the  discussions  to  follow,  all  mention  of  voltage  and 
current  will  have  reference  to  the  effective  values. 

In  most  cases  it  is  not  necessary  to  construct  refer- 
ence axes  such  as  XX'  and  YY'  in  Fig.  2,  for  some 
vector,  preferably  a  voltage  vector,  may  be  used  as  a 
reference  line  and  all  other  vectors  may  be  drawn  at 
their  respective  ang'.es  to  this  reference  vector.  In  re- 
ferring to  vectors,  only  the  letters  or  figures  placed  at 


♦See  paragraph  20,  Standardization  Rules  of  the  A.  I.  E.  £ 


the  arrow  points  need  be  mentioned  for  all  vectors  are 
shown  radiating  from  the  point  which  is  the  center  of 
rotation  for  the  figure.  For  representing  the  normal 
conditions  in  a  circuit,  it  is  best  to  construct  the  vector 
diagram  on  the  basis  of  100  percent  power- factor,  and 
for  balanced  load  in  case  of  polyphase  circuits. 

CONVENTIONAL  REPRESfeNTATIONS 

A  set  of  conventional  representations  is  shown  in 
Fig.  3  that  will  be  used  in  making  all  the  wiring  dia- 
grams for  the  circuits  to  be  considered.  In  Fig.  4  is 
shown  a  schematic  representation  of  the  internal  con- 
nections of  the  different  meters.  The  following  brief 
notes  of  explanation  will  assist  in  understanding  their 
use  in  the  wiring  diagrams: — 
a — Ammeter. 

b — Voltmeter  with  external  resistor. 
c — Three-phase  power-factor  or  reactive  factor  meter 
with  external  resistors  in  series  with  the  voltage  coils. 

d — Single-phase  power-factor  or  reactive  factor  meter 
with  an  external  resistor,  which  consists  of  an  inductance 
and  a  non-inductive  resistance  connected  in  series  with  the 
two  voltage  coils  for  a  split-phase  arrangement  to  produce 
a  rotating  field. 

c — Frequency  meter  with  an  external  resistor  which 
consists  of  an  inductance  and  a  non-inductive  resistance 
connected  in  series  with  the  two  voltage  coils  for  a  split- 
phase  arrangement  to  produce  a  rotating  field. 

/ — Single-phase  wattmeter  with  external  resistor  in 
series  with  the  voltage  coil. 

g — Single-phase  watthour  meter. 
h — Polyphase  wattmeter  with  ex-  ^  j 
ternal  resistors  in  series  with  the  vol- 
tage coils.  This  instrument  consists 
of  two  single-phase  elements  actua- 
ting one  pointer  on  a  scale  which 
reads  the  total  power  measured  by ' 
the  two  elements. 

t — Single-phase  ground  detector 
which  indicates  a  ground  on  either 
line  of  a  single-phase  circuit  by  a 
pointer  attached  to  a  moving  vane.  ^ 
The  moving  vane  swings  away  from 
the  fixed  vane  connected  to  the  line 

on  which  the  ground  occurs.  '2        o        '1 e,j 

y — Three-phase    ground    detector     ^  •  *■ 

which    indicates    a    ground    on    any  F'S-  ^ 

phase  by  a  movable   indicating  vane  fjg.    5 — single-phase, 
which   swings   away    from   the   fi.xed      two-wire  circuit 
vane  connected  to  the  line  on  which 
the  ground  occurs. 

k — Polyphase  watthour  meter 
which  consists  of  two  single-phase 
elements  operating  on  one  register- 
ing mechanism  which  registers  the 
total  power  measured  by  the  two  ele- 
ments. 

/ — Polyphase  graphic  wattmeter  of  the  Kelvin  Balance 
type.  This  instrument  consists  of  two  single-phase  ele- 
ments actuating  one  pointer  and  graphic  recording  mechan- 
ism. The  paper  for  the  praphic  record  is  moved  by  a 
clock  which  is  wound  at  regular  intervals  by  a  motor,  and 
the  pen  is  also  moved  by  a  motor  which  is  controlled, 
through  a  pair  of  contacts,  by  the  power  measuring  ele- 
ments. The  power  is  supplied  to  the  clock  motor  and  pen 
motor  from  an  auxiliary  control  circuit.  The  control 
circuits  for  all  the  graphic  meters,  shown  in  the  wiri..g 
diagrams  which  follow,  are  the  same.  The  external  re- 
sistor contains  the  necessary  resistance  for  use  in  connec- 
tion with  the  control  circuits  and,  with  the  exception  of 
the  graphic  frequency  meter,  contains  the  resistances  usfd 
in  series  with  the  voltage  coils  of  the  measuring  elements. 
For  the  graphic  frequency  meter  the  inductance  and  non- 
inductive  resistance  for  the  split-phase  arrangement  are 
mounted  in  a  box  separate  from  the  control  resistor.  The 
polyphase  graphic  wattmeter  is  used  on  single-phnse  cir- 
cuits by  connecting  the  current  coils  in  series  and  the 
voltage  coils  in  parallel.  Ammeters,  voltmeters  and  other 
instruments  of  this  type  are  essentially  similar,  except  for 
the  windings  and  connections  of  the  balance  coils. 
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SINGLE-PHASE  CIRCUITS 

For  a  single-phase  two-wire  circuit  as  shown  in 
Fig.  5,  the  direction  of  power  transmission  is  indicated 
by  the  arrow  points  on  the  Hne  leads.  This  is  to  be 
taken  as  the  positive  direction  in  the  circuit  and  then 
when  the  voltage  is  in  the  direction  from  line  i  to  line 
2,  the  current  that  flows  in  line  i  is  in  a  positive  direc- 
tion, as  indicated  by  the  arrow  a.  A  vector  diai^iam 
for  this  circuit  may  be  constructed  as  shown  in  Fig.  6 
where  vector  £1  „  represents  the  voltage  when  in  the  di- 
rection J  to  i"  and  /j  represents  the  current  in  line  /. 
The  vector  h,  equal  in  length  to  and  180°  out  of  phase 
with  /j,  represents  the  current  in  a  positive  direction 
in  line  2.  Since  for  the  single-phase  two-wire  circuit 
/j  is  the  same  current  as  I^  except  in  the  opposite  di- 
rection with  reference  to  the  positive  direction  in  the 
circuit,  /„  may  be  considered  as  being  equal  to  —  /j. 

INSTRUMENT  TRANSFORMERS 

The  leads  of  voltage  and  current  transformers  are 
brought  out  and  marked  so  that  the  polarity  is  as  shown 
in  Fig.  5.     For  the  current  transformer,  the  direction 
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I-IG.    7 — CH.\RACTERISTIC    CURVES    OF    A    HIGH    GRADE 
CURRENT   TRANSFORMER 

of  the  secondary  current  through  the  ammeter  is  as 
shown  by  the  small  arrows  c  and  is  the  same  as  would 
be  the'  direction  of  the  primary  current  if  the  trans- 
former were  not  used  and  the  line  lead  were  looped 
through  the  ammeter  as  indicated  by  the  arrow  b.  The 
conditions  are  similar  for  the  voltage  transformer,  that 
is  when  the  primary  voltage  is  from  i  to  2,  the  direction 
of  the  secondary  voltage  impressed  on  the  voltmeter  is 
as  indicated  by  the  small  arrows  d  and  is  the  same  as  it 
would  be  if  the  transformer  were  not  there  and  the  taps 
from  the  line  leads  were  taken  directly  to  the  meter  as 
indicated  by  the  arrow  e. 

For  determining  from  a  vector  diagram  the  phase 
angles  between  secondary  voltages  and  currents  for 
meter  connections,  it  is  not  necessary  to  construct  a 
separate  set  of  vectors  to  represent  these  secondary 
values  for,  neglecting  phase  displacement  in  instrument 
transformers,  the  vectors  which  represent  the  primary 
values  may  be  considered  to  represent  also  the  corre- 
sponding values  on  the  secondaiy  side  of  the  trans- 
formers. When  the  correct  selection  of  the  positive  di- 
lection  has  been  made  in  the  secondary  circuits,  it  is 
sufficient  for  the  purposes  here  to  consider  the  second- 


ary voltages  and  currents  in  phase  with  the  correspond- 
ing primary  voltages  and  currents  and  simple  multiples 
of  them  as  determined  by  the  ratio  of  transformation  of 
the  instrument  transformers.  For  the  secondary  cir- 
cuits it  is  customary  to  consider  the  direction  from  the 
transformers  to  the  instruments  as  positive. 

Fig.  7  shows  typical  ratio  and  phase  displacement 
curves  for  a  good  current  transformer.  The  ratio  is 
shown  to  be  .orrect  at  eighty  peicent  of  rated  primary 
current,  which  in  general  practice  is  about  the  percent 
of  rated  primary  current  at  which  a  current  transformer 
operates  for  the  greater  part  of  the  time.  Within  the 
range  from  60  to  120  percent  of  rated  primary  current, 
the  error  in  ratio  is  very  small,  being  a  little  over  one- 
tenth  of  one  percent,  and  the  angle  of  phase  displace- 
ment is  so  small  that,  for  all  practical  purposes  it  is 
negligible.  The  better  grades  of  current  transforrr-ers 
have  a  capacity  of  fifty  volt-amperes  and  are  compen- 
sated for  a  load  of  from  twenty-five  to  forty  volt- 
amperes,  but  some  of  the  cheaper  grades  have  much 
smaller  capacities  than  this.     For  any  specific  case  the 
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FIG.    8 — CHARACTERISTIC    CURVES    OF   A    HIGH    GRADE 
VOLTAGE   TRANSFORMER 

I — For  100  percent  power-factor. 

2 — For  80  percent  power-factor. 

_j — For  60  percent  power-factor. 

4 — For  15  percent  power-factor. 

manufacturer's  recommendations  should  be  followed  as 
to  the  load  of  instrument  coils  that  can  be  connected 
to  a  given  current  transformer  tc  secure  a  satisfactory 
degree  of  accuracy.  Current  transformers  which  are 
to  be  used  only  for  actuating  trip  coils,  etc.  are  some- 
times made  up  very  cheaply,  and  while  satisfactory  for 
the  purpose  for  which  they  are  intended,  such  trans- 
formers should  not  be  used  for  meter  circuits. 

Fig.  8  shows  typical  ratio  and  phase  displacement 
curves  for  a  good  voltage  transformer  suitable  for  op- 
erating meters  and  other  apparatus  having  voltage  coils 
used  on  switchboards.  The  voltage  transformers 
usually  have  a  capacity  of  200  volt-amperes  and  are 
compensated  for  a  load  of  15  to  30  volt-amperes,  but 
they  can  be  compensated  by  the  manufacturer  for  any 
load  within  their  capacity.  Within  the  range  from  15 
to  30  volt-amperes,  the  ratio  is  ver>'  nearly  correct,  the 
maximum  variation  for  any  curve  being  about  two- 
tenths   of   one   percent.     When   compensated   for   any 
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other  load  the  ratio  would  be  correspondingly  accurate. 
Automatic  generator  voltage  regulators  require  voltage 
transformers  with  capacities  as  high  as  500  volt-am- 
peres, and  in  such  cases  separate  transformers 
should  be  used  with  them,  that  is,  meters  should 
not  be  operated  from  the  same  transformers.  For 
any  specific  case,  the  manufacturer's  recommenda- 
tions should  be  followed  as  to  the  load  of  instrument 
coils  that  can  be  connected  to  a  given  voltage  trans- 
former to  secure  a  satisfactory  degree  of  accuracy. 

In  Table  I  is  given  the  energy  in  volt-amperes  and 
watts  required  to  operate  the  different  instrument  and 
apparatus  coils  which  are  commonly  connected  to  cur- 
rent and  voltage  transformers  in  switchboard  practice. 
The  values  given  in  the  table  are  somewhat  general 
for  the  various  types  of  apparatus.  However,  for  any 
specific  case,  the  values  recommended  by  the  manufac- 
turer of  the  particular  instrument  or  piece  of  apparatus 
should  be  used  in  making  final  calculations. 

It  is  evident  that  when  a  number  of  instruments 
are  to  be  used  on  a  circuit,  it  is  not  necessaiy  to  provide 
separate  voltage  and  current  transformers  for  each  in- 
strument, unless  very  accurate  results  are  required. 
The  number  of  instruments  that  can  be  operated  from 


FIG.   9 — TYPICAL    GROUP    OF    INDICATING    METERS    AND    INTEGRATING 
WATTHOUR    METER    ON    A    SINGLE-PHASE,    TWO-WIRE    CIRCUIT 

the  same  transformers  depends  on  the  volt-amperes  re- 
quired to  operate  the  instruments,  the  capacity  in  volt- 
amperes  of  the  transformers,  and  the  accuracy  des.red. 
If  the  volt-amperes  required  to  operate  the  instruments 
greatly  exceeds  the  capacity  of  the  transformers,  the 
ratio  of  transformation  becomes  impaired  and  the  re- 
sults obtained  are  necessarily  inaccurate.  Combinations 
such  as  shown  in  the  following  figures  usually  may  be 
made  with  tlie  ordinary  transformers,  and  in  many  cases 
more  instruments  could  be  used  without  materially  im- 
pairing the  accuracy. 

INSTRUMENTS  ON  SINGLE-PHASE  TWO-WIRE  CIRCUITS 

A  group  of  meters  is  shown  in  Fig.  9  that  is  suit- 
able for  a  single-phase  two-wire  generator  or  feeder 
circuit,  or  for  station  bus-bars.  Connections  are  shown 
for  using  instrument  transformers  because  in  most 
cases  the  voltages  and  currents  are  such  that  they  are 
necessary.  The  voltage  transformer  supplies  the  volt- 
age for  the  voltmeter,  frociucncy  meter,  power-factcr  or 
reactive  factor  meter,  indicating  wattmeter,  and  the 
watthour  meter.  The  watthour  meter  is  connected  to  a 
separate  current  transformer  as  would  be  necessan.'  for 


light  load  accuracy.  The  ammeter,  power-factor,  or 
reactive  factor  meter,  and  the  indicating  wattmeter  are 
all  connected  to  the  other  current  transformer.  One 
side  of  the  instrument  transformers  is  grounded,  which 
ib  customary  practice  for  switchboard  wiring.  If  in- 
strument transformers  are  not  used,  the  ground  con- 
nection should  not  be  made,  as  it  would  ground  the 
power  lines.  The  static  ground  detector  is  connected  to 
each  line  lead  through  a  condenser,  a  condenser  be- 
ing used  for  each  lead,  so  that  it  will  indicate  when  a 
ground  occurs  and  also  which  line  becomes  grounded 

In  the  conventions  used  to  represent  the  electiical 
instruments,  no  attempt  is  made  to  show  the  internal 
connections,  which  have  all  been  given  in  Fig.  4,  but 
the  direction  that  the  current  takes  through  the  coils 
from  one  terminal  to  another  is  indicated  by  the  small 
arrows.  These  arrows  point  in  the  positive  direction 
of  the  secondary  circuits  for  the  assumed  condition 
v.'here  the  line  voltage  is  from  i  to  2  and  the  current  in 
line  /  is  in  a  positive  direction  as  indicated  by  the  arrow 
points  on  the  line  leads,  which  show  the  direction  of 
power  transmission.  For  the  instruments  having  both 
voltage  and  current  coils,  the  small  arrows  represent  the 
relative  direction  of  currents  through  these  coils  to  pro- 
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flG.    10 — TYPICAL   GROUP   OF   GRAPHIC   RECORDING    METERS   ON    A 
SINGLE-PHASE,   TWO-WIRE   CIRCUIT 

duce  correct  operation.  If  the  connections  were  so 
made  that  the  currents  would  flow  in  the  opposi^^e  di- 
rection tlirough  all  the  voltage  and  current  coils  of  an 
instrument  so  that  all  the  small  arrows  would  point  in 
the  reverse  direction,  the  instruments  would  also  op- 
erate correctly. 

The  vector  diagram  in  Fig.  6  will  apply  for  all  the 
single-phase  circuits  shown,  since  the  same  assumptions 
regarding  positive  directions  are  made  for  each  figure. 
The  connections  for  instruments  on  a  single-phase  cir- 
cuit are  so  easily  made  that  the  vector  diagram  is  of 
little  help  aside  from  representing  the  conditions  in 
the  circuit. 

In  Fig.  10  are  shown  the  ccnnections  for  a  num- 
ber of  graphic  recording  meters  for  a  single-phase  two- 
wire  circuit.  It  would  seldom  occur  in  practice  that 
so  many  graphic  records  would  be  desired  for  one  cir- 
cuit, but  the  meters  are  shown  in  one  group  to  illustrate 
the  method  of  coiuiection.  In  addition  to  the  secondary' 
circuits  of  the  instrument  transformers,  an  auxiliary 
control  circuit  is  required  to  operate  the  mechanism 
within  these  meters.  The  positive  direction  of  current 
in  the  current  and  voltage  coils  is  indicated,  but  no  at- 
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tempt  is  made  to  indicate  the  auxiliary  control  circuits, 

for  these  are  explained  in  Fig.  4  (/).  jt  is  ^^^^^  advantageous,  especially  for  distribution 

It   is   sometimes   convenient   in   an   emergency   to     circuits,  to  use  a  single-phase  three-wire  system  such  as 


use  a  polyphase  wattmeter  for  measuring  power  en  a 
single-phase  circuit.  The  polyphase  wattmeter  con- 
sists of  two  single-phase  wattmeter  elements  acting  on 
the  same  pointer  or  register.  Two  possible  connect'ons 
are  shown  in  Figs.  11  and  12.  In  Fig.  11  the  current 
coils  are  connected  in  series  and  the  voltage  coils  in 
parallel.  The  reading  obtained  with  this  connection  is 
twice  the  actual  power,  but  is  the  most  accurate  indica- 
tion because  both  elements  of  the  meter  will  be  operat- 


shown  in  Fig.  13.  The  voltage  from  each  of  the  main 
line  leads  to  the  neutral  lead  is  that  desired  for  dis- 
tribution, the  voltage  between  the  two  outside  or  main 
leads  being  double  the  distribution  voltage.  The  load  is 
connected  between  each  of  the  outside  leads  and  the 
neutral  so  that  there  is  as  near  an  equal  load  on  h6th 
sides  as  possible.  It  is  evident  that  when  the  load  is 
evenly  divided,  there  will  not  be  any  current  flowing  in 
the  neutral  line.     The  only  current  that  the  neutral  line 


ing  on  the  values  of  current  and  voltage  for  which  they  p^.^j.  joes  carry  is  that  due  to  the  difference  in  load  on 
were  designed.  In  Fig.  12  the  current  coils  are  in 
parallel  and  the  voltage  coils  are  in  parallel.  With  this 
arrangement  the  meter  registers  actual  power,  but  the 
readings  may  not  be  as  accurate  as  for  the  connection 
in  Fig.  II  because  of  the  low  value  of  current  in  the 
current  coils  due  to  the  parallel  connection.  Even  if 
the  current  coils  have  exactly  the  same  impedance,  so 
that  the  current  divides  equally,  at  full  load  the  cur- 
rent which  flows  through  the  current  coil  of  each  ele- 
ment is  only  one-half  of  that  for  which  the  meter  is 
designed,  and  for  smaller  loads  is  correspondingly  less. 


the  two  sides. 

In  Fig.  13  connections  are  shown  for  a  group  of 
meters  which  is  suitable  for  a  single-phase  three-wire 
circuit.  Voltage  transformers  are  not  shown,  for 
usually  the  voltage  in  such  circuits  is  low  enough  that 
they  are  not  necessary.     In  this  case  the  voltage  cir- 


FIGS.    II    AND    12 — CONNECTIONS   FOR   A    POLYPHASE   WATTMETER   ON 
A    SINGLE-PHASE   CIRCUIT 

Fig.     II — With    the    current  Fig.     12 — With    the    current 

coils    connected    in    series    the  coils  connected  in  parallel  the 

indication   is   twice   the   actual  indication  is  the  actual  power, 
power. 
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FIG.    13 — TYPICAL   GROUP    OF    METERS    ON    A    SINGLE-PHASE, 
THREE-WIRE   CIRCUIT 

Using   instrument    switches    for    reading    the   voltage   and 
current  in  each  side  of  the  circuit  with  a  single  voltmeter  and 


TABLE   I— ENERGY   REQUIRED   TO    OPERATE   ALTERNATING  CURRENT 
INSTRUMENT   COILS   AT    5    AMPERES   OR    100    VOLTS 


Current  Element 


25   Cycles       60   Cycles 


Ammeter 

Ammeter 

Graphic  Ammeter 

Graphic  Ammeter 

Voltmeter 

Graphic  Voltmeter 

Graphic  Voltmeter 

Wattmeter 

Graphic  Wattmeter 

Gr.   Wm.   Control   Cir 

Watthour    Meter 

Power-Factor  Meter 

Graphic  P. -P.   Meter 

Reactive  Factor  Meter.  .  . 
Graphic    R.    F.    Meter.  .  .  . 

Frequency   Meter 

Graphic   Freq.   Meter 

Synchronoscope 

Overload   Relay 

Reverse  Power  Relay.  .  .  . 

Low   Voltage   Relay 

Voltage    Regulator 

Cir.   Bkr.   Trip   Coil 

Cir.  Bkr.  Trip  Coil 

Cir.  Bkr.  Low   Volt.  Coil. 
Direct  Trip  Relay 


Kclay    

Solenoid    .  .  . 
Induction     .  . 

Relay    

Solenoid    .  .  . 
Switchboard 

Relay     

Relay    

Switchboard 
Iron   Vane    . 

Relay    

Iron   Vane    . 

Relay    

Induction    .  . 
Relay    


Induction 
Induction 
Induction 


3.1 
8.0 
10.0 
16.0 


Liirht    Pull 
Heavy    Pull 


Normal    Pos. 


118.0    111  .0    117.0 


20.0    llO.O   135.0   [17.5 


Voltage   Element 


10.9 
14.5 
1.7 
7.6 
9.7 
36.0 


13.3 
13.3 
13.3 
24.0 
42.0 
13.3 

14,5 
13  3 
60.0 


9.7 
15.5 
28.0 

6.65 

9.7 
24.0 

1.6 
12.1 


12.1 
18.0 
30.0 
12.1 


31.7 
7.6 
9.7 
36.0 
12.3 
13.3 
13.3 
13.3 
13.3 
24.0 
42.0 
13.3 


8.4    127.5 

I 
I 


9.7 
14.5 
28.0 

6.65 

9.7 
24.0 

1.6 
12.1 
12.1 
12.1 


cuits  of  the  meters  are  not 
grounded.  In  many  distribu- 
tions circuits,  the  neutral  line  is 
grounded,  and  when  this  is  done 
the  voltage  circuit  of  the  meters 
is  grounded.  The  positive  di- 
rection of  voltage  for  the  circuit 
may  be  assumed  to  be  from  line 
J  to  line  2,  and  it  follows  that 
the  positive  direction  of  the 
voltages  for  the  two  sides  is 
from  line  i  to  neutral  and  from 
neutral  to  line  2,  and  the  meters 
are  connected  in  accordance 
with  these  assumptions.  The 
frequency  meter,  shown  con- 
nected between  line  /  and  the 
neutral  may  be  connected  be- 
tween the  outside  lines,  if  the 
voltage  is  not  too  high  for  the 
meter  coils.  The  current  trans- 
formers are  so  connected  that 
the  current  which  flows  through 
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the  wattmeter  is  a  measure  of  the  combined  current 
in  lines  /  and  2  and,  since  the  voltage  coil  of 
the  wattmeter  is  connected  to  the  voltage  between  one 
line  and  neutral,  the  meter  reads  the  total  power  in 
both  sides  of  the  circuit.  The  ammeter  may  be  cha.iged 
from  one  side  to  the  other  by  means  of  the  ammeter 
switch,  and  the  development  of  this  switch  shows  how 
the  circuits  are  made  for  the  different  positions.  For 
the  off  position,  the  points  i,  j  and  2  are  connected  to- 
gether and  point  4  is  open,  and  the  currents  from  the 
current  transformers  in  lines  /  and  2  combine  and  ftow 
out  on  the  wire  connected  to  point  2  without  any  cur- 
rent flowing  through  the  ammeter.  For  position  J, 
points  /  and  4  are  connected  together  and  points  2  and 
J  are  connected  together  so  that  the  current  from  the 
current  transformer  in  line  /  flows  out  on  the  wire  from 
point  4,  through  the  ammeter,  thus  giving  a  reading  of 
the  current  in  line  /,  and  then  it  combines  with  the 
current  from  the  current  transformer  in  line  2  which 
flows  out  on  the  wire  from  point  2.  For  position  2, 
points  J  and  4  are  connected  together  and  points  r  and 
2  are  connected  together  so  that  the  current  from  the 
current  transformer  in  line  2  flows  out  on  the  wire 
from  point  4  through  the  ammeter,  thus  giving  a  read- 


ing of  the  current  in  line  2,  and  then  it  combines  with 
the  current  from  the  current  transformer  in  line  / 
which  flows  out  on  the  wire  from  point  2.  The  com- 
bined current  from  the  two  transformers  flows  through 
the  power-factor  or  the  reactive  factor  meter  so  that 
this  instrument  gives  an  indication  of  what  might  be 
considered  as  the  power-factor  of  the  sum  of  the 
loads  on  the  two  sides.  The  voltmeter  may  be  changed 
from  one  side  to  the  other  by  means  of  the  voltmeter 
switch.  The  development  of  this  switch  shows  how  the 
circuits  are  made  for  the  different  positions.  For  the 
off  position,  all  the  points  are  open  and  the  voltmeter 
is  entirely  disconnected.  For  position  /,  points  2  a:jd  j 
are  connected  together  and  points  5  and  6  are  connected 
together  so  that  line  /  is  connected  to  one  terminal  of 
the  voltmeter  and  the  neutral  is  connected  to  the  other 
terminal  and  the  voltmeter  gives  a  reading  of  the  volt- 
age between  line  /  and  neutral.  For  position  2,  points 
1  and  2  are  connected  together  and  points  4  and  5  are 
connected  together  so  that  line  2  is  connected  t^  i 
terminal  of  the  voltmeter  and  the  neutral  is  connected 
to  the  other  and  the  voltmeter  gives  a  reading  of  the 
voltage  between  the  neutral  and  line  2. 


i:S(bru\of  Mot'O?  Starters- 

H,  D    Iames  and  R.  E.  DeCamp 


THE  term  "autotransformer  starter"  is  appli.'!d  to 
all  alternating-current  motor  starters  using  auto- 
transformers  for  obtaining  a  reduced  starting 
voltage.  When  the  power  transformers  can  be  pro- 
vided with  low-voltage  taps  for  starting  purposes,  the 


FIG.    I MANUAL    AUlUbTAKTLR 

The  starters  are  entirely  enclosed  and  operated  from  the 
outside. 

same  results  are  obtained,  as  far  as  the  motor  is  con- 
cerned, but  the  problems  which  relate  to  the  autotrans- 
former itself  are  eliminated.  This  type  of  starter  is 
used  for  squirrel-cage  induction  motors  and  synchron- 


ous motors.  Usually  it  consists  of  autotransformers 
associated  with  switching  mechanisms  and  provided 
with  overload  and  low-voltage  protection.  Two 
methods  of  switching  may  be  employed: — 


FIG.   3 — AUTOMATIC 
AUTOSTARTER 

These  starters  can  be  en- 
FiG.  2 — INTERIOR  MiAv  OK  .MANUAL    closcd    in    a    Cabinet    when 
AUTOSTARTER  ncccssary. 

I — The  more  common  method  is  to  connect  the 

motor  directly  to  the  low-voltage  tap  of  the  autotrans- 
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former  for  starting,  and  disconnect  it  entirely  to  change 
to  full  voltage.  When  this  method  is  used  with  large, 
high-speed  motors  a  heavy  surge  of  current  may  ti  ke 
place  when  the  motor  is  connected  to  full  voltage.* 

2 — This  difficulty  with  large  motors  can  be  avoided 
by  connecting  the  motor  to  the  full  voltage  taps  without 
disconnecting  the  windings  from  the  autotransformer 
by  using  preventive  resistance  jt  reactance  coils  to  re- 
duce the  short-circuited  current  at  the  time  of  transfer 
from  the  starting  to  the  line  taps;  or  one  end  of  the 
autotransformer  winding  may  be  disconnected  from 
the  line  and  the  balance  of  the  winding  used  as  a  choke 
coil  during  the  transition,  as  shown  in  Fig.  5. 

ADVANTAGES 

An  autotransformer  is  used  instead  of  a  resistance 
to  obtain  a  reduced  voltage  for  starting  purposes  be- 
cause less  current  is  taken  from  the  line,  due  to  the 
transformer  action.  The  motor  current  is  proportional 
to  the  voltage  applied  and  to  this  must  be  added  a  small 
value  to  take  care  of  the  losses  in  the  transformers. 
For  instance,  on  the  65  percent  tap,  the  saving  in  line 
current  would  be  in  the  neighborhood  of  30  percent. 
This  is  illustrated  in  Figs.  6  and  7.  The  advantage  of 
using  an  autotransformer  in  starting  is  proportional  to 
the  nercent  reduction  in  voltage  impressed  upon  the 
motor.  It  can  readily  be  seen  that  if  90  percent  of  line 
voltage  is  required  to  start  the  motor,  the  saving  in  line 
current  would  be  small  when  we  consider  the  losses  in 
the  transformer  itself.  If  50  percent  voltage  is  neces- 
sary to  start,  the  saving  would  be  quite  large.  The 
question  naturally  arises,  if  90  percent  of  line  voltage  is 
required  to  start  the  motor  why  not  connect  the  motor 
to  the  line  and  avoid  the  expense  in  the  starter.  This 
'.s  frequently  done  and  in  many  cases  is  the  proper  solu- 
tion,* but  the  torque  of  the  motor  is  thus  increased  19 
percent  and  this  excess  starting  torque  may  throw  off 
the  belt  or  have  some  other  undesirable  effect.  By  us- 
ing an  autostarter,  the  starting  torque  can  be  adjusted 
as  desired  so  that  there  is  a  decided  advantage  in  hav- 
ing an  autostarter  even  though  the  saving  is  small. 

EXCITING  CURRENT    (MAGNETIZING  CURRENT) 

The  autotransformer  has  an  exciting  current,  in 
addition  to  its  load  current,  which  is  composed  of  two 
principal  items,  the  magnetizing  current  (a  zero  power- 
factor  current)  and  the  iron  loss  current  (a  100  percent 
power-factor  current).  These  two  elements  give  a  re- 
sulting current  which  may  have  z  power-factor  as  high 
as  the  power-factor  of  the  induction  motor  when  it  is 
connected  to  the  line  and  the  rotor  is  stationary.  Re- 
ferring to  Fig.  8,  the  exciting  cunent  in  the  longer  sec- 
tion of  the  autotransformer  tends  to  flow  in  opposition 
to  the  load  current.     Since  these  two  currents  have 


power-factors  which  are  not  far  apart,  the  load  current 
tends  to  neutralize  this  magnetizing  current  and  it  ia 
possible  so  to  proportion  the  load  current  that  there 
will  be  very  little  PR  loss  in  the  larger  part  of  the 
transformer  windings.  This  condition  is  only  ap- 
proached in  practice  but  it  illustrates  the  fact  that  the 
magnetizing  current  actually  reduces  the  PR  loss  in  the 
larger  part  of  the  transformer  windings.  The  two  cur- 
rents add  in  the  small  end  of  the  transformer  winding 
so  that,  as  the  starting  voltage  is  decreased,  the  effect  of 
this  magnetizing  current  becomes  more  and  more  ap- 
parent. The  current  taken  by  the  motor,  however^ 
decreases  with  the  decreasing  voltage  so  that  one  effect 
offsets  the  other  to  a  considerable  extent. 

The  distribution  of  current  in  an  autotransformer 
during  the  starting  of  the  motor  is  illustrated  by  Figs. 
9  and  ID.  Assume  that  the  autotransformer  starter  has 
been  designed  for  a  30  horse-power,  three-phase,  44O' 
volt  motor  and  that  the  root  mean  square  current  of 
this  motor  per  phase  during  acceleration  is  82  amperes 
when  connected  to  65  percent  of  normal  voltage  (Fig. 
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*For  a  discussion  of  this,  see  paper?  by  H.  D.  James,  R.  E. 
Hellmund  and  A.  A.  Gazda,  A.  I.  E.  E.  Transactions  of  Feb. 
1917,  pp.  253,  321  and  339. 


*See  "Manual  Starters   for  Small  SquirrcI-Cage  Induction 
Motors"  in  the  Journal  for  December,  1919. 
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Fig.  4  Fig.  5 

FIG.   4 — DIAGRAM    OF    AUTOSTARTER    USING    PREVENTIVE    RESISTANCK 

Switches  /  are  first  closed  and  low-voltage  from  the  trans- 
former A  is  supplied  to  the  motor  •primary.  Switches  2  are 
closed  when  the  motor  has  accelerated  and  line  voltage  is 
impressed  on  the  motor.  The  end  section  of  transformer^  A 
is  short-circuited  through  switches  /  and  2  but  the  preventive 
resistance  limits  the  short-circuit  current  to  a  safe  value. 
Switches  /  are  then  opened  and  the  transformer  disconnected. 
With  this  method  the  motor  circuit  is  not  opened  during  the 
transition  period.  The  resistance  may  be  replaced  by  a  re- 
actance.    The  action  is  then  similar  in  effect. 

FIG.   5 — DIAGRAM     OF    AUTOSTARTER    USING    THE    TRANSFORMER    AS 
REACTANCE 

Switches  /  and  2  are  first  closed,  impressing  low  voltage 
on  the  motor.  Switches  2  are  opened  when  the  motor  has 
accelerated,  and  the  end  windings  of  the  transformer  act  as 
reactances  in  the  motor  circuit.  Switches  3  are  then  closed 
and  full  voltage  is  impressed  on  the  motor.  In  this  case  the 
motor  circuit  is  not  opened  up  during  the  transition  from  low 
to  high  voltage. 

9).  Also  assume  that  the  exciting  current  of  the 
transformer  is  22  amperes.  The  motor  current  is 
divided  between  sections  a  and  b  of  the  transformer  as 
follows: — Section  a,  53  amperes  and  section  b,  29  am- 
peres. In  section  a,  the  two  currents  add  making  a 
total  of  53  -\-  22  or  75  amperes.  In  section  b,  the  cur- 
rents subtract  making  a  total  of  29  —  22  or  7  amperes. 
Since  section  b  represents  65  percent  of  the  total  wind- 
ing, the  total  heating  in  the  transformer  is  reduced  by 
the  exciting  current.  If  the  motor  is  connected  to  the 
80  percent  tap,  (Fig.  9)  the  heating  in  the  transformer 
is  still  less,  although  the  motor  current  is  greater,  be- 
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cause  section  o  which  carries  the  extra  current  is  only 
20  instead  of  35  percent  of  the  total  winding. 

Now  assume  that  the  30  horse-power  starter  was 
used  for  starting  a  five  horse-power  three-phase,  440 
volt  motor.  The  full-load  current  of  this  motor  is  ap- 
proximately 15  amperes  when  connected  to  65  percent 
cf  normal  voltage.  This  motor  current  is  distributed  in 
the  transformer  windings  as  follows :— Section  a,  10 
amperes  and  section  b  5  amperes.  With  22  amperes 
exciting  current,  the  total  current  in  section  a  will 
therefore,  be  10  -j-  22  or  32  amperes  as  compared  with 
75  amperes  for  the  30  horse-power  motor.  The  cur- 
rent in  section  b  will  be  22  —  5  or  ly  amperes  total  as 
compared  with  7  amperes  for  the  30  horse-power  motor. 
The  heating  effect  of  the  current  in  section  b  is,  there- 
fore, about  six  times  as  great  foi  the  five  horse-power 
as  for  the  30  horse-power  motor.  If  the  five  horse- 
power motor  is  connected  to  the  80  percent  tap,  the  dif- 
ference will  be  still  greater. 

These  two  examples  show  that  a  large  starter  used 
on  a  small  motor  may  heat  up  more  than  if  used  with 
the  motor  for  which  it  is  designed.  The  two  above  ex- 
amples mentioned  are  exaggerated  and  the  currents  do 
not  cancel  to  the  full  extent  shown  due  to  the  diflfer- 


HG.     6 — SINGLE-PHASE    DIAGRAM  FIG.     7 — SINGLE-PHASE    DIAGRAM 

OF      CIRCUIT      WITH      RESISTANCE  OF     CIRCUIT     WITH      AUTOTRANS- 

FOR     STARTING    TO    GIVE    8o    PER-  FORMER    FOR     STARTING     TO    GIVE 

CENT    OF    LINE    VOLTAGE    AT    THE  8o  PERCENT  OF  LINE  VOLTAGE  AT 

MOTOR   TERMINALS,    ROTOR  THE     MOTOR     TERMINALS,     ROTOR 
LOCKED  LOCKED 

Motor  and  Resistance  , ,  _, 

Characteristics.  ^foto""  Characteristics. 

Resistance  total   2.68  ohms.         Resistance  0.9  ohms. 

Reactance  3.20  ohms.  Reactance  3.2  ohms. 

Impedance  4.18  ohms.  Impedance  3.32  ohms. 

Line  current  lOS  amps.  Line  current  84  amps. 

Wattless  current  80  amps.  Wattless  current  80  amps. 

Power  taken   from  the  line,       Power  taken   from  the  lino, 
29.6  kw.  10  kw. 

The  above  diagrams  show  the  advantage  of  using  a  trans- 
former instead  of  a  resistance  for  squirrel-cage  motor  starting. 
A  similar  diagram  with  65  percent  of  line  voltage  at  the  motor 
terminals  shows  that  the  power  taken  from  the  line  is  nearly 
five  times  that  taken  with  an  autotransformer  and  the  current 
30  percent  greater.  The  transformer  characteristics  are  neg- 
lected in  the  above  analysis. 

ences  in  phase  angles;  the  examples  are  simplified  to 
make  them  easy  to  follow.  In  making  applications  of 
Starters  to  small  motors,  care  should  be  exercised  and, 
when  in  doubt,  the  matter  should  be  referred  to  the  mo- 
tor builder.  It  is  evident  tliat,  if  the  exciting  current 
were  zero  or  had  a  very  small  value,  an  advantage 
would  be  gained  by  using  a  large  starter  with  a  small 
motor,  in  the  same  way  that  a  resistor  will  heat  up  less 
with  a  small  inotor  than  a  large  one.  This,  however, 
makes  a  very  poor  transformer  when  used  with  a  mo- 
tor of  normal  rating.  The  exciting  current  should  be 
made  large  enough  to  reduce  the  heating  materially  on 
tlie  65  or  80  percent  tap.     Most  motors  are  started  on 


the  80  percent  tap  and,  therefore,  the  maximum  benefit 
from  this  exciting  current  is  obtained. 

Another  way  to  analyze  this  problem  is  to  consider 
that  the  magnetizing  current  taken  by  the  motor  is  fixed 
for  a  given  voltage.  The  autotransformer  furnishes 
this  magnetizing  current  to  the  motor.  In  the  section 
of  the  transformer  between  the  motor  terminalb,  the 
magnetizing  current  required  by  the  transformer  is  ap- 
proximately I  So  degrees  out  of  j.hase  relation  with  the 
magnetizing  current  taken  by  the  motor.  This  results 
in  the  magnetizing  current  of  die  one  cancelling  that  of 
the  other.  If  these  magnetizing  currents  are  equal 
there  will  only  be  a  small  flow  of  current,  due  to  differ- 
ence of  phase  relation  between  the  currents. 

The  section  of  the  transformer  winding  between 
the  motor  terminals  and  the  line,  designated  as  section 
7  in  Figs.  9  and  10,  has  a  magnetizing  current  flowing 
through  its  windings  which  is  not  neutralized  by  the 
magnetizing  current  of  the  motor.  The  two  magnetiz- 
ing currents  add  vectorially  and  tend  to  heat  these  wind- 
ings due  to  the  PR  loss.     If  the  resistance  of  this  por- 


FIC.   8 — DIVISIONS    OK    CURRENT    IN    A.\    AUTOTRANSFORMER 

/  =  Load  Current. 

/oi  =  Excitation  current  of  the  transformer. 
This  diagram  shows  how  the  exciting  current  cancels  out 
the  load  current  in  the  larger  part  of  the  autotransformer 
winding.  The  load  current  represented  as  100  percent  divides 
in  proportion  to  the  tap  ratio.  In  the  case  shown,  with  the  80 
percent  tap,  20  percent  of  the  load  current  tends  to  flow  through 
the  large  number  of  turns  and  80  percent  throu.gh  the  small 
number  of  turns.  But  the  exciting  current  and  load  curretit 
in  the  large  number  of  turns  oppose.  During  starting,  when 
the  power-factor  of  these  currents  is  approximately  equal,  they 
subtract  almost  directly.  The  net  resultant  current,  therefore, 
in  the  large  number  of  turns  is  small  and  consequently  the 
heating  effect  is  small,  since  the  heating  varies  as  the  square 
of  the  current.  These  currents  add  in  the  small  number  of 
turns,  but  since  this  is  a  heavy  winding  designed  to  carry  load 
current,  the  additional  heating  effect  is  small.  The  same  effect 
is  produced  if  the  autotransformer  is  connected  on  the  65  per- 
cent tap. 

tion  of  the  winding  is  kept  low,  the  actual  wattage  loss  is 
also  low,  this  being  only  a  question  of  design. 

Now  consider  the  current  taken  from  the  line. 
This  is  made  up  of  two  components,  one  the  energy 
component  and  the  other  the  magnetizing  component. 
If  the  magnetizing  current  of  the  transformer  subtracts 
from  the  magnetizing  current  of  the  motor  in  section 
b,  the  heating  effect  in  section  b  of  the  transformer 
windings  is  comparatively  small.  By  properly  design- 
ing the  short  section  of  the  transformer  winding  (sec- 
tion a)  so  as  to  keep  down  the  PR  loss,  the  actual  loss 
in  the  transformer  can  be  made  low.  This  condition  is 
obtained  by  having  the  transformer  exciting  current  ap- 
proximately equivalent  to  the  exciting  current  of  the 
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motor  and  holds  good  for  only  one  particular  size  and 
design  of  motor.  When  designing  commercial  auto- 
transformers,  it  is  necessary  to  select  a  certain  range  of 
motor  sizes  and  speeds,  and  select  a  motor  magnetizing 
current  which  represents  the  average  value  and  then 
make  the  magnetizing  current  of  the  transformer  equal 
to  this  value.  The  windings  of  the  transformer  must 
be  proportioned  for  the  worst  condition,  which  is  ob- 
tained in  section  o  of  the  winding  when  the  largest  mo- 
tor is  being  used  and  in  section  h  of  the  transformer 
winding  when  the  difference  between  the  motor  mag- 
netizing current  and  the  transformer  magnetizing  cur- 
rent is  a  maximum.  An  additional  allowance  must 
also  be  made  for  small  differences  in  phase  angles. 

It  will  be  seen  from  the  above  that  the  exciting  cur- 
rent of  a  properly  designed  autotransformer  for  inter- 
mittent starting  should  be  much  larger  than  for  power 
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FIG,    9 — 30    HP    ,\UTOTRANSFORMER    STARTER    CONNECTED    TO    65 
PERCENT   OF    NORMAL   VOLTAGE 

The  diagram  shows  the  distribution  of  current  during  the 
starting  period  based  on  the  root  mean  square  value  of  the 
motor  current  during  acceleration.  It  is  assumed  that  the  ex- 
citing current  is  22  amperes  and  is  approximately  in  phase  with 
the  motor  current.  This  assumption  is  not  strictly  correct,  1% 
the  phase  angles  of  the  various  components  of  the  current  are 
unsymmetrical  and  the  current  values  do  not  add  or  subtract 
directly.  The  current  components  also  differ  in  each  of  the 
two  phases.  The  diagram  is  made  approximately  correct  for 
purposes  of  illustration  and,  therefore,  does  not  take  into 
account  the  minor  difference  enumerated  above. 

transformers.  This  excess  magnetizing  current  will 
overheat  section  b  of  the  transformer  winding,  if  left 
on  for  any  considerable  length  of  time  without  the  mo- 
tor load,  because  thei'e  is  no  cancellation  of  current  in 
this  section  of  the  transformer  winding. 

The  additional  current  taken  from  the  line  by  the 
autotransformer  is  very  small.  It  is  found  by  actual 
test  that  the  transformer  current  adds  approximately 
five  percent  to  the  power  input  when  the  motor  is  con- 
nected to  65  percent  of  line  voltage. 

The  exciting  current  varies  with  the  voltage  and 
ithe  frequency.     Each  time  the  magnetism  in  the  iron 


reverses,  it  generates  a  voltage  in  the  transformer  wind- 
ings. The  product  of  this  magnetism,  multiplied  by  the 
number  of  turns  in  the  coil,  multiplied  by  the  frequency, 
must  balance  the  line  voltage.  Since  the  number  of 
turns  in  the  coil  has  a  fixed  value  for  a  particular 
design,  an  increase  in  voltage  at  a  constant  frequency 
would  require  a  corresponding  increase  in  magnetism  in 
order  to  balance  this  increased  line  voltage.  If  the 
voltage  remains  constant  and  the  frequency  decreases, 
an  increase  in  magnetism  would  be  required  to  make 
the  product  constant.  When  the  iron  in  the  autotrans- 
former is  worked  hard,  as  is  the  case  in  autotransfoi'mer 
starters,  an  increase  in  magnetism  requires  a  consider- 
able increase  in  exciting  current,  the  iron  loss  going  up 
quite  rapidly  at  this  part  of  the  magnetization  curve. 
Therefore,  any  unusual  increase  in  voltage  or  decrease 
ill  frequency  will  cause  a  proportionally  larger  increase 
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FIG.    10 — 30    HP   AUTOTRANSFORMER    STARTER    CONNECTED   TO   80 
PERCENT   OF   NORMAL  VOLTAGE 

The  diagram  shows  the  distribution  of  current  during  the 
starting  period  based  on  the  root  mean  square  value  of  the 
motor  current  during  acceleration.  It  is  assumed  that  the 
exciting  current  is  22  amperes  and  approximately  in  phase  with 
the  motor  current.  This  assumption  is  not  strictly  correct  as 
the  phase  angles  of  the  various  components  of  the  current  are 
unsymmetrical  and  the  current  values  do  not  add  or  subtract 
directly.  The  current  components  also  differ  in  each  of  the 
two  phases.  The  diagram  is  made  approximately  correct  for 
purposes  of  illustration  and,  therefore,  does  not  take  into 
account  the  minor  differences  enumerated  above. 

in  the  exciting  current.  Standard  autotransformer 
starters  are  designed  and  guaranteed  to  operate  success- 
fully on  ten  percent  variation  -n  the  line  voltage,  pro- 
vided the  frequency  remains  constant. 

MOTOR    TORQUE 

The  torque  of  an  induction  motor  varies  as  the 
square  of  the  impressed  voltage.  It  is  usual  to  express 
the  starting  characteristics  of  an  induction  motor  by 
stating  that  it  has  a  certain  locked  torque.  This  is  the 
torque  exerted  when  the  rotor  is  stationary  and  normal 
voltage  is  applied  to  the  primary  windings.  This  tor- 
que is  usually  expressed  in  terms  of  the  full-load  torque. 
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Thus  a  motor  having  a  locked  torque  of  two,  means 
that  the  torque  at  zero  speed  is  equal  to  twice  full-load 
torque  with  normal  voltage  on  the  primary.  If  70  per- 
cent voltage  were  applied  to  the  motor  primary,  the 
motor  would  exert  a  torque  equivalent  to  two  multiplied 
by  (0.70^)  or  98  percent  of  full  load  torque.  This 
starting  torque  is  independent  of  the  method  employed 
for  obtaining  the  reduced  voltage.  Some  times  the 
claim  is  made  that  a  motor  will  start  with  one  starter 
and  not  with  another,  the  inference  being  that  the 
starters  have  different  effects  on  the  motor  torque.  This 
is  only  true  if  the  starters  provide  different  voltages  at 
the  motor  terminals.  The  tap  voltages  on  an  autotrans- 
former  are  usually  expressed  in  percentage  of  full  volt- 
age. These  percentages  are  not  exact,  as  it  is  necessary 
to  compensate  for  the  voltage  drop  through  the  trans- 

TABLE  I-  TEST  ON  A  100  HORSE-POWER,  60  CYCLE, 
3  PHASE,  220  VOLT  MOTOR  WITH  AUTOSTARTER 

Showing    voltages    and    starting    torques    of    the    motor    with 
balanced  and  unbalanced  tap  connections. 


Test  on  65%   Tap,  Motor  Locked. 

Line 

Volts 

Volts  at  Motor 
Terminals 

Motor 
Torque 

No 

Load  1  With  Load 

Li  to  L3 
L2  to  L3 
Li  to  L2 

230 
229 
229 

199 
196 
194 

1 18.5 

120 

122 

278  Ib.-ft. 

Test  with  ( 

3ne  Winding  Connected  on  the 
md  the  Other  on  the  80%  Tap. 

55%  Tap 

Li  to  L3 
L2  to  L3 
Li  to  L2 

1 
229           190        1          130 
229           184                  141 
229           193                   121 

334  lb.- ft. 

Test  With  80%  Tap. 

Li  to  L3 
L2  to  L3 
Li  to  L2 

229 
229 
229 

i88 
185 
188 

141 
139 
141 

410  Ib.-ft. 

These  tests  show  that  the  transformers  in  "V"-conncction 
give  nearly  balanced  voltages  with  balanced  taps.  The  starting 
torques  obtained  with  unlialanced  taps  is  approximately  the 
average  of  the  two  torques  which  would  be  obtained  with  cither 
balanced  connection. 

former.  This  compensation  differs  with  different  mo- 
tors owing  to  the  variation  in  the  starting  current.  It 
is,  therefore,  improbable  that  two  different  types  of 
starters  would  give  exactly  the  same  voltage  at  the  mo- 
tor terminals  and  this  is  probably  the  explanation  of 
the  failure  of  one  type  to  start  the  motor,  while  the 
other  was  successful.  The  difference  in  voltage  may 
appear  trivial  but  it  must  be  remembered  that  the  ef- 
fect varies  as  the  square  of  the  difference  in  voltage  and 
that  a  little  extra  torque  may  be  all  that  is  required  to 
cause  the  motor  to  start  rotating.  As  soon  as  the  mo- 
or commences  to  rotate,  the  friction  decreases  and  the 
torque  of  the  motor  gradually  increases,  so  that  the 
critical  period  is  the  instant  of  starting.  Some  mo- 
tors exert  a  slightly  different  torque  when  starting,  de- 
pending upon  the  location  of  the  rotor  slots  relative  to 
the  primary  winding.     This  variation  of  starting  torque 


is  usually  quite  small  but  as  it  may  be  appreciable  in 
particular  motors,  it  should  be  taken  into  consideration. 

ADJUSTMENT  OF   STARTING   VOLTAGE 

The  starting  voltage  can  be  adjusted  by  changing 
the  starting  connections  from  one  transformer  tap  to 
another.  If  the  autotransformers  are  provided  with  65 
and  80  percent  taps,  42  and  64  percent  of  the  locked  tor- 
que of  the  motor  can  be  obtainea  when  starting.  For 
the  sinaller  motors  less  than  42  percent  of  the  locked 
torque  is  not  necessary  but  the  larger  starters  sometimes 
have  a  50  percent  tap  which  provides  25  percent  of 
locked  torque  for  light  starting  conditions.  Where  in- 
termediate values  of  starting  torque  are  necessary,  they 
can  be  obtained  by  connecting  one  starting  lead  to  the 
next  higher  starting  tap.  For  instance,  if  one  side  is 
connected  to  the  65  percent  tap  and  the  other  side  to  the 
So  percent  tap,  an  intermediate  value  of  starting  torque 
will  be  obtained  with  an  intermediate  value  of  power 
input.  Connections  of  this  kind  unbalance  the  phases 
so  that  more  current  is  taken  from  one  phase  than  from 

TABLE  n— COMPARATIVE  TEST  ON  A 
THREE-PHASE,  60  CYCLE,  6  POLE  MOTOR 

Showing  starting  torque  with  autotransformers  in  open  V  and 
in  Y  with  100  percent  voltage  applied  to  transformer  windings. 


Motor 
Torque 

Three  Transformers 
Y-Connected 

Two  Transformers 
Open  V-Connecttd 

At  65% 
Voltage 

33.5%   of  locked  torque 
34.3%   of  locked  torque 

33.1%   of  locked  torque 
34.0%  of  locked  torque 

At  80% 
Voltage 

52.0%  of  locked  torque 
52.4%  of  locked  torque 

51.7%  of  locked  torque 
52.2%   of  locked  torque 

the  other.  The  amount  of  this  unbalancing,  however, 
is  considerably  less  than  the  difference  in  voltages  after 
the  motor  begins  to  revolve.  In  no  case  is  the  current 
tnken  from  either  phase  greater  than  would  be  taken 
if  both  leads  were  connected  to  the  higher  voltage. 

Table  I  gives  the  results  of  a  test  made  with  both 
balanced  and  unbalanced  connections  and  shows  the 
torques  and  voltages  at  the  motor  terminals.  The  use 
of  two  autotransformers  in  a  V-connection  for  start- 
ing three-phase  motors  is  sometiines  criticized  on  the 
grounds  that  it  produces  unbalanced  voltages  at  the  mo- 
tor terminals  and,  therefore,  decreases  the  starting  tor- 
que of  the  motor.  The  tests  in  Tables  I  and  II  showr 
that  this  small  amount  of  unbalancing  may  be  neglected. 
The  torque  exerted  by  the  motor  in  starting  from  rest 
is  practically  the  same  as  with  three  autotransformers 
connected  in  delta.  The  variations  in  the  starting  tor- 
que exerted  by  different  motors  of  the  same  design  due 
tc  irregularity  of  manufacture  is  considerably  greater 
than  the  effect  of  slight  unbalancing  and  the  point  is 
thus  theoretical  rather  than  practical.  The  advantage 
of  two  transformers  rather  than  three  in  reducing  com- 
plication and  simplifying  the  connections  is  a  practical 
consideration. 
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TIME-TEMPERATURE  CHARACTERISTICS 

The  Electric  Power  Club  has  agreed  that  the  stand- 
ard s,tarting  period  for  manually-operated  autotrans- 
f(jrmer  starters  is  fifteen  seconds.  This  is  an  arbitrary 
designation  and  means,  nothing  until  a  careful  study  is 
made  of  the  autotransfonner  when  starting  a  motor.  It 
does  not  mean  that,  if  the  startihg  period  exceeds  fif- 
tenn  seconds  for  one  start,  the  transformer  will  be 
injured.  In  1912,  the  National  Board  of  Fire  Under- 
writers agreed  with  the  manufacturers  to  use  an  ar- 
bitrary "stand"  test  for  autotransformer  starters.  This 
test  consisted  in  connecting  the  line  wires  to  full  voltage 
and  applying  three  times  full-load  motor  current  to  the 
starting  tap,  the  starting  tap  to  be  selected  from  40  to  65 
percent  of  line  voltage.  With  these  connections,  the 
line  voltage  was  impressed  on  the  starter  for  fifteen 
seconds  every  four  minutes.  The  remaining  three  and 
three-quarter  minutes  permit  the  transformer  to  cool. 
This  test  was  repeated  for  one  hour,  which  is  equivalent 
to  fifteen  starting  periods,  and  was  based  on  the  assump- 
tion that  the  heating  effect  in  the  starter  was  equivalent 
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FIG.    II — TYPICAL  TEMPERATURE  CHARACTERISTICS  OF  AN 
AUTOTRANSFORMER 

Curve  /  shows  the  maximum  number  of  starts  allowable 
in  one  hour  for  a  given  duration  of  the  starting  period,  based 
on  the  Underwriter's  specifications.  Curve  2  shows  the 
temperature  rise  by  resistance  for  a  single  start  of  a  given 
duration,  based  on  the  Underwriter's  specifications  of  full  load 
current  on  the  65  percent  tap. 

to  that  which  would  occur  in  starting  under  abnormal 
conditions.  The  test  under  these  extreme  conditions 
was  to  determine  the  probability  of  fire  hazard. 

Since  that  time,  manufacturers  have  been  design- 
ing their  autotransformers  to  meet  this  test.  It  should 
not  be  assumed,  however,  that  a  commercial  starter  can 
be  applied  where  it  is  necessary  to  start  as  frequently  as 
indicated  by  this  test.  Standard  starters  may  be  used 
for  accelerating  motors  where  the  starting  period  is  ap- 
proximately fifteen  seconds  and  not  over  six  or  eight 
starts  are  made  without  allowing  the  transformers  to 
cool  down  to  the  room  temperature.  Several  starts  of 
a  longer  period,  even  as  long  as  thirty  seconds,  can  be 
made  if  the  transformer  is  cold  and  the  starts  not  re- 
peated too  often.  Fig.  11  indicates  the  relative  increase 
in  temperature  under  different  starting  conditions. 

OVERLOAD  AND  LOW-VOLTAGE   PROTECTION 

Autotransformer  starters  are  usually  provided  with 
overload  relays  having  two  coils,  one  coil  connecteJ  in 


each  of  two  phases.  The  relays  are  provided  with  oil 
dashpots.  The  results  of  tests  made  on  relays  of  this 
type,  show  that  they  have  a  considerable  time  element 
which  is  sufficient  for  inost  applications.  It  is  desirable 
to  set  this  relay  for  as  low  a  current  value  as  operating 
conditions  will  permit.  The  lower  the  setting  the  better 
the  protection  afforded  the  motor. 

Autotransformer  starters  of  the  manual  type  are 
provided  with  low  voltage  protection  consisting  of  a 
magnet  which  releases  the  switch  element  and  stops  the 
motor  when  there  is  an  abnormal  drop  in  voltage.  The 
coils  are  guaranteed  for  operation  on  ten  percent  above 
normal  voltage  at  rated  frequency.  In  some  cases  the 
voltage  during  the  night  has  been  25  or  30  percent  in 
excess  of  normal.  This  may  destroy  the  coil,  particu- 
larly if  the  air-gap  in  the  iron  circuit  is  not  in  first  class 
adjustment.  Where  abnormally  high  voltages  of  this 
kind  occur,  the  minimum  voltage  is  often  above  normal. 
In  such  cases,  special  coils  can  be  furnished  to  suit  the 
range  of  voltage  obtained  on  the  circuit. 

USE  ON  OTHER  VOLTAGES  AND  FREQUENCIES 

Autotransformer  starters  can  be  used  on  other  volt- 
ages and  frequencies  than  those  for  which  they  are 
rated.  In  making  such  interchanges,  three  elements  are 
affected,  viz : — the  autotransformer ;  the  low  voltage 
coil ;  and  the  overload  relay. 

The  low  voltage  coil  is  tlie  most  sensitive  to  changes 
iir  voltage  or  frequency,  as  excess  voltage  will  cause 
it  to  overheat,  and  on  low  voltage  it  will  fail  to  hold. 
It  is,  however,  independent  of  the  size  of  motor,  in 
fact,  coils  of  the  same  size  may  be  used  on  a  complete 
line  of  starters.  A  decrease  in  voltage,  will  counter- 
balance a  decrease  in  frequency.  For  instance,  a  550 
volt  60  cycle  coil  will  probably  operate  successfully  on  a 
460  volt  50  cycle  circuit,  allowing  a  ten  percent  varia- 
tion from  this  value,  which  is  within  the  normal  guaran- 
tee. For  other  line  characteristics,  the  proper  coil  can 
easily  be  substituted  for  the  one  in  the  starter. 

Autotransformers  should  not  be  used  on  voltages 
more  than  ten  percent  in  excess  of  their  normal  rating 
but  they  may  be  used  for  any  voltage  of  less  value,  pro- 
vided the  current  of  the  motor  does  not  exceed  the  nor- 
mal value  for  that  particular  transformer.  For  in- 
stance, a  30  horse-power,  440  volt  autotransformer 
starter  can  be  used  with  a  15  horse-power,  220  volt  mo- 
tor by  changing  the  low  voltage  coil.  It  is  obvious  that, 
if  the  current  value  is  kept  the  same,  the  overload  re- 
lay will  not  be  affected.  If  the  frequency  is  decreased 
the  voltage  should  also  be  decreased  as  for  example,  the 
550  volt,  60  cycle  transformer  can  be  used  on  440  volt, 
50  cycles  for  a  motor  which  is  proportionally  smaller. 

If  the  frequency  is  above  normal,  as  when  a  25 
cycle  starter  is  used  on  a  40  cycle  circuit,  the  trans- 
former will  be  satisfactory  and,  if  the  size  of  motor  is 
lept  the  same,  the  starter  can  be  used  by  changing  the 
low  voltage  coil,  but  a  change  in  frequency  over  this 
range  may  also  require  a  change  in  the  shading  coil  on 
the  magnet  if  the  best  results  are  to  be  obtained. 
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Repairing  Loose  Housings  on  Split  Frame  Motors 


When  the  two  halves  of  a  split-frame  motor  are  bolted 
together  for  the  machining  of  the  housing  fit,  a  liner  of  sheet 
steel  about  0.017  inch  thick  is  placed  at  the  split  to  insure  a 
good  clamping  action  on  the  housing  when  the  two  halves  of 
the  motor  frames  are  bolted  together.  During  the  overhauling 
period,  or  when  motor  troubles  have  developed  and  frames  arc 
opened  up  to  take  out  the  armatures,  there  is  a  possible  chance 
of  losing  this  clamping  action  in  reassembling,  due  to  one  or 
more  of  the  following  reasons: 

a — Frame  bolts  not  drawn  up  tight. 

b — Leaving  off  the  lock  washers. 

c — Using  a  poor  grade  of  bolt  which  will  stretch. 

d — Presence  of  dirt  at  split  of  motor  frame. 
Motors  operating  under  the  above  conditions,  due  to  the 
pounding  action  of  the  armature  and  hamrner-blows  in  passing 
over  the  rail  joints,  will  soon  develop  considerable  wear  of  the 
housings  and  housing  seats,  as  well  as  the  tap  bolts  and  tapped 
holes  in  the  housings.  This  type  of  housing  is  shown  in  Fig.  i. 
This  trouble  has  been  one  of  the  main  factors  leading  to 
the  development  of  the  present  standard  bo.x  type  motor,  with 
housings  that  have  a  tight  driving  fit  in  the  ends  of  the  solid 
frame  which  has  practically  eliminated  loose  housings  in  rail- 
way motors.     See  Fig.  2.     A  number  of  methods  for  repairing 


With  a  Shrunk  on  Steel  Ring — The  worn  tap  bolt  holes 
should  be  bored  out  large  and  cast  iron  (which  has  been  found 
to  give  best  results)  plugs  driven  tightly  in  these  enlarged  holes. 
The  worn  housings  are  then  turned  down  and  a  steel  ring  about 
%  inch  thick  is  shrunk  on  the  housing.  If  the  housing  has  a 
double  flange  one  of  these  must  be  turned  off  and  a  new  flange 
made  on  the  shrunk  on  ring.  It  is  then  turned  down  to  such 
a  diameter  as  to  insure  a  good  tight  clamping  action  of  the 
two  halves  of  the  motor  frame  when  bolted  together.  New 
holes  are  drilled  and  tapped  in  the  housing  through  the  shrunk 
on  ring  inlo  the  cast  iron  plugs  to  receive  the  tap  bolts. 
BUILDING    UP    HOUSING    SEATS  IN  MOTOR  FRAME 

IViih  Electric  or  Oxy-Acetylcnc  Welding — The  housing 
seat  in  the  motor  frame  is  built  up  by  means  of  the  electric 
or  oxy-acctylcne  welding  process  and  rebored  to  a  smaller 
diameter,  to  fit  the  worn  housing  (which  should  first  be  tniad 
up)  with  enough  allowance  to  insure  a  good  tight  clamping 
action  of  the  two  halves  of  the  motor  frame  when  bolted 
together. 

With  Metal  Liner— The  housing  seat  in  the  motor  frame 
is  bored  out  and  then  built  up  by  means  of  a  semi-circular  steel 
liner,  riveted  in  place,  after  which  it  should  be  welded  at 
several  points.     The  housing  seats  are  then  rebored  to  fit  the 


-SHUT     FRAME     MdlOK     WITH     TAP- 
BOLT  TYPE  HOUSING 


loose  housings  in  split  frame  motors,  some  temporary,  others 
permanent,  have  been  tried  out  on  various  properties  and  found 
to  work  very  satisfactorily.  Some  of  these  methods  are  out- 
lined below : — 


BUILDING  UP  WORN  HOUSINGS 

With  Canvas  DkcA— Strips  of  canvas  duck  treated  with 
white  load  are  placed  on  the  worn  housing,  building  it  up  ti 
such  a  diameter  as  to  insure  a  good  tight  clamping  action  of  the 
two  halves  of  motor  frame  when  bolted  together.  In  order  to 
check  whether  the  two  halves  of  the  frame  of  the  motor  are 
clamping  the  housings,  it  should  be  possible  to  get  a  0.005  to 
0.007  in.  feeler  between  the  frames  at  the  split  when  they  are 
bolted  together  with  built-up  housings  in  place. 

With  Advertising  Sign  Cardi— Strips  of  advertising  sign 
cards  held  in  place  by  shellac  are  fastened  to  the  worn  housing, 
building  it  up  to  such  a  diameter  as  to  insure  a  good  tight 
clamping  action  of  the  two  halves  of  the  motor  frame  when 
bolted  together, 

U-'ith  Electric  or  O.ry-Acctylene  Welding— V^hcn  the  hous- 
ing is  not  too  badly  worn,  if  made  of  malleable  iron,  it  can  be 
built  up  by  means  of  the  electric  or  oxy-acctylen  ■  wclditig 
process,  after  which  it  is  machined  to  fit  the  housing  scat  in 
the  motor  frame,  plus  enough  allowance  to  insure  a  good  tight 
clamping  action  of  the  two  halv(=  of  the  motor  frame  when 
bolted  together. 


H0.\    FRAME    MOTOR    WITH    DRIVEN-  FIG.    3— SPLIT    FRAME    MOTOR    WITH 

IN   TYPE   HOUSING  THROUGH-HOLT  TYPE   HOUSING 

worn  housings   (which  should  first  be  trued  up)   with  enough 
allowance  to  insure  a  good  tight  clamping  action  of  the  two 
halves  of  the  motor  frame  when  bolted  together. 
MACHINING    FRAME    AT    SPLIT    OF    MOTOR 

Machine  olT  enough  metal  at  the  split  of  both  halves  of 
the  motor  frame  to  insure  a  good  tight  clamping  action  on  the 
worn  housing  of  both  halves  of  the  motor  frame  when  bolted 
together.  When  this  method  is  used  it  will  be  nece.<sary  to 
reborc  the  pole  faces,  to  see  that  the  correct  air-gap  is  main- 
tained. 

REPAIRING   WORN   BOLT   HOLES 

In  connection  with  the  repairs  of  worn  bearings,  the  fol- 
lowing methods  have  been  used  to  fix  up  the  worn  tap  bolt 
holes : 

n_Use  a  longer  tap  bolt,  which  will  engage  the  lower 
threads  of  the  tapped  holes  in  the  housing  that  have  not 
been  damaged  by  the  loose  shorter  bolts. 

;,_Fill  up  the  old  worn  holes  by  welding  in,  preferably 
Tobin  bronze,  and  reboring  and  retapping  new  holes. 

f_DrilI  out  the  worn  holes  to  a  larger  diameter  and 
threading  in  a  steel   plug,  welded  at  edges.     This  plug  is 
then  drilled  and  tapped  to  take  the  standard  size  bolts. 
d — Retapping  worn  holes  for  next  larger  size  bolts. 
c — Where   shrunk  on   rings   are   used,   drill   out   large 
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and  drive  cast  iron  plugs  tightly  into  these  enlarged  holes. 

Drill  and  tap  new  holes  in  the  plugs. 
THROUGH    BOLT    TYPE    OF    HOUSING 

A  new  type  of  housing,  arranged  with  through  bolts  as 
shown  in  Fig.  3,  is  being  used  to  replace  the  old  badly  worn 
tap  bolt  type  of  housing.  This  type  of  housing  is  also  used 
on  new  split  frame  motors  of  more  recent  design.  With  this 
through  bolt  construction,  housings  can  readily  be  kept  in  good 
condition,  as  there  are  no  tapped  holes  in  the  housing  to  wear, 
should  they  tend  to  work  loose  in  service.  If,  on  account  of 
lack  of  maintenance,  the  threads  of  the  through  bolts  become 
worn  or  damaged,  they  can  readily  be  renewed  at  a  small 
expense. 


PRECAUTIONS  TO  KEEP  HOUSINGS  FROM  WEARING 

On  motors  of  the  split-frame  type,  using  either  the  new 
tap  bolt  type,  revamped  tap  bolt  type,  or  the  new  through-bolt 
type  of  housing,  to  insure  against  housings  working  loose,  it 
is  advisable : — 

a — To  keep  frame  bolts  and  housing  bolts  drawn  up 
tight. 

b — To  see  that  lock  washers  are  on  all  bolts. 

<■ — To  use  a  good  grade  of  heat  treated  steel  bolts. 

d — When  assembling  motors  remove  all  dirt  at  the  split. 

c — To  keep  armature  bearings  in  good  condition. 

/ — To  inspect  bolts  regularly  and  systematically,  and 
keep  them  drawn  up  tight. 

John  S.  Dean. 


bers  are  invited  to  use  this  department  as  a 
ng  autnentic  information  on  electrical  and 
hjects.  Qiiestons  concerning  general  engineer- 
practice  and  questions  regarding  apparatus  or 
ired  for  particulars  needs  will  be  answered, 
gai  (ting  ^  esign  or  redesign  of  individual  pieces 
uif.ot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  seif-address,  stsmped  en- 
velope should  accompany  each  quer>*.  All  data  necessary  for 
a  complete  understanding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available;  however,  as  each 
queston  is  answer*  d  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


1840 — Induction  Regul-\tor — Why  is 
the  exciting  current  so  high  in  an  in- 
duction regulator?  Why  is  the  sec- 
ondary in  single-phase  regulators 
wound  in  open  slots  and  the  tertiary 
iti  closed  slots? 

W.K.G.    (pa.) 

An  induction  regulator  resembles  an 
induction  motor  in  that  it  has  an  air- 
gap  between  the  primary  and  secondary 
core.  The  exciting  current  is,  there- 
fore, comparable  with  that  of  an  in- 
duction motor  rather  than  with  that  of 
a  transformer,  which  has  no  air-gap  in 
the  magnetic  circuit.  Main  windings 
are  wound  in  open  slots  so  that  form 
wound  coils  can  be  used.  This  type  of 
coil  can  be  wound,  insulated  and  placed 
into  the  slots  more  easily  than  any 
other,  particularly  when  high  voltages 
are  involved.  The  tertiary  coils,  re- 
quiring practically  no  insulation,  are  put 
into  partially  closed  slots  so  as  to  re- 
duce the  reluctance  at  the  air-gap  and 
thus  reduce  the  exciting  current. 

E.E.L. 

1S41— Wrenches  for  Mine  Locomotives 
— What  type  and  style  of  wrenches 
are  used  to  tighten  gear  bolts  on  the 
gears  on  the  driving  axle  of  mine 
locomotives?  Can  these  be  pur- 
chased from  the  locomotive  manu- 
facturer? Usually  these  are  in  a  very 
hard  and  close  place  to  get  at  and  to 

•  get   them   perfectly    tight   is    difficult. 

F.H.    (W.VA.) 

The  manufacturers  of  gears  for  loco- 
motives do  not  in  general  furnish  wren- 
ches for  removing  split  gears,  for  the 
reason  that  most  of  the  operators  have 
their  own  methods.  It  is  also  con- 
sidered much  easier  for  the  operator  to 
make  his  own  wrench  to  suit  any  par- 
ticular gear.  The  gears,  when  applied 
by  the  manufacturer  on  the  locomotive, 
are  tightened  before  the  motors  and 
other  parts  are  assembled  on  the  loco- 
motive. They  use,  in  all  cases  where 
possible,  a  box  or  socket  type  wrench. 
In  some  cases  it  will  be  found  possible  to 
use  an  "S"  wrench.  A  large  bituminous 
coal  operator  was  asked  recently  how 
he   tightened   split   gear   bolts.     He   an- 


swered that  in  all  cases  the  wheels  and 
axles  together  with  the  motor,  are  re- 
moved from  under  the  locomotive. 
The  gear  case  and  motor  are  then  re- 
moved and  the  bolts  tightened  by  the 
use  of  a  socket  wrench.  This  method 
of  tightening  gear  bolts,  as  u.sed  by  this 
operator,  is  considered  the  best  in  order 
to  insure  that  gears  will  be  tight  on  the 
axle.  It  not  only  provides  greater  ac- 
cessibility for  tightening  the  gears  on 
axle,  but  also  perinits  a  very  thorough 
inspection  on  the  gearing  and  motors. 
Manufacturers  of  gears  have  found 
from  experience  that  in  railway  and 
mining  fields,  split  gears  will  always  be 
a  source  of  trouble.  Practically  all 
railway  operating  companies  are  now 
standardizing  on  solid  forged  steel 
gears,  and  this  is  also  true  of  several 
large   coal   operators.  d.e.s. 

1842 — Lamp  Resistance — If  a  60-watt 
Mazda  lamp  is  connected  in  series 
with  a  60-watt  carbon  lamp,  and  the 
voltage  varied  from  10  percent  above, 
to  10  percent  below  normal  voltage, 
how  will  the  resistance  of  the  circuit 
varj',  or  to  what  extent  will  the  nega- 
tive temperature-coefficient  of  the  car- 
bon filament  compensate  for  the  posi- 
tive coefficient  of  the  tungsten  fila- 
ment? H.F.   W.   (COL.) 


tribution  of  voltage  between  carbon  and 
tungsten  lamps  in  series  is  shown  in  Fig. 
(a),  both  of  these  curves  being  worked 
out  on  a  percentage  basis  in  order  to  be 
applicable  to  any  size  of  lamp.  The  re- 
sistance of  any  lamp  at  normal  voltage 
can  of  course  be  calculated  from  the 
watt  and  voltage  rating.  For  example 
a  60  watt,  1 10  volt  lamp  equals  E'-r-W 
:=202  ohms.  At  ten  percent  above  nor- 
mal voltage  of  the  two  lamps  in  series, 
from  Fig.  (a)  the  Mazda  lamp  will  have 

112.5  percent  normal  voltage  across  it 
and  the  carbon  lamp  will  have  107.5  Per- 
cent of  normal  voltage  across  it.  Then 
from  Fig.  (b)  the  relative  percent  re- 
sistance of  the  tungsten  lamp  will  be 
105-37  or  212.7  ohms,  while  the  carbon 
lamp  will  be  99.3  percent  of  normal  or 

200.6  ohms.  This  w\\\  present  an  in- 
crease in  the  total  resistance  of  the  cir- 
cuit of  2.3  percent.  The  curve  shows 
that  the  carbon  lamp  has  almost  the 
same  effect  on  the  Mazda  as  a  constant 
resistance  would  have,  since  the  carbon 
lamp  has  very  nearly  a  constant  resis- 
tance throughout  a  considerable  voltage 
range  around  normal.  Values  for  any 
other  voltage  can  be  readily  determined 
from  the  curves. 

E,J.E.   AND  E.G.W. 
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The    effect    of    a    change    of    voltage 

upon  the  resistance  of  tungsten  metal.- 

lized     filament    and     carbon     lamps     is 

shown   in    Fig.    (b).     The   relative   dis- 


FIG.    1842(b) 

1S43  —  Elevator  Operations  —  Please 
give  your  opinion  as  to  the  idea  of 
service,     etc.,     with     14     elevators — if 
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each  one  were  equipped  with  a  cur- 
rent relay  in  the  main  elevator  fee- 
ders or  a  subdivision  of  the  main  cur- 
rent of  all  elevators  on  each  starting 
panel  in  circuit  with  the  main  panel 
spool  to  open  the  spool  circuit  of  each 
elevator  at  any  time  the  total  current 
used  by  all  the  elevators  exceeds  a 
determined  amount.  The  idea  is  to 
hold  for  an  instant  the  starting  of 
any  elevator  if  the  current  limit  is  ex- 
ceeded by  those  starting  or  in  oper- 
ation;  say  if  the  needle  of  the  main 
ammeter  sometimes  swings  to  1500 
to  hold  it  down  to  the  point  where  it 
would  not  exceed   1000  amperes. 

J. EM.    (MICH.) 

The  service  would  be  materially  and 
probably  seriously  affected  by  a  current 
limit  device  such  as  outlined  in  the 
question.  The  elevators  would  be  held 
too  long  in  starting,  as  the  current 
peaks  of  the  machines  already  under 
way  would  cover  a  period  sometimes  of 
three  or  four  seconds.  Of  course,  all 
of  the  elevators  do  not  leave  the  starter 
simultaneously,  but  after  all  elevators 
are  operating  at  floors  above  the  first 
you  may  readily  obtain  a  condition 
wherby  a  number  of  elevators  would  be 
accelerating  at  the  same  time,  which 
cause  the  current  relay  to  maintain  an 
open  circuit  in  the  control  feed  or  cer- 
tain other  elevators,  in  which  case  the 
operator,  after  moving  the  car  switch  to 
the  running  position,  would  never  be 
sure  just  when  his  car  would  start.  In 
cases  where  the  operators  do  not  make 
accurate  landings  and  have  to  "inch"  to 
the  floor  level,  this  condition  would  be 
a  source  of  annoyance  and  considerable 
loss  of  time.  It  would  also  create  a  bad 
impression  of  the  elevator  equipment. 
Perhaps  the  most  important  con- 
sideration is  that  these  interruptions  in 
the  service  would  occur  during  peak 
loads  at  rush  hours.  If  the  elevator 
load  is  too  heavy  for  the  power  supply 
at  certain  periods,  it  will  be  better  to 
shut  down  one  or  more  elevators  at  that 
time  and  handle  the  traffic  with  all  pos- 
sible facility  witli  the  remaining  cars. 
If  the  power  is  supplied  by  a  central 
station,  there  should  be  no  limit  to  the 
power  supply  and  all  of  the  cars  would 
bo  available  at  the  rush  hours.  The 
only  time  there  would  be  any  demand 
for  a  current  relay  scheme,  as  outlined, 
would  appear  to  be  in  case  of  elevators 
operating  from  a  private  source  of 
supply.  H.UK. 

1844 — Heating  of  Porcelain  Insul- 
ators— What  is  the  maximum  temp- 
erature to  which  porcelain  of  the  wet 
process  make  and  used  for  bus  sup- 
ports, etc.,  is  submitted  during  manu- 
facture? What  is  the  maximiim 
temperature  to  which  such  porcelain 
can  be  raised  both  slowly  and  stid- 
denly  after  manufacture  without  un- 
due risk  of  cracking? 

li.E.c.  (pa.) 
The  maximum  temperature  reached 
in  the  firing  of  wet  process  electrical 
porcelain  is  generally  1330  to  1350 
degrees  C.  (2426  to  2462  degrees  F.) 
The  last  30  to  50  degrees  rise  are  a 
matter  of  several  hours  so  as  to  make 
sure  the  thickest  parts  of  the  porcelain 
are  well  vitrified.  Most  electric.il  por- 
celain may  be  raised  from  room  temp- 
erature to  500  or  600  degrees  F.  sud- 
denly without  much  danger  of  cracking. 
It  may  also  be  cooled  from  such  lemp- 


erature  rapidly.  A  great  number  of 
continuous  repetitions  would  in  time 
cause  a  break  down.  If  the  heating 
and  cooling  were  done  slowly,  however, 
the  process  could  be  carried  on  in- 
definitely. Good  porcelain  should 
stand  plunging  from  boiling  into  ice 
water  a  great  number  of  times.  If  por- 
celain is  heated  to  500  degrees  F.  and 
then  quenched  in  ice  water,  immediately 
placed  in  a  temperature  of  500  degrees 
again,  and  the  cycle  repeated  indef- 
initely, the  glaze  will  usually  show  signs 
of  cracking  after  to  or  12  cycles,  and 
the  body  itself  will  usually  begin  to 
show  signs  of  deterioration  after  a  few 
more  cycles.  It  should  be  taken  into 
consideration  also,  that  the  design  of 
the  porcelain  will  affect  the  resistance 
to  sudden  heat  change  to  a  large  e.xtent. 
Designs  changing  thickness  of  section 
rather  sharply  will  not  stand  temp- 
erature changes  so  well  as  porcelain  of 
more  uniform  section. 

R.A.K. 

1S4S— Exploring    Coil— I    am    desirous 
of    making   a   temperature    test    on   a 
300   hp,   60   cycle,   220   volt,    slip    ring 
motor.     Please   inform   me   as   to   the 
following   points: — (a)    Would   a    re- 
sistance coil  made  of  insulated  nickel 
wire    wound   on    a    strip   of    mica,    be 
suitable  for  a  resistance  unit  to  place 
in  a  slot  between  the  upper  and  lower 
halves  of  the  coils,     (b)   What  should 
be  the  size  of  the  wire?     (c)   Is  there 
any   wire    that    would   be   better   than 
nickel?     (d)    Can   resistance  measure- 
ments be   made   when   the  machine   is 
running   or    would    a   voltage    be    im- 
pressed  at   the  ends  of  the   resistance 
unit   that   would   damage   the   Wheat- 
stone  bridge,  or   render  the  measure- 
ments  made   in   this   way   inaccurate. 
G.A.s.   (minn.) 
A  suitable  exploring  coil  can  be  made 
of     insulated     nickel     wire.     The     wire 
should  be  about  No.  30,  so  that  it  will 
carry     the     current     which     may     flow 
through    it    when    measuring    the    resis- 
tance,  and  yet  not   increase   appreciably 
in   resistance.     An   exploring   coil   made 
of    No.    38    single    silk-covered    copper 
wire    is    often    used,     .'\bout   45    feet    is 
used   and    wound   on   the   desired   insul- 
ation   with    the    leads    made    of    copper 
ribbon     running    through     the    coil.     It 
must  be  wound   in   two   layers   and   the 
leads  brought  out  together,  so  that  the 
voltage    induced    in   one   layer    and   one 
lead,   is   equal   and   opposite   to   that   in- 
duced   in    the    other    layer    and    lead. 
With  this  condition,  the  resistance  may 
be     measured     satisfactorily     when     the 
machine  is  running.  r.R.c. 

i846^Dynamic  Braking  —  Can  dy- 
namic braking  be  employed  with 
single-phase,  two-phase  and  three- 
phase  squirrel-cage  induction  mo- 
tors?    Please  explain  how? 

p.c.w.  (onto) 
Dynamic  braking  with  induction  mo- 
tors divides  itself  into  two  classes. 
First;  braking  to  prevent  a  load  (such 
as  a  car  descending  a  grade)  from 
greatly  exceeding  its  normal  speed,  or 
running  away.  Second ;  braking  for 
the  purpose  of  bringing  the  motor  and 
its  load  from  full  speed  to  standstill. 
Dynamic  braking  of  the  first  class  can 
be  accomplished  with  any  induction 
motor  by  simply  leaving  the  primary 
connected  to  the  line  and  allowing  the 


load  to  run  the  motor  slightly  above 
synchronism  as  an  induction  generator. 
For  a  given  percentage  increase  in 
speed  above  synchronism  the  braking 
torque  will  be  approximately  equal  to 
the  torque  when  operating  as  a  motor 
at  the  same  percentage  decrease  in 
speed,  or  slip,  below  synchronous  speed. 
Braking  of  the  second  class  cannot  be 
accomplished  with  a  single-phase  squir- 
rel-cage motor,  but  can  be  accomplished 
with  either  a  two-phase  or  a  three- 
phase  squirrel-cage  induction  motor  by 
reversing  two  of  the  primary  leads 
(that  is  by  reversing  the  direction  of 
rotation  of  the  magnetic  field  set  up 
by  the  primary).  The  primary  circuit 
must  be  opened  as  soon  as  the  motor 
comes  to  rest  or  otherwise  the  motor 
will  speed  up  in  the  opposite  direction. 
In  the  case  of  large  size  squirrel-cage 
induction  motors  care  should  be  taken 
not  to  reverse  the  primary  field  at  full 
voltage,  as  the  current  at  reversal  will 
be  larger  than  the  locked  current  taken 
by  the  motor  at  the  same  voltage,  and 
this  large  current  would  be  apt  to 
damage  the  windings  of  the  motor, 
either  by  distorting  them  or  over  heat- 
ing them.  GT.s. 

1547—  Single- Phase  Self-Starting 
Synciironou.s  Induction  Type  Motor 

— In  connection  with  an  X-Ray  outfit, 
there  is  a  small  motor  used  for  driv- 
ing a  commutating  device  at  synchro- 
nous speed  in  connection  with  the  al- 
ternating-current direct-current  supply 
to  the  X-Ray  tube.  This  motor  is 
self-starting  on  closing  the  main 
switch,  and  runs  synchronously  on  the 
200  volt,  50  cycle  single-phase  mains, 
taking  about  200  watts.  There  is  no 
auxiliary  direct-current  supply  avail- 
able. The  external  appearance  and 
size  of  the  motor  is  similar  to  that  of 
an  alternating-current  induction  fan 
motor.  How  is  the  self-starting  syn- 
chronous  feature  obtained? 

F.W.W.     (aUST.) 

This  is  an  ordinary  split-phase  induc- 
tion motor  with  definite  polar  projec- 
tions on  the  rotor.  It  starts  as  an  in- 
duction motor  and  runs  as  an  attraction 
iTiotor  i.  e.  the  polar  projections  follow 
the  rotating  field  and  will  remain  in 
synchronism  up  to  a  considerable  load. 

G.H. 

1548—  Transparent  Non-Infla.mable 
Sheet  Insulator — I  would  like  to 
get  some  transparent  sheets  of  the 
general  nature  of  bakelite.  Bakelite 
is  not  made  in  sheets  in  its  transparent 
state  and  perhaps  it  would  be  too  brit- 
tle for  my  purpose  if  it  were.  Cellu- 
loid is  too  inflamable  for  what  I  want. 
.\  mixture  of  celluloid  and  bakelite 
might  do,  but  I  suppose  no  one  would 
be  interested  enough  to  try  them  or 
offer  an  opinion.  Do  you  know  of 
anything  that  is  not  a  conductor  of 
electricity  and  that  is  transparent, 
colored  and  made  in  sheets  around 
1/16  inch  thick  that  can  be  bent  with- 
out breaking. 

G.E.W.    (ENGLAND) 

Cellulose  acetate  is  the  closest  ap- 
pro.ach  to  a  non-inflammable,  trans- 
parent, flexible  insulator.  Unfortunately 
it  is  not  entirely  free  I'n n  objection  as 
an  insulator  in  that  it  is  somewhat 
hygroscopic.  The  non-inflammable  cellu- 
loids are  practically  the  same  thing  as 
cellulose  acetate.  h.c.p.W. 
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NOTICE  TO  SUBSCRIBERS 
Copies  of  the  "Table  of  Contents"  and 
of  the  "Topical  Index  for  iqtq,  are 
now  available  and  will  be  forwarded  to 
Journal  subscribers  on  request.  With 
this  Index  another  five  year  period  is 
begun,  the  Index  for  igi8  having  been 
a  complete  Five  Year  Index.  The 
Electric  Journal  is  unique  in  that  any 
article  which  has  appeared  in  any  of  its 
volumes  can  be  quickly  located  by 
referring  to  but  three  indexes.  The 
price  of  the  Inde.x  for  1919  or  the  Five 
Year  Index  is  25  cents  per  copy. 


HAVE  YOUR  JOURNALS  BOUND 
The  Index  and  Title  Page  for  1919 
volumes  are  now  ready  for  use.  Nt 
■other  similar  publication  has  a  record 
of  over  15000  volumes  bound  by  its  own 
bindery.  To  keep  your  set  complete, 
you  should  forward  your  copies  for  1919 
promptly  for  binding,  either  to  us  or 
your  local  binder.  The  cost  for  binding 
is  $2.00  per  volume,  transportation 
charges  to  be  paid  by  purchasers.  We 
do  not  aim  to  make  any  profit  on  bind- 
ings but  do  this  work  as  a  means  of 
assisting  our  subscribers  to  keep  their 
•copies  in  permanent  and  readily  avail- 
able form. 


THE   BENJAMIN    INDUSTRIAL 
LIGHTING  BOOK. 

The  Benjamin  Electric  Mfg.  Com- 
pany of  Chicago  has  published  a  book 
on  Industrial  Lighting  that  embodies 
much  practical  information  for  apply- 
ing the  principles  laid  down  by  illumina- 
•ting  engineers  as  the  best  practice  in  the 
lighting  of  buildings  and  areas  devoted 
to  industrial  uses.  The  book  has  been 
prepared  with  a  view  of  being  helpful  to 
anyone  whose  objective  is  the  attain- 
ment of  correct  industrial  lighting.  It  is 
a  response  to  the  demand  for  genuine 
service  to  all  departments  of  industry, 
seeking  to  raise  standards  of  production, 
reduce  accidents,  and  spoilage,  and  to 
make  the  task  of  the  worker  more  ac- 
■ceptable  through  the  application  of 
higher  lighting  intensities.  The  con- 
siderations governing  the  selection  of 
lamps  and  reflectors  are  explained  in 
simple  terms.  There  is  a  chapter  on 
general  illuminating  information,  with 
tables  and  definitions  which  reduce  to 
simple  terms  the  complex  formula  out 
of  which  correct  deductions  with  regard 
to  the  specification  of  lamps  and  fix- 
tures are  resolved.  There  is  a  table 
giving    the     foot-candle    intensities    de- 


sirable as  worked  out  from  a  consensus 
of  the  best  opinions  of  illuminating  en- 
gineers and  physicists,  and  a  complete 
presentation  of  the  electrical  symbols 
used  on  architect's  drawings.  The  cata- 
log data  relating  to  Benjamin  industrial 
lighting  equipment  is  arranged  in  or- 
derly sequence,  carefully  indexed,  and 
gives  the  reader  a  comprehensive  idea 
of  the  material  available  to  meet  a  wide 
range  of  industrial  lighting  requirement. 
A  feature  of  unusual  interest  is  the 
charts  of  industrial  fixtures  which  pre- 
sent a  study  of  reflector  contour,  light 
distribution  diagram  and  lamp  so  that 
the  specification  for  any  particular  use 
is  easily  arrived  at  without  recourse  to 
any  data  other  than  that  given  in  this 
book.  Numerous  examples  of  indus- 
trial lighting  requirements,  with  actual 
photographic  reproductions  of  results, 
add  greatly  to  the  usefulhiess  of  this 
very  practical  book  on  lighting  require- 
ments. Copies  of  this  book  will  be  sent 
to  those  interested,  on  request. 


NEW  NORMA  FACTORY 
— On  December  loth  the  Norma — Com- 
pany of  America,  manufacturers  of 
"NORMA"  Precision  Bearings,  moved 
its  factory  from  the  Bronx,  New  York 
City,  to  Anable  Ave.,  Long  Island  City, 
N.  Y.  where  a  modern  four-story  rein- 
forced concrete  building  has  been  ac- 
quired. Under  the  new  arrangement  a 
largely  increased  factory  space  is  se- 
cured, making  possible  increased  out- 
put of  "NORMA"  Bearings  necessitated 
by  the  growing  demand  for  these  high- 
precision  units.  The  new  plant  is  being 
rapidly  equipped  with  the  special  ma- 
chines needed  for  precision  manufac- 
ture, and  the  full  capacity  will  be  avail- 
able shortly.  The  executive  ofiices  at 
1790  Broadway  have  been  consolidated 
with  the  factory  at  the  new  address. 

NEW  BOOKS 
Dyke's  Automobile  And  Gasoline  Ency- 
clopedia —  loth     edition.     940     pages 
532  charts  and  inserts.     Published  by 
A.  L.  Dyke,  St.  Louis,  Mo.  Price  $5.00 
An  unabridged  dictionary  is  about  as 
easy     to     review     as     this     automibile 
manual.     If    there    are    any    details    re- 
garding automobiles  and  their  operation 
omitted,   it   would   be   difficult   to   locate 
them.     A  casual  checking  with  the  pre- 
vious  edition    might   indicate   that    very 
little  change  has  been  made.     However, 
while  the  page  numbers  have  been  kept 
the  same,  it  will  be  found  that  numerous 


modifications  have  been  made  and  ad- 
ditional material  included  by  using  more 
condensed  type.  The  entire  material  is 
written  in  a  clear  and  simple  form  with 
very  thorough  detailed  illustrations. 
New  sections  are  given  on  tractors,  on 
airplanes  and  engines,  on  the  Liberty 
engine  and  motorcycles.  Detailed  des- 
criptions arc  given  of  the  Liberty  en- 
gine. Various  other  airplane  engines 
are  also  shown  and  described. — 
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NATIONAL  SAFETY  SECTION 


The  Electric  Journal  is  pleased  to  an- 
nounce the  consummation  of  an  ar- 
rangement with  the  National  Safety 
Council  whereby  that  organization  will 
conduct  a  special  safety  department  for 
the  JOURNAL  starting  in  the  present 
issue.  'I'hrough  this  arrangement  the 
JOURNAL  will  be  enabled  to  publish  in 
each  issue  a  special  article  on  some 
phase  of  safety  or  its  allied  subjects 
under  the  general  field  of  Industrial  Re- 
lations. The  National  Safety  Council 
also  has  undertaken  to  answer  for  the 
readers  of  the  JOURNAL  questions  re- 
garding safety  work,   sanitation,   indus- 


trial hygiene  and  other  phases  of  Indus- 
trial Relations.  Inquiries  to  the  Safety 
Section  Question  and  Answer  Depart- 
ment must  be  typewritten  and  should  be 
stated  as  clearly  and  as  concisely  as  pos- 
sible. A  stamped  return  envelope 
should  be   enclosed. 

This  arrangement  makes  available  to 
the  readers  of  the  JOURNAL  the  valu- 
able service  of  the  National  Safety 
Council — the  nation's  clearing  house  for 
information  on  statistics,  methods,  and 
experiences  in  accident  prevention,  sani- 
tation and  all  phases  of  industrial   re- 


lations. Inasmuch  as  the  National 
Safety  Council  is  a  non-commercial  co- 
operative association  of  some  four 
thousand  of  the  country's  largest  indus- 
trial concerns,  governmental  agencies, 
technical  schools,  etc.,  membership  in- 
cludes the  great  bulk  of  the  safety  en- 
gineering knowledge  and  talent  of  the 
United   States. 

During  the  next  twelve  months,  the 
JOURNAL  will  publish  articles  pre- 
pared by  the  National  Safety  Council 
on  a  variety  of  subjects  of  particular  in- 
terest to  engineering  readers. 


Louis  Resnick 
National  Safety  Council 

Like  many  other  of  the  country's 
greatest  institutions,  the  National  Safe- 
ty Council  is  the  child  of  necessity.  It 
is  an  organization  that  grew  out  of  a 
great  need,  felt  by  the  managers  of  in- 
dustrial plants  who  were  doing  pioneer 
accident  prevention  work  during  1912 
and  the  half  dozen  years  immediately 
preceding  it — the  need  for  a  exchange 
of  experiences  in  this  work.  No  sooner 
had  a  few  companies  demonstrated  what 
remarkable  reductions  could  be  made  in 
accidents  and  what  a  great  economic 
gain  was  yielded  by  accident  prevention 
work,  than  other  companies  all  over  the 
country  became  interested  and  began  to 
burden  the  pioneers  in  safety  with  in- 
quiries for  information  regarding  their 
experience.  So  great  was  the  demand 
for  information  of  this  sort  that  the 
idea  of  forming  a  national  clearing 
house  for  accident  prevention  infor- 
mation suggested  itself  to  a  group  of 
some  two  dozen  men  who  were  in 
charge  of  safety  work  in  as  many  plants. 

This  idea  was  crystalized  at  the  an- 
nual meeting  of  the  Association  of  Iron 
&  Steel  Electrical  Engineers  held  at 
Milwaukee,  Wisconsin  September  30  to 
October  5,  1912  on  whicli  occasion  that 
Association  had  provided  for  the  dis- 
cussion of  safety  at  several  sessions  of 
the  convention. 

The  National  Council  for  Industrial 
Safety  as  it  was  then  called,  was  ollici- 
ally  organized  at  the  Second  Safety 
Congress  held  in  New  Vork  City,  Sep- 
tember 23  to  25,  1913  with  the  following 
executive  committee:— Messrs.  R.  C. 
Richards,  C.  &  N.  W.  Railway  Co.,  C. 
L.  Close,  U.  S.  Steel  Corporation; 
David  Van  Schaack,  Aetna  Life  Insur- 
ance Co. ;  Fred  C.  Schwedtman,  Racine- 
Sattley  Co. ;  L.  R.  r'almer,  Chief  Fac- 
tory Inspector  State  of  Pennsylvania; 
II.  U.  Wilson,  U.  S.  Gov;  Milling 
Bureau ;  C.  W.  Price,  .'\ss't  to  Wiscon- 
sin Industrial  Comm;  Edwin  R.  Wright, 
Chicago;  E.  G.  Trimble,  Employers  In- 
demnity Exchange;  G.  L.  Avery  Co., 
Charles  Piez,  Link-Belt  Co.,  A.  T. 
Morey,  Commonwealth  Steel  Co.,  R.  J. 
Young,  Illinois  Steel  Co.,  R.  W.  Camp- 
bell, llHnois  Steel  Co.,  W.  II.  Cameion, 
Chicago. 

The  purposes  of  the  organization  .ts 
outlined  by  R.  W.  Campbell,  the  I'ust 
president,  follow : — 

The  National  Council  for  Industrial 
Safety   proposes   "to   promote   the   con- 


servation of  human  life  and  its  incidents 
in  the  industries  of  the  nation,  and  to 
that  end : 

"(a)  To  establish  a  conveniently  lo- 
cated headquarters  for  the  maintenance 
of  a  clearing  house  of  safety  informa- 
tion, available  to  all  concerned. 

"(h)  To  encourage  and  promote 
throughout  the  country  the  organization 
of  those  engaged  or  interested  in  safety 
work  into  District  and  Local  Councils, 
in  affiliation  with  this  National  Council. 

"(c)  To  hold  annual  congresses,  at 
which  all  persons  interested  in  accident 
prevention  and  kindred  subjects  may 
take  part  in  practical  discussion  of  vital 
problems,  and  also  have  opportunity  to 
examine  carefully  prepared  exhibits;  to 
publish  and  give  wide  distribution  to 
proceedings   of   such   congresses. 

"(d)  To  encourage  and  assist  in  the 
practical  standardization  of  safety  de- 
vices, safe  conditions  and  practices. 

"e)  To  give  the  widest  publicity, 
through  its  own  publications  and  other 
channels,  to  all  matters  calculated  to 
promote   industrial  safety. 

"(f)  In  general  to  initiate,  promote, 
co-operate  with  and  obtain  the  assis- 
tance of,  any  and  all  activities  or  agen- 
cies calculated  to  conserve  human  life 
and  its  incidents  in  the  Nation's  in- 
dustries ;  and  to  participate  in  and  aid 
other  activities  for  the  welfare  of  the 
industrial  workers  of  the  country.' 

It  should  be  noticed  that  while  the 
roster  of  the  National  Safety  Council 
has  grown  from  a  promise  of  fourteen 
memberships  in  1912  to  approximately 
4  000  industrial  concerns  operating  more 
than  15000  plants  and  employing  more 
than  6000000  workers  in  1919  and, 
while  the  scope  and  service  of  the 
Council  have  gone  far  beyond  the 
bounds  of  the  orginal  plans,  the  .piir- 
poses  of  the  Council  as  outlined  by  its 
hrsl  president  are  substantially  the  pur- 
poses of  the  Council  today,  and  almost 
every  number  of  the  orginal  executive 
committee  is  on  the  much  larger  execu- 
tive committee  of  today  and  very  active 
in  the  affairs  of  the  Council. 

Within  a  few  weeks  after  the  opening 
of  the  headquarters  in  Chicago  the 
general  manager,  Mr.  W.  H.  Cameron 
through  his  contact  with  employers 
realized  the  need  of  a  definite  weekly 
service  to  members  which  resulted  in 
the  development  of  the  now  extensive 
bulletin  service  01  the  Council.  Three 
bulletins  suitable  for  posting  on  bulletin 
boards,  where  the  messages  of  care  and 
caution    may    come    directly    under    the 


notice  of  the  workmen,  are  sent  to 
every  member  of  the  Council  each  week. 
In  addition,  bulletins  showing  specific 
hazards  in  special  industries  and 
methods  of  eliminating  or  reducing 
them  are  sent  each  week  to  the  members 
of  the  Council  in  the  respective  indus- 
tries dealt  with  by  such  sectional  bul- 
letins. For  a  number  of  years  the 
Council  also  has  sent  e.ich  week  a  spe- 
cial bulletin  for  executives  bringing  to 
their  attention  the  latest  and  best  plans, 
methods  and  ideas  for  the  prevention 
of  accidents  as  demonstrated  by  the  ex- 
periences of  other  members  of  the 
Council.  Recently  this  executive  series 
bulletin  has  envolved  into  a  four-page 
weekly  publication,  the  "National  Safety 
News"  through  which  the  executive 
officers  and  the  men  in  charge  of  safety 
in  the  plants  of  members  of  the  Council 
are  informed  from  week  to  week  of  the 
very  latest  developments  throughout  the 
world  in  the  work  of  accident  preven- 
tion and  all  other  related  subjects 
coming  under  the  head  of  industrial  re- 
lations. 


I.NTRODUCTION    OF    SAFE    PRACTICKS 
PAMPHLETS. 

In  the  latter  part  of  1916,  the  Council 
began  to  supplement  its  weekly  bulletin 
service  by  monthly  safe  practices 
pamphlets,  in  each  of  which  a  particular 
hazard  was  discussed  in  detail  and  the 
safe  practices  in  the  construction  and 
operation  of  the  particular  equipment 
involved  were  described  .  This  phase 
of  the  Council's  service  has  been  de- 
veloped to  the  point  where  each  safe 
practices  pamphlet  represents  the  result 
of  extensive  research  work  on  the  part 
ot  a  high  grade  safety  engineer  and 
the  co-operation  of  a  conference  com- 
mittee of  seventy-five  of  the  country's 
most  eminent  safety  engineers  in  the 
enunciation  of  the  safe  practices  ob- 
served in  plants  that  have  made  the 
greatest  progress  in  safety.  It  is  safe 
to  say  that  the  safe  practices  pamphlets 
of  the  National  Safety  Council  now  re- 
present the  most  concise  and  yet  most 
comprehensive  publication  of  the  various 
subjects  discussed  in  these  phamphlcts. 
During  the  last  year  or  two  the  Council 
has  also  begun  the  practice  of  issuing 
sectional  safe  practices  pamphlets  in 
addition  to  tliose  sent  to  the  entire 
membership. 

7\'  he  Continued. 
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The  term  "regeneration",  as  applied 
The  '■°  ^  method  of  retarding  trains  when 

Function  descending  grades,  is  unfortunate  in 

of  that  it  surrounds  this  important  fea- 

Regeneration  ture  of  raih-oad  operation  with  an  air 
of  mystery.  Getting  trains  down 
grades  safely  has  caused  much  more  concern  than  haul- 
ing them  up  grade.  For  this  reason  any  system  of 
holding  trains  which  will  relieve  the  air  brakes  of  their 
heavy  duty,  thereby  adding  another  factor  of  safety,  is 
of  great  importance. 

Regeneration  by  electric  locomotives  simply  means 
that  the  weight  of  the  train  being  propelled  down  the 
grade  by  gravity,  becomes  a  source  of  mechanical 
energy,  which  is  transformed  by  the  motors  into  elec- 
trical energy,  and  is  returned  to  the  trolley  wire  to  be 
used  in  the  same  manner  as  that  from  the  power  house. 

The  value  of  regeneration  lies  in  the  additional 
safety  which  it  introduces  to  heavy  grade  operation, 
rather  than  to  any  monetary  value  of  the  electrical 
power  produced.  The  wear  and  tear  which  is  removed 
from  the  braking  apparatus  and  rigging  in  descending 
long  grades,  insures  their  being  in  good  condition  for 
emergency  use,  and  in  stopping  trains.  The  engineer  is 
also  assured  of  a  fully  charged  train  line  for  emer- 
gency stops  on  grades.  The  amount  of  energy 
obtained  by  regeneration  is  a  function  of  the  load  and 
grade,  and  is  only  a  small  percent  of  that  used  in 
taking  the  train  up  a  similar  grade.  In  ascending  a 
grade,  power  must  be  supplied  to  overcome  transmission 
and  locomotive  losses,  the  friction  of  the  train,  the  grade 
resistance  and  the  resistance  of  the  curves ;  while  in  de- 
scending, the  only  available  power  is  that  of  gravity  act- 
ing on  the  load,  which  in  turn  must  overcome  the  re- 
sistance of  the  curves,  the  resistance  of  the  train  and 
the  losses  of  the  locomotive  and  transmission  before 
any  electrical  energy  can  be  utilized.  If  a  train  is  de- 
scending a  grade  under  regeneration,  and  the  trolley 
circuit  is  opened  or  interrupted,  it  will  at  once  lose  its 
load,  and  the  engineer  then  brakes  the  train  with  the 
air  brakes  in  the  usual  way. 

The  axle  generator  regenerating  system,  as  de- 
scribed in  this  issue  by  Mr.  Ferris,  has  a  valuable  fea- 
ture in  that  these  generators,  like  the  lighting  genera- 
tors on  Pullman  car<;.  obtain  their  mechanical  power 
from  the  moving  train,  and  this  is  used,  not  only  to  con- 
trol the  regeneration,  but  also  to  operate  the  air  com- 
pressor motors,  thereby  insuring  a  constant  supply  of 
air,  irrespective  of  the  power  received  from  the  trolley 
wire.  This  w'ill  enable  the  engineer  to  proceed  to  the 
foot  of  long  grades  with  the  usual  air  brake  operation, 
even  though  he  should  lose  his  power  of  electric  regen- 
eration entirely.  W.  R.  Stinemetz 


The  opportunities  for  effecting  econo- 

Enlarging  the     niies    by    the    application    of    remote 

Field  for  control  to  switching  equipments  are 

Remote  apparently  limitless,  especially  where 

Control  the  operations  are   frequent  and  re- 

quire close  observation.  On  some  of 
the  usual  applications,  such  as  cranes,  elevators,  roll- 
ing mills  and  power  station  switchboards,  the  advan- 
tages in  quick  manipulation  and  safety  are  obvious. 
Multiple-unit  railway  equipments  are  a  highly  developed 
form  of  remote  control,  the  fundamental  requirement 
being,  in  addition  to  the  other  considerations,  the  need 
for  simultaneous  operation  of  several  units.  On  all 
such  applications,  the  great  advantage  is  to  locate  the 
operator  suitably  for  proper  observation,  and  in  the  case 
of  moving  equipment,  he  usually  rides  on  the  vehicle. 

The  installation  described  by  Mr.  H.  H.  Johnston 
in  this  issue  is  unique  in  that  it  involves  the  remote 
control  of  both  power  and  brakes  on  a  locomotive  with 
a  i2-car  train,  and  includes  direct,  as  well  as  remote  op- 
eration. In  the  case  of  the  remote  control,  the  operator 
does  not  ride  with  the  locomotive,  but  operates  from 
a  tower  located  at  the  point  where  the  individual  cars 
are  to  be  "spotted".  The  spotting  problem  has  always 
been  a  real  one  in  railway  operation,  particularly  in 
switching  service,  and  a  great  saving  has  been  effected 
in  this  instance  by  locating  the  operator  in  the  tower. 

The  successful  working  of  such  an  installation 
opens  up  the  field  for  tower  control  of  one  or  more  ve- 
hicles, so  located  as  to  be  within  the  sight  of  a  single 
operator.  Wherever  there  is  any  great  frequency  of 
operation  and  the  moves  are  of  a  uniform  nature,  such 
an  equipment  involves  no  great  complications  and  is 
decidedly  superior  to  the  individual  operation  of  units 
by  separate  operators.  The  track  interlocking  could  be 
so  combined  with  the  tower  control  supply  that  not  i.  nly 
could  one  operator  govern  the  movement  of  a  large 
number  of  vehicles,  but  the  hazard  of  mistakes  would  be 
practically  eliminated. 

Undoubtedly,  there  are  many  other  instances  where 
;!  great  quantity  of  material  is  handled  within  a  small 
space  and  where  the  other  conditions  are  such  that 
similar  installations  could  be  used  to  advantage.  One 
of  the  basic  arguments  for  steam  railroad  electrification 
is  the  possibility  of  handling  increased  traffic  over  ex- 
isting tracks,  by  taking  advantage  of  the  simplified  con- 
trol of  train  movements,  and  of  the  higher  speeds  which 
are  thus  made  possible.  The  same  advantages  may 
make  electrification  worth  while  on  steam  shovels  and 
similar  installations,  even  when  the  actual  power  econo- 
mies are  not  apparent.  Electrification  is  not  complete 
unless  full  advantage  is  taken  of  the  possibilities  of  re- 
mote control.  L.  G.  Riley 


Chaklks  a.  Tkkky 

Vice-President, 

W'estinghouse  Electric  &  Mfg.  Company 

ALBERT  SCHMID  was  born  in  1857  in  Zuricli,  Switzerland,  where  he  also  received  ftis  technical 
education.  While  in  the  employ  of  the  French  Westinghouse  Air  Brake  Company  he  was  personally 
selected  by  Mr.  Westinghouse  in  1885  for  employment  in  the  Westinghouse  Air  Brake  Company,  then 
located  in  Allegheny,  Pa.  When  the  Union  Switch  &  Signal  Company  began  its  line  of  electrical  de- 
velopment, Mr.  Schmid  was  employed  as  chief  designer  and  engineer.  Later  on,  at  the  formation  of 
the  Westinghouse  Electric  Company  in  1886,  he  was  chosen  to  co-operate  with  the  electrical  engineers  of 
that  company  in  working  out  the  mechanical  designs.  He  was  the  chief  engineer  and  later  the  shop 
manager  of  the  Westinghouse  Electric  Company  until  1897,  when  he  made  a  tour  of  Europe  for  the 
purpose  of  studying  manufacturing  possibilities.  As  the  outcome  of  this  investigation,  the  Societe 
Anonyme  Westinghouse  was  formed,  and  Mr.  Schmid  was  made  its  director  general.  This  position  he 
occupied  for  many  years  and  then  was  placed  in  general  charge  of  the  Westinghouse  incandescent  lamp 
interests  in  Europe,  which  position  he  occupied  until  his  death,  which  occurred  at  the  Hotel  St.  Hubert, 
New  York  City,  on  December  31st,   1919.     (Ed.) 
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HEN  the  West- 
inghouse Elec- 
tric    Company 


was  founded  in  1886, 
for  the  immediate  pur- 
pose of  developing  and 
exploiting  the  alternat- 
ing-current system  of 
electrical  distribution, 
the  most  valuable  asset 
of  its  organization  was 
its  personelle.  Aside 
from  that  of  the  founder 
of  the  Company,  three 
names  are  prominently 
associated  and  interwov- 
en with  its  earlier  his- 
tory; these  are  William 
Stanley,  Oliver  B.  Shal- 
lenberger  and  Albert 
Schmid.  Mr.  Shallen- 
berger  died  in  1898,  Mr. 
Stanley  in  1916,  and 
now  upon  the  last  day  of 
the  year  1919,  the  end 
has  come  to  the  earthly 
life  of  Albert  Schmid. 

The  first  two  of 
these  associates  were 
primarily  electrical  engi- 
neers, while  Mr.  Schmid 
was,  by  training  and  ex- 
perience, a  mechanical  engineer.  This  designation, 
however,  is  scarcely  adequate,  for  combined  with  his 
.skill  as  a  mechanical  designer,  was  an  artistic  sense, 
which  enabled  him  to  impart  to  the  machinery  with 
which  he  dealt,  a  symmetry  of  form  and  beauty  of  line 
unec|ualled  at  the  time  and  never  surpassed  in  more 
modern  apparatus.  The  designs  which  he  early  intro- 
duced into  the  electrical  art.  because  of  their  great 
merit  and  attractiveness,  have  persisted  through  more 
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than  thirty  years  of  pro- 
gress, and  are  still  re- 
flected in  various  other 
classes  of  machinery. 

At  the  time  v.hen 
Mr.  Schmid  became  con- 
nected with  the  electrical 
industry,  direct-current 
electrical  apparatus  had 
been  developed  to  a  con- 
siderable extent,  and 
was  being  used  for  the 
distribution  of  central- 
station  electrical  energy 
through  limited  areas, 
but  the  alternating  sys- 
tem was  in  use  in  this 
country  not  at  all,  and 
in  foreign  countries  only 
to  a  very  limited  extent. 
Mr.  Westinghouse  had 
acquired  the  United 
States  rights  to  the  Gaul- 
ard  and  Gibbs  trans- 
former system,  having  a 
firm  conviction  that  in 
it  lay  the  solution  of 
long  distance  electrical 
distribution,  and  it  was 
this  belief  which  led  him 
to  organize  the  electri- 
cal company  which  bears 
his  name.  The  fact  that  Mr.  Schmid  was  available  to 
design  and  construct  the  mechanical  portions  of  the  ap- 
paratus planned  by  the  electrical  engineers,  doubtless 
added  greatly  to  his  confidence  in  the  successful  out- 
come of  the  undertaking,  and  the  skill  and  ingenuity 
which  Mr.  Schmid  at  once  brought  to  bear  upon  the 
task  thus  placed  upon  him,  justly  won  the  enthusiystic 
confidence  of  his  co-workers  and  the  admiration  of  all 
others  qualified  to  appreciate  his  work. 
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Simplicity  of  form  was  perhaps  die  most  striking 
characteristic  of  his  designs.  A  friend  once  asked  Mr. 
Schmid  how  it  came  about  that  he  was  able  to  give  to 
mechanical  apparatus  such  graceful  flowing  lines,  such 
artistic  beauty,  and  received  the  modest  answer  "Why, 
all  you  have  to  do  is  to  place  the  metal  where  it  be- 
longs and  the  machine  becomes  beautiful  of  itself". 
And  here  it  may  well  be  said  that  modesty  was  one  of 
the  great  charms  of  Mr.  Schmid's  character.  He 
never  exhibited  the  pride  he  might  justly  have  felt  con- 
cerning his  productions,  however  deep  may  have  been 
the  personal  satisfaction  with  which  he  viewed  them. 
His  attitude  was  rather  that  of  a  man  who,  having 
faithfully  studied  and  successfully  solved  the  problems 
set  before  him,  felt  that  he  had  merely  honestly  per- 
formed an  expected  duty. 

Being  of  a  studious  disposition  and  possessed  of 
a  quick  perception  and  an  analytical  mind,  Mr.  Schmid, 
through  constant  contact  with  the  engineers  of  the  Com- 
pany, trained  in  electrical  science,  soon  became  well 
qualified  in  that  branch  of  the  art  himself,  as  is  well 
evidenced  by  the  many  useful  electrical  inventions 
which  he  made.  The  same  qualities  of  mind  which 
enabled  him  to  sense  and  appreciate  correct  proportions 
and  form  in  mechanical  structures,  enabled  him  almost 
intuitively  to  form  correct  judgments  as  to  the  proper 
proportioning  and  placement  of  the  copper  and  iron, 
the  active  elements  of  the  electrical  machinery  which  it 
was  incumbent  upon  him  to  produce.  While  he  relied 
upon  the  technical  electrical  engineers  to  make  the  cal- 
culations involved  in  determining  resistances,  reactances 
and  like  factors  involved,  he  was  fertile  and  effective  in 
his  suggestions  as  to  how  the  parts  could  best  be  dis- 
posed and  interrelated  for  producing  effective,  durable 
and,  at  the  same  time,  artistic  machines. 

Among  the  many  inventions  which  he  contributed 
to  the  alternating-current  field,  perhaps  one  of  the 
simplest  and  at  the  same  time  daringly  novel  ones  was 
that  of  building  up  the  magnetic  portions  of  the  appara- 
tus from  sheets  of  soft  steel,  insulated  from  one  an- 
other merely  by  surface  films  of  oxide.  Prior  to  tJiis 
the  sheets  or  plates  had  been  interleaved  with  pasted 
paper,  for  the  purpose  of  suppressing  Foucault  currents. 
The  use  of  paste  and  paper  in  such  mechanical  struc- 
tures jarred  upon  Mr.  Schmid's  sense  of  fitness  and  he 


tlierefore  proposed  to  test  the  effect  of  omitting  the 
paper  and  relying  upon  the  thin  surface  oxides  to  af- 
ford the  necessary  insulation.  While  this  seemed  con- 
trary to  the  theoretical  conclusions  of  others,  he  in- 
sisted that  Ft  be  tried  and,  accordingly,  a  small  trans- 
former was  built  in  that  fashion.  All  previous 
doubts  of  his  fellow  workers  were  set  at  rest  by  the 
complete  success  of  the  trial.  The  importance  of  this 
seemingly  slight  change  in  structure  was  of  very  large 
practical  value  in  that  it  not  only  materially  lessened 
the  cost  of  building  the  generators,  motors  and  trans- 
formers, but  considerably  reduced  their  size. 

When  the  Company  entered  upon  the  electrical  rail- 
way business  Mr.  Schmid,  exJiibiting  his  customary 
zeal  and  enthusiasm,  promptly  designed  and  developed 
railway  motors  which  the  purchasing  public  recognized 
as  superior  to  any  theretofore  upon  the  market.  In  a 
very  large  measure  the  immediate  success  of  the  West- 
inghouse  Company's  street  railway  business  was  due  to 
the  sound  judgment  and  skill  exercised  by  Mr.  Sclmiid 
in  the  design  and  construction  of  these  railway  motors. 

Reviewing  today  the  history  of  the  development  of 
the  electrical  industry,  one  significant  feature  which 
strikingly  presents  itself  is  the  fact  that  among  the  many 
able  and  successful  engineers  -who  contributed  to  its 
rapid  growth,  there  was  but  one  notable  mechanical  en- 
gineer and  that  one  was  Albert  Schmid. 

There  was  another  quality  of  Mr.  Schmid's  char- 
acter which  all  who  served  with  and  under  him  adm_ired 
and  respected ;  it  was  his  personal  interest  in  their  wel- 
fare and  progress.  With  care  he  watched  the  develop- 
ment and  studied  the  mental  processes  of  the  young  men 
who  came  from  schools  and  colleges  to  begin  their  life 
work  in  the  Company's  shops.  Quick  to  reprove  trans- 
gressions from  orderly  procedure,  he  was  equally  ready 
to  commend,  assist  and  advise  those  who  showed  an 
earnest,  intelligent  desire  to  leam  and  to  progress.  His 
influence  upon  these  young  men  was  always  inspiring 
and  the  example  he  set  of  the  manly  way  to  treat  young 
men  and  aspiring  students  is  reflected  in  the  actions  of 
his  successors  in  the  Company,  just  as  the  artistic  touch 
which  he  gave  to  the  designs  of  its  mechanical  appar- 
atus, persists  in  its  present  products.  Both  of  these  in- 
fluences will  long  remain  a  worthy  tribute  to  the  memory 
of  ,\lbert  Schmid. 
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JN  THE  UNITED  STATES,  the  railroads  are  our 
largest  users  of  power.  It  is  stated  that  locomo- 
tives burn  25  percent  of  the  coal  from  our  mines, 
and  that  12  percent  of  all  freight  hauled  is  coal  for 
railroad  users.  As  certain  sections  become  electrilied, 
the  requirements  for  coal  and  coal  handling  disappear, 
but  the  supply  and  regulation  of  the  large  amounts  of 
electrical  power  required  become  a  serious  problem.  In 
several  cases,  the  railroad  companies  have  built  their 
own  electrical  power  systems,  but  when  possible, 
it  is  usually  more  satisfactory  to  make  use  of  exist- 
ing central  stations.  The  difficulties  attendant  on  the  ad- 
dition of  a  large  railway  load  to  a  central  station  are 
greatly  reduced  if  the  added  load  is  reasonably 
steady,  less  generating  equipment  being  required   and 


arose  several  years  ago  in  connection  with  the  electri- 
fication of  this  same  railroad  over  the  Rocky  Mountain 
section.  The  problem  was  solved  in  that  instance  by 
the  expedient  of  introducing  a  resistance  into  a  pilot 
wire  system  at  each  station  where  load  was  to  be  meas- 
ured, the  amount  of  such  resistance  to  be  proportional 
to  the  load.  Then  the  current  flowing  in  the  pilot  wire 
became  inversely  proportionl  to  the  power  in  the  whole 
system.  The  method  is  open  to  the  objection  of  current 
leakage,  especially  in  wet  or  foggy  weather.  More- 
over, the  copper  pilot  line  is  subject  to  considerable 
change  in  resistance,  due  to  changes  in  temperature,  and 
it  was  necessary  to  make  provision  for  checking  and  ad- 
justing this  part  of  the  system  periodically  to  the  proper 
values. 

Cl€Flum      KirriTAS     Boris  ^auvtw 


raffl^?^ 


„     I      ;    '<-     ,      Type P' Helays  for 
D„cor,nrc^ng5^for     '^,^-^ j^,,^ 
..:hng  Grounds        andlppifig 


Mettr/bncJ  Y^O'OC 
forBisfiatc/Kfn 
Office 


£ou<ili2ing  ItbltrnelerfM 
£nd  Slotion  Type 


niACRAM    OF    POWER    INDICATING    AND    LIMITING    SYSTEM 


the  interference  with  voltage  regulation  to  other  cus- 
tomers minimized.  The  Chicago,  Milwaukee  &  St. 
Paul  Railroad,  on  its  latest  electrification  from  Tacoma 
and  Seattle,  for  a  distance  of  200  miles  east  over  the 
Coast  and  Columbia  Divisions,  decided  to  centralize  the 
control  of  the  road,  and  obtain  an  indication  at  one 
point,  the  office  of  the  chief  dispatcher,  of  the  total 
power  taken  by  the  road,  and  to  regulate  this  power  so 
as  to  keep  the  peaks  below  a  certain  definite  limit. 

The  centralizing  of  this  indicating  and  control  sys- 
tem required  some  means  of  transmitting  the  indication 
of  meters  in  the  various  substations  to  the  dispatcher's 
office.  There  are  four  main  stations  where  power  is  re- 
ceived into  the  railroad  transmission  system  from  its  re- 
spective sources  and  metered.  There  are,  in  addition, 
four  intermediate  stations  supplied  from  the  transmis- 
sion circuit  which  require  no  metering  of  power  re- 
ceived. The  regulation  of  power  is  accomplished  on  the 
direct-current  side  of  the  substations,  and  therefore  all 
eight  substations  must  be  controlled  in  this  respect  by 
the  circuit  from  the  dispatcher's  office.     This  problem 


On  the  Coast  division,  which  is  subject  to  much 
dampness  and  wet  weather,  it  was  felt  that  some  other 
method  of  transmitting  the  meter  indications  was  neces- 
sary, and  it  was  proposed  to  use  frequency  as  a  means 
of  solving  the  problem.  Various  methods  of  tying  to- 
gether the  eight  stations  were  considered,  but  the  ar- 
rangement here  described  seemed  the  most  desirable 
and  was  adopted.  A  one  kilowatt  generator  at  Taun- 
ton, the  first  station  on  the  east  end  of  the  electrified 
section,  generates  a  current,  whose  frequency  is  so  con- 
trolled that  it  varies  with  the  power  as  measured 
by  the  wattmeter  in  the  Taunton  substation.  The  volt- 
age generated  is  stepped  up  to  2000  volts  and  trans- 
mitted to  Cedar  Falls  about  100  miles  away.  Here  the 
frequency  is  not  increased  directly,  but  another  alter- 
nating-current generator  is  introduced,  and  so  con- 
trolled that  its  speed  and  frequency  are  proportional  to 
the  power  being  measured  at  Cedar  Falls,  plus  the 
power  indicated  from  Taunton.  This  second  frequency 
is  transmitted  on  to  Renton,  and  the  process  is  repeated. 
From  Renton,  the  frequency  goes  to  the  dispatcher's 
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office  near  Tacoma,  where  it  indicates  the  total  of  all 
the  power  received  by  the  electrified  section  of  railroad. 
In  the  future,  there  may  be  power  incoming  at  the 
Tacoma  substation,  and  if  desired,  this  station  can  be 
connected  in  series  with  the  other  three. 


FIG.    2 — EQU.\LIZING    METER   AT   T.\UNTON 

In  order  to  make  use  of  frequency  as  a  reliable  in- 
dicator of  power,  it  was  required  that  it  should  be 
capable  of  measurement  over  a  large  range  with  great 
accuracy,  and  with  a  device  having  considerable  power. 
For  this  purpose,  the  ordinary  frequency  meter  is  not 
suitable.  Small  synchronous  motors,  however,  were 
available,  and  these  could  be  coupled  to  magnetos,  thus 
giving  a  direct-current  voltage  proportional  to  the  fre- 
quency,   which   voltage   could   readily   be   arranged    to 
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FIG.    3 — EXTERN.\L    CONNECTIONS    OF    THE    EQU.'^LIZING    WATTMETEK 
AT    TAUNTON 

perform  the  proper  functions.  This  method  would 
probably  have  been  used,  but  the  magneto  is  a  little  too 
heavy  for  the  small  synchronous  motors,  and  moreover 
would  require  considerable  attention.  The  speedometer 
principle  of  revolving  magnet  acting  on  an  aluminum 
disc  by  induction  was  proposed,  and  experimental 
models  showed  such  high  torque,  accuracy  and  appar- 


ent freedom  from  upkeep  difficulties  that  this  method 
was  adopted.  Moreover,  the  mechanical  power  re- 
quired at  this  point  would  never  exceed  five  watts. 

The  system  as  finally  laid  out  is  shown  diagram- 
matically  in  Fig.  i.  At  Taunton,  the  first  station,  the 
power  is  measured  by  a  contact-making  wattmeter  of 
the  Kelvin  balance  type  shown  in  Fig.  2.  This  meter 
controls  a  small  motor  which  operates  a  slide  resistance 
in  the  field  of  the  one  kilowatt  motor-generator  set,  as 


J  I';    4     I 'jr  \Li/ix.;   wattmeter   and   synchronous   motors   at 
AX  intermedi.\te  station 

shown  in  Fig.  3,  whereby  the  frequency  can  be  varied 
from  about  25  to  60  cycles.  If  the  wattmeter  were  at 
zero  load,  we  should  expect  to  obtain  zero  frequency. 
It  is  manifestly  impossible  to  operate  a  synchronous 
motor  under  such  conditions,  hence  a  spring  tension  is 
introduced,  which  gives  a  torque  proportional  to 
25  cycles,  which  was  the  value  selected  as  the  "base 
frequency".  The  spring  holds  the  lower  contact 
of  the  wattmeter  closed  until  the  automatic  slide  re- 
sistance brings  the  motor-generator  set  to  the  25  cycle 
speed,  and  with  it  the  small  synchronous  motor  with  its 
revolving  magnet.  At  this  speed,  the  magnet  exerts 
just  enough  torque  on  its  disc  to  balance  the 
spring    torque,    and    the    contacts    are    held    in    the 
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FIG.    5 — EXTERNAL    CONNECTIONS     OF    EQUALIZING    WATTMETER     AT 
AN    INTERMEDIATE   STATION 

neutral  position ;  thus  as  long  as  there  is  no  load  on  the 
wattmeter,  a  steady  frequency  of  25  cycles  is  trans- 
mitted through  the  whole  measuring  circuit,  and  this 
quantity  must  be  subtracted  at  the  end  of  the  line  in  the 
dispatcher's  office  in  getting  the  total  load  indication. 
.\s  soon  as  Taunton  begins  to  supply  power,  the  watt- 
meter experts  an  additional  torque,  making  contacts 
which  operate  to  increase  the  resistance  in  the  motor 
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field  circuit  of  the  motor-generator  set,  and  the  fre- 
quency increases  until  the  increased  speed  of  the  syn- 
chronous motor  just  balances  the  torque  of  the  watt- 
meter, and  thus,  if  the  incoming  power  corresponds  to, 
say,  lo  cycles,  35  cycles  is  sent  out  over  the  circuit. 

When  a  number  of  trains  are  running  down  grade, 
the  locomotives  regenerate,  and  energy  is  delivered  back 
into  the  power  lines  through  the  substation.  This 
causes  the  wattmeter  to  oppose  the  spring  action,  the 
speed  of  the  motor-generator  set  is  decreased,  and  some- 
thing less  than  25  cycles  is  sent  out. 

At  the  next  station.  Cedar  Falls,  the  incoming  fre- 
quency from  Taunton  operates  a  receiving  synchronous 
motor  with  a  revolving  magnet  similar  to  the  one  at 


tor  set,  as  shown  in  Fig.  5,  are  similar  to  the  apparatus 
at  Taunton.  Assume  35  cycles  incoming,  the  speedo- 
meter torque  is  added  to  the  wattmeter  torque,  and  the 
motor-generator  set  speed  is  controlled  until  there  is 
perhaps  a  frequency  of  40  cycles  outgoing.  This  out- 
going frequency  is  transmitted  to  the  next  station,  Ren- 


fic.  6 — power  indicating  and  limiting  board  at  the 

dispatcher's  station 
Left  panel — synchronous  motor,  equalizing  wattmeter,  type 
M  graphic  wattmeter  and  contact  making  auxiliary  relays  con- 
trolled by  the  load  regulator. 

Right  panel — synchronous  motor,  equalizing  wattmeter, 
type  RA  demand  wattmeter,  type  RO  load  regulator  and 
auxiliary  relay  controlled  by  the  demand  wattmeter. 

Taunton.  There  is  also  provided  a  sending  synchron- 
ous motor,  as  shown  in  Fig.  4.  The  two  aluminum 
discs  are  mounted  on  Uie  same  shaft  and  operate  dif- 
ferentially, that  is  the  speed  of  the  motor-generator  set 
is  automatically  adjusted  by  the  slide  wire  resistance 
until  the  difference  between  the  torques  exerted  on  the 
two  discs  is  exactly  balanced  by  the  wattmeter  action. 
As  the  torque  of  the  receiving  motor,  even  during  re- 
generation, is  never  less  than  that  due  to  approximately 
20  cycles,  no  spring  is  needed  on  the  wattmeter.  Other- 
wise, the  wattmeter,  slide  resistance,  and  motor-genera- 


FIG.    7 — external    connections    OF    EQUALIZILNG    WATTMETES    AT 
THE    LOAD   dispatcher's    STATION 

ton,  where  the  apparatus  is  similar  to  that  at  Cedar 
Falls,  and  the  frequency  is  there  still  further  increased 
in  proportion  to  the  load  on  this  station.  At  the  last 
station,  Tacoma,  there  will  be  a  final  increase  when  this 
station  is  in  service,  and  thence  the  circuit  proceeds  to 
the  dispatcher's  office.  The  frequency  is  now  equiva- 
lent to  the  total  power  used,  plus  25  cycles. 

At  the  dispatcher's  office.  Fig.  6,  there  is  a  syn- 
chronous motor  speedometer  as  at  the  power  stations, 
and  its  torque  is  balanced  with  a  wattmeter.  A  spring 
similar   to   the   one   at  Taunton   opposes   the   speedo- 


FIG.   8 — MOTOR  OPERAIhl)  l.hiNhK.MOR   P.   I,   &  L.   RHEOSTAT 

meter  torque.  Hence,  the  wattmeter  must  balance  only 
the  frequency  due  to  actual  power  consumed.  This 
wattmeter  is  supplied  by  a  local  60  cycle  circuit,  as 
shown  in  Fig.  7,  and  the  watts  are  controlled  by  the 
automatic  slide.     As  the  incoming  frequency  changes. 
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the  wattmeter  contacts  cause  the  slide  to  move,  and 
maintain  in  the  wattmeter  circuit  the  proper  value  of 
watts,  equivalent  to  the  total  power.  This  circuit  is 
also  connected  to  an  indicating  wattmeter,  a  graphic 
recording  wattmeter,  a  graphic  demand  meter,  and  a 
time  lag  type  load  regulator. 

Since  the  railroad  buys  this  power  on  the  basis  of 
a  maximum  five  minute  integrated  load,  it  is  advantag- 
eous from  a  commercial  as  well  as  an  operating  stand- 
point, to  keep  the  peak  loads  as  low  as  possible.  This 
is  accomplished  through  the  agency  of  the  load  regula- 
tor. When  the  load  approaches  a  predetermined  point, 
this  regulator  closes  its  contacts  in  the  lowering  direc- 
tion and  sends  out  over  the  signaling  circuit  a  direct 
current  which  operates  a  polarized  relay  in  each  substa- 
tion. The  signaling  circuit  consists  of  the  same  wires 
that  carry  the  frequency  indications.     The  direct  cur- 


-TVPE   RO    VOMi    REGULATOR 


direct  current  in  the  phantom  circuit  is  to  reduce  the 
voltage  on  all  generators  carrying  more  than  50  percent 
of  rated  load,  and  because  of  the  inverse  time  element 
feature,  the  generators  which  are  most  heavily  loaded 
are  affected  first.  It  may  thus  readily  happen  that  re- 
ducing the  voltage  at  only  one  substation  will  reduce 
the  load  sufficiently  on  the  entire  system. 

In  a  few  seconds  the  reduced  load  has  its  effect 
on  the  regulating  meter  back  in  the  dispatcher's  office. 
Its  contacts  open,  and  the  stations  continue  to  run  at 
the  reduced  voltage  until  the  load  becomes  low  enough 
to  cause  the  regulating  meter  to  close  its  other  pair  of 
contacts.  When  this  happens,  a  direct-current  is  sent 
cut  over  the  system  in  the  opposite  direction,  operations 
are  reversed,  and  the  voltage  is  raised.  The  regulation 
is  adjusted  as  high  as  possible  without  exceeding  the  five 
minute  demand  previously  agreed  upon,  but  it  is  quite 


rent  is  fed  into  the  middle  point  of  the  high-tension 
winding  of  the  transformers,  and  as  it  divides  equally 
in  the  two  halves  of  the  winding,  it  has  no  effect  on 
the  magnetic  circuit.  The  two  wires  in  parallel  thus 
form  a  "phantom"  or  derived  circuit,  as  shown  in  Fig. 
I,  the  return  circuit  being  through  the  ground  from 
Taunton  back  to  the  load  dispatcher's  office. 

The  generator  field  circuits  in  each  substation  are 
provided  with  a  motor-operated  rheostat.  Fig.  8,  in  ad- 
dition to  the  usual  field  rheostat,  whose  function  is 
solely  to  reduce  the  voltage  of  the  generators  which 
supply  power  to  the  3000  volt  trolley  at  times  of  heavy 
overload.  These  rheostats  are  controlled  by  inverse 
time  element  overload  relays,  which  are  normally  set 
to  reduce  the  voltage  at  300  percent  of  rated  load. 
The  operation  of  the  polarized  relays,  when  they  are 
actuated  by  the  current  from  the  phantom  circuit,  is 
to  change  the  setting  of  the  inverse  time  element  relays 
to  50  percent  of  rated  load,  so  that  the  action  of  the 


no.     IO--l\l'L    KA    DEMAiND    METER 

Indicating  and   recording   five  minute   maximum   demands 

and  provided  with  contacts  which  serve  to  trip  all  the  circuit 

breakers  on  the  system  if  the  five  minute  demand  exceeds  the 
setting  of  the  pointer. 

likely  that,  in  case  of  a  sudden  heavy  load  coming  on 
the  railroad,  the  five  minute  demand  limit  would  be 
too  closely  approached.  To  provide  against  such  an 
event  the  recording  demand  meter  is  fitted  with  a  con- 
tact circuit  which  closes  the  direct-current  phantom 
circuit  through  a  reduced  resistance,  sending  out  about 
four  times  the  current  through  the  line  that  is  used  for 
reducing  the  voltage.  This  increased  current  operates 
a  second  set  of  polarized  relays  in  each  substation, 
which  trip  the  circuit  breakers  in  all  the  stations. 

There  are  many  interesting  features  connected  with 
the  whole  system,  not  the  least  of  which  is  the  line  it- 
self. No.  8  copper  wire  is  used,  and  there  are  only  two 
wires.  The  frequency  circuit  is  stepped  up,  between 
stations,  by  means  of  ordinary  100  to  2000  volt  dis- 
tributing transformers.     There  are  taps  at  the  middle 


46 


THE  ELECTRIC  JOURNAL 


Vol.  XVII,  No.  2 


points  of  the  high  tension  windings  which  are  used  for 
the  phantom,  or  derived,  direct-current  circuit.  In  the 
four  main  stations,  there  are  two  transformers,  one  in- 
coming and  one  outgoing,  but  at  the  four  intermediate 
stations,  only  one  is  required,  the  ratio  being  2000  to 
2000,  with  middle  point  taps  for  the  direct-current  cir- 
cuit. If,  by  accident  or  otherwise,  any  station  should 
be  out  of  service,  the  synchronous  motors  are  discon- 
nected automatically,  and  the  transformers  are  con- 
nected together  on  their  low-tension  sides ;  thus  the  fre- 
quency indication  is  carried  on  to  the  next  station. 
This  is  accomplished  by  a  relay  switch,  held  in  normal 
position  by  the  direct-current  supply  circuit. 

The  direct  current  for  raising  and  lowering  the 
voltage,  and  for  circuit  breaker  tripping  is  obtained 
from  a  440  volt  direct-current  supply  circuit  in  the  dis- 
patcher's office.  Since  the  direct-current  line  is  really 
the  two  No.  8  copper  wires  in  parallel,  and  since  the 
polarized  relays  are  of  low  resistance,  and  operate  on 
small  current,  this  value  of  voltage  is  ample.  The  in- 
crease in  current  required  to  give  the  tripping  impulse 
is  obtained  simply  by  short-circuiting  a  resistance  in 
series  with  the  line. 

In  case  of  a  ground  on  the  signaling  line,  there 
is  an  unbalance  of  the  phantom  circuit,  and  this  circuit 
receives  a  considerable  alternating-current  potential 
above  ground.  Also,  a  small  alternating-current  flows 
through  the  polarized  relays,  and  is  likely  to  render 
them  temporarily  inoperative.  There  is  no  interfer- 
ence, however,  with  the  transmission  of  the  frequency 
indication,  unless  the  ground  develops  into  a  short-cir- 
cuit, in  which  case,  of  course,  the  indication  could  not 
be  transmitted  beyond  the  short-circuit.  The  alternat- 
ing-current potential  of  the  phantom  circuit  furnishes 
a  ready  means  of  indicating  and  locating  grounds.  It 
is  only  necessary  to  connect  a  voltmeter  from  the  line 
to  ground  at  suitable  points,  and  these  will  immediately 


show  a  reading  when  a  ground  occurs,  even  of  exceed- 
ingly high  resistance.  In  the  actual  installation,  there 
is  a  voltmeter  in  the  dispatcher's  office,  and  one  at 
Taunton.  In  the  dispatcher's  office,  it  is  necessary  to 
interpose  a  condenser  between  the  voltmeter  and  ground 
so  as  not  to  short-circuit  the  direct-current  raising  and 
lowering  impulses.  At  Taunton,  the  phantom  circuit 
leads  to  ground  after  going  through  the  polarized  re- 
lays, and  for  the  ground  detector  it  is  only  necessarj'  to 
interpose  a  transformer  in  series  with  the  line,  the  volt- 
meter being  connected  to  its  secondar}'. 

Much  of  the  equipment  used  for  the  system  is 
standard  or  semi-standard  apparatus,  but  in  some  cases, 
special  development  was  required.  It  was  found  that 
synchronous  motors  for  the  frequency  measuring  out- 
fits would  not  readily  pull  into  step  on  account  of  the 
added  inertia  of  the  revolving  magnet,  although  when 
once  in  step,  there  was  ample  power  to  change  speed 
quickly  and  rotate  at  the  maximum  r.p.m.  desired.  A 
polyphase  connection  was  found  to  improve  the  situa- 
tion materially,  but  this  would  entail  undesirable  com- 
plications. The  final  solution  was  found  in  placing  a 
spring  drive  between  the  motor  and  the  magnet,  the 
magnet  having  a  separate  shaft  and  bearings.  The 
spring  allows  the  motors  to  make  the  necessary  quick 
acceleration  at  the  moment  of  coming  into  synchronism. 

It  might  be  questioned  whether  the  lowering  of 
voltage  at  intervals  would  hamper  the  movement  of 
trains.  It  is  true  that  (with  any  control  of  peak)  there 
is  a  certain  slowing  up  of  train  speed  at  these  times. 
The  handicap  resulting  therefrom  is  obviously  oflfset  by 
the  improved  condition  of  use  of  power.  The  improve- 
ment in  load  factor  due  to  this  regulation  may  well  be 
considerable  and  is  that  reached  by  the  best  compromise 
between  reduction  of  speed  at  such  times  and  such  bur- 
den as  may  be  imposed  on  the  supply  of  power  to  carry 
load  under  conditions  of  peak  demand. 


Usii'l  on  -the  c'h.i.;.v;50,  iVUlv/auktro 


THE    Chicago,    Milwaukee    &    St.    Paul    Railroad 
passenger  locomotives  are  equipped  with  a  re- 
generative system  which  may  be  called,  for  lack 
of  a  better  name,  an  "axle-generator  system".     After 
numerous  trials  of  various  systems,  both  on  test  and  in 
actual  service,  this  system  was  adopted  because  it  has, 
•for  the  service  in  question,  almost  ideal  characteristics. 
In  any  system  involving  regeneration,  the  follow- 
ing points  are  all  desirable  and  some  are  absolutely  es- 
sential to  the  successful  operation  of  the  system : — 
I — Safety  for  vehicle,   (locomotive  or  car). 
2 — Protection  to  electrii  al   apparatus,  such  as  motors, 
auxiliary   rotating  apparatus,   switches,   etc.,   from  voltage 
surges  and  current  overloads. 
3 — Efficiency. 
4 — Simplicity. 

These  points  are  not  necessarily  in  the  order  of 
their  merit ;  nor  do  they  cover  all  the  factors. 


Ferris 

For  the  safety  of  the  vehicle,  it  is  necessary  to  have 
a  regenerative  system  of  such  a  nature  as  to  prevent  the 
possibility  of  the  engineer's  losing  control  of  the  train 
on  grades,  as  might  be  the  case  if  the  train  gradually 
increases  in  speed  while  regenerating,  thus  almost  im- 
perceptibly reaching  a  speed  where  the  air  brakes 
would  not  be  effective  in  bringing  the  train  under  con- 
trol. The  retarding  tractive  effort,  therefore,  must  in- 
crease rapidly  with  the  speed  to  protect  the  car  or  train. 

To  protect  the  motors  and  other  apparatus  from 
cvervoltage  surges  or  sudden  drops  in  voltage  due  to 
short-circuits,  or  other  trains  starting  while  the  locomo- 
tive is  regenerating,  the  generated  voltage  of  the  main 
motors  must  rise  and  fall  with  the  line  voltage. 

In  the  axle-generator  regenerating  system,  the  main 
motors  are  separately  excited  from  an  axle-generator, 
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whose  fields  are  separately  excited  in  turn  from  a  stor- 
age battery,  or  some  other  constant  voltage  source.  The 
axle-generator  is  connected  across  the  main  motor  fields 
with  a  balancing  resistance  in  series,  as  shown  in  Fig. 
I.  The  main  motor  armature  current  is  carried  through 
the  balancing  resistance  R,  thus  giving  a  differential 
effect  on  the  main  motor  fields  when  the  regenerated 
current  increases,  due  to  a  drop  in  line  voltage.  This 
differential  effect  is  essential  to  stable  operation  of  the 
main  motors  and,  therefore,  a  more  detailed  explanation 
will  be  given. 

In  any  closed  circuit,  the  sum  of  the  voltages  is 
zero  as,  for  example,  in  the  case  of  the  circuit  from 
generator  G^  through  resistance  R  and  field  F  in  Fig.  i. 
In  other  words,  the  voltage  G^  forces  sufficient  current 
through  the  circuit  so  that  the  IR  drop  just  balances  the 
voltage  of  generator  Go.  If  a  current  from  some  ex- 
ternal source  is  drawn  through  resistance  R,  the  volt- 
age available  for  forcing  current  through  the  circuit 
Go,  R,  F  is  decreased.  The  relation  between  field  and 
regenerated  current  for  a  constant  axle  generator  volt- 
age is  shown  in  Fig.  2.  If,  with  the  axle- 
generator  system,  the  speed  of  the  locomotive  or 
car  increases,  the  voltage  of  the  axle-generator  in- 
creases, thus  raising  the  excitation  on  the  main  motor 
fields,  increasinfr  the  main  motor  g;enerated  voltage,  thus 
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FIG.    I — SCHEMATIC    DI.'iGRAM    OF    AXLE    REGENER.MING    SYSTEM 

increasing  the  regenerated  current  which,  in  turn,  ra'ses 
the  retarding  tractive  effort.  It  is  evident  that  there 
will  be  no  sudden  change  in  locomotive  speed,  so  the 
speed-ampere  characteristic  of  the  locomotive  can  be 
such  as  to  give  a  large  increase  in  retarding  tractive 
effort  with  a  small  change  in  speed.  However,  a  change 
in  line  voltage  may  be  comparatively  sudden,  and  for 
this  reason  the  method  of  increasing  or  decreasing  the 
generated  voltage  of  the  main  motor  should  be  rapid 
and  certain.  This  is  accomplished  by  the  resistance  R. 
Fig.  I,  which  is  positive  in  its  action,  reducing  the  main 
motor  field  with  any  increase  in  armature  current,  or 
increasing  the  field  with  decreasing  armature  current,  as 
before  explained.  Fig.  3  shows  curves  of  "regenerated 
amperes"  plotted  against  miles-per-hour,  and  retarding 
tractive  effort  for  a  given  control  notch,  showing  the 
large  increase  in  retarding  tractive  effort  with  increase 
in  speed.  Fig.  4  shows  how  a  comparatively  large 
change  in  voltage  may  occur  either  up  or  down  without 
dropping  the  load  entirely  or  taking  on  an  excess.  From 
these  characteristics,  it  is  evident  that,  with  the  axle- 
generator  system,  two  desirable,  fundamental  and  ap- 
parently contradictory  things  are  accomplished. 

In  any  system  of  regeneration  where  the  source  of 
main  motor  field  excitation  during  regeneration  is  de- 


rived from  some  line-driven  apparatus,  the  auxiliary 
apparatus  and  main  motors  3re  subject  to  over-voltage 
conditions  if  the  trolley  should  lose  contact  with  the  line, 
as  in  this  case  the  main  motor  voltage  immediately 
lises.  This,  in  turn,  raises  the  field  excitation  and 
causes  the  main  motor  generated  voltage  to  rise  yet 
farther.  This  cumulative  effect  acts  very  quickly  and, 
if  not  checked  by  an  overvoltage  relay,  is  almost  sure 
to  cause  some  of  the  apparatus  to  flash.  With  the 
axle-generator,  variations  in  line  voltage  have  no  effect 
en  the  excitation  of  the  main  motors,  except  by  a 
change  of  load  through  the  balancing  resistance;  and 
while  the  main  motor  voltage  rises  slightly  when  con- 
tact is  lost  with  the  line,  the  effect  is  not  cumulative. 

Two  examples,  the  first  for  a  change  in  speed,  and 
the  second  for  change  in  line  voltage  will,  perhaps,  ex- 
plain the  operation  of  the  system  more  clearly.  As- 
sume that  the  locomotive  is  descending  a  grade  and  is 
regenerating  a  given  current.  If  the  grade  increases, 
the  locomotive  and  train  will  tend  to  speed  up,  but  as 
the  train  speeds  up,  the  axle-generator  voltage  will  in- 
crease, which  will  tend  to  increase  the  main  field.  The 
increase  in  speed  will,  however,  increase  the  regenerated 
current  which,  passing  through  the  balancing  resistance, 


FIG.    2 — RELATION    OF    FIELD    AND   ARMATURE   CURRENTS   DURING 
REGENER.\TION 

tends  to  decrease  the  main  held  strength.  These  two 
tendencies,  therefore,  oppose  each  other  and,  on  the 
changed  speeds,  will  reach  a  new  balanced  condition. 

For  the  second  example,  assume  a  train  on  a  grade 
regenerating  a  certain  current.  If  the  line  voltage  sud- 
denly drops,  the  regenerated  current  increases,  but  this 
increase  in  current,  acting  through  the  balancing  re- 
sistance without  being  even  partly  offset  by  increasing 
the  voltage  of  the  axle-generator,  rapidly  reduces  tlie 
main  motor  field,  and  thus  limits  the  current  to  a  nor- 
mal increase,  unless  the  voltage  drop  is  abnormal.  Or, 
if  the  line  voltage  suddenly  rises,  the  regenerated  cur- 
1  ent  decreases ;  but  in  turn  this  decrease  permits  the 
main  field  current  to  increase,  thus  limiting  the  reduc- 
tion of  regenerated  current. 

It  may,  perhaps,  be  interesting  to  give  a  mathe- 
matical expression  for  the  axle-generator  regenerative 
system.  To  do  this,  it  will  be  necessary  to  make  two 
assumptions,  neither  of  which  would  change  the  general 
relation,  but  v\hich  introduce  sufficient  error  to  prevent 
the  use  of  the  expression,  except  in  a  qualitative  way. 
The  first  assumption  is  that  the  field  distortions  of  the 
main  motor  and  of  the  axle-generator  offset  each  other. 


48 


THE  ELECTRIC  JOURNAL 


Vol.  XVII,  No.  2 


which  is  only  true  to  a  certain  extent.  The  second  is 
that  the  main  motor  field  current,  divided  by  the  main 
motor  generated  voltage,  gives  a  straight  line  when 
plotted  against  the  field  current,  which  is  approximately 
correct.  With  these  assumptions,  referring  to  Fig.  i : — 
C.  -  jRJ.) 

''  -      R.  +  Rt      (^) 

E.^CS (3) 

^-  =  C,+  C,  /,  (^> 

Equation  j  is  the  second  assumption  before  stated, 
expressed  algebraically  also, — 

£n,=^£.  +  /.  (R^  +  R„)  +R,h  (4) 

By  substitution,  solving  for  /a  and  combining  all 
values   which   are    constant    for   a   given    system,    the 
general  relation  is  given  as  follows, — 
C  /,'  — C„  /,  —  G 

''  —  C.  —  C.  7r  (^'^ 

Where — 

It  :=  Current  in  main  motor  fields. 

/„  =  Regenerated  amperes  in  main  motor  armature. 
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FIG.   3 — RETARDJNG    KFI'ORr    WITH     CONSTANT    LINE    VOLTAGE 

iSoo  volts  per  motor;  third  speed  combination. 

£,  =  Axle-generator  volts. 
£iii  =  Main  motor  generator  volts. 
£,  =  Line  volts. 
i?b  =  Balancing  resistance. 
Rt  =  Main  motor  field  resistance. 

Rm  =  Main  motor  armature  and  commutating  field  resist- 
ance. 
Ci,  C:,  etc.  =  Constants. 

As  Stated  before,  the  Chicago,  Milwaukee  &  St. 
Paul  passenger  locomotives  are  equipped  with  axle-gen- 
erators and  have,  therefore,  during  regeneration,  the 
foregoing  characteristics.  There  are  two  axle-genera- 
tors, one  each  on  the  front  and  rear  pony  trucks.  The 
fields  of  these  axle-generators  are  excited  in  series  and 
are  under  the  control  of  the  engineer  during  regenera- 
tion by  means  of  a  motor-operated  rheostat.  The  loco- 
motives are  equipped  with  six  twin  main  motors  ar- 
ranged in  the  following  speed  combinations : — 

I — All  six  motors  in  series. 

2 — Three  motors  in  series ;  two  in  parallel. 

3 — Two  motors  in  series ;  three  in  parallel. 
During  motoring,  each  combination  has  two  shunt 
field   positions.     These   field   shunts,   however,   are   not 


used  during  regeneration  as  the  entire  speed  range  is 
covered  by  means  of  separate  excitation  on  the  main 
motor  fields  from  the  axle-generators.  During  regen- 
eration, the  main  motor  armatures  are  arranged  in  the 
same  combination  as  when  motoring,  but  the  fields  are 
excited  as  follows: — 

No.  3  combination — two  fields  (twin)  in  series,  three 
in  parallel. 

No.  2  combination^three  fields  (twin)  in  series,  two 
in  parallel. 

No.  I  combination — same  as  No.  2. 

To  obtain  the  same  slope  to  the  speed — regenerated 
amperes  curves  in  all  combinations,  the  IR  drop  in  the 
balancing  resistance  for  a  given  regenerated  current  per 
motor  circuit  should  be  the  same  percentage  of  the  field 
IR  drop  for  the  same  field  amperes  in  each  case ;  or  for 


the  same  slope  the  value 


/?bX/b 


should  be  a  constant 


Rr  X  h 

for  a  given  field  and  armature   for  all   combinations, 
where  /b  =  the  current  in  the  balancing  resistance. 
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KIG.   4 — RETARDING    EFFORT    WITH    CONSTANT    SPEED 

At  30  miles  per  hour;  third  speed  combination. 

For  example,  there  are  two  twin  fields  in  series  in 
the  No.  5  combination  and  three  twin  fields  in  series 
in  the  No.  2  combination.  Therefore,  with  a  given 
current  in  each  case,  the  value  7?b  should  be  increased 
cne-third  for  the  No.  2  combination  over  that  required 
for  the  No.  j  combination.  However,  in  the  No.  i 
combination,  the  armature  current  divides  between  the 
two  balancing  resistances  and  the  foregoing  ratio  will 
be  smaller  in  the  No.  /  combination  than  in  the  No.  2 
or  No.  5  combination,  if  the  value  Rx,  is  not  further  in- 
creased. On  the  Chicago,  Milwaukee  &  St.  Paul  loco- 
motives, the  value  Rb  is  the  same  for  the  No.  1  and  the 
No.  2  combinations.  The  slope  of  curve,  therefore,  is 
less  in  the  No.  /  than  in  the  No.  2,  or  the  No.  5  combi- 
nation. This  simplifies  the  control  and  is  perfectly 
feasible,  because  the  motors  are  all  in  series  and  stability 
is  more  easily  obtained  in  this  combination. 

In  service,  the  axle-generator  system  applied  to  lo- 
comotives has  more  than  met  expectations  with  respect 
to  flexibility  and  stability  of  operation. 


Flemotely  Controlled  Electric  Locoiwotlves 

In  the  By-Prod«ci  Coke  Indnstry 


H.  H.  Johnston 


IN  KEEPING  with  other  methods  in  use  at  modern 
byproduct  coke  plants,  a  recently  completed  plant 
has  installed  remotely  controlled  combination  third 
rail  and  storage  battery  locomotives  for  handling  coke 
bars  while  being  loaded  at  the  coke  screening  station. 
In  a  plant  of  this  size,  where  the  cars  loaded  in  twenty- 
four  hours  are  numbered  by  the  hundred,  in  a  constant 
and  never  ending  stream,  the  methods  employed  re- 
quired very  careful  consideration. 

The  cycle  of  operation  consists  of  hauling  eight 
empty  cars  from  the  empty  car  storage  track  and  spot- 
ting the  first  car  under  the  loading  chutes  at  the  screen- 
ing station.  The  motorman  then  throws  a  switch  that 
places  the  locomotive  under  the  control  of  the  operator 
in  the  screening  station  and  leaves  the  locomotive.  The 
operator  then  slowly  moves  the  train  forward,  stopping 
or  reversing  it  as 
conditions  may  re- 
quire, thereby  se- 
curing a  n  evenly 
and  completely 
loaded  car.  There 
are  two  operators 
on  the  screening 
station,  each  one 
being  located  in  a 
cab  midway  b  e- 
tween  two  tracks, 
and,  in  addition  to 
controlling  all  con- 
veyors and  screen 
equipment  on  one- 
half  the  station,  they 
time. 

When  the  cars  are  loaded,  the  motorman  returns 
lo  the  locomotive  and  draws  the  cars  to  the  classifica- 
tion yards,  returns  for  empty  cars  and  the  cycle  is  com- 
pleted. The  services  of  but  two  men  are  required  to 
handle  the  shifting  for  the  entire  station. 

The  use  of  the  electric  locomotives  has  eliminated 
smoke,  underloaded  cars,  a  large  amount  of  labor  and 
reduced  the  spillage  at  the  loading  chute.  It  was  found 
practically  impossible  to  load  more  than  three  cars  at  a 
time  with  steam  locomotives,  due  to  the  inability  to 
signal  the  engineer  from  loader's  cab,  on  account  of  the 
steam  arising  from  the  hot  coke. 

The  locomotives  and  their  equipment  were  plaimed 
to  have  the  following  features : — 

1 — Remote  control   (controlled  from  tower). 

2 — Cab  control   (controlled  from  locomotive  cab). 

3 — Use  of   a   single   control  wire   between   tower  and 

locomotive. 

4— Operate   from  battery  supply  when  the  locomotive 

is  out  of  the  tower  control  zone  and  away  from  the  power 

rails. 


I — 36  TON   REMOTELY  CONTROLLED  LOCOMOTIVE  IN  THE  BY 

control    two    locomotives    at 


5 — Operate  from  power  rails  when  the  locomotive  is  in 
tower  control  zone. 

6 — Battery  automatically  obtains  its  charge  when  loco- 
motive is  run  from  the  power  rails  in  the  tower  control 
zone. 

7 — Battery  automatically  supplies  power  to  the  motors, 
when  locomotive  is  run  out  of  tower  control  zone. 

8 — Cab  control  whether  locomotive  is  in  tower  control 
zone  or  out  of  tower  control  zone  and  motors  obtaining 
power  from  battery. 

9 — Provision  for  both  straight  air  and  automatic  air 
brake  operations. 

10 — Slow  speed  and  short  distance  ot  train  movements 
when  the  locomotive  is  under  control  of  the  tower  operator. 
II — Operation  of   two  or  more  locomotives   from  any 
one  of  the  locomotive  cabs. 

The  electric  locomotives  used  for  this  service  weigh 
36  tons  and  are  of  the  combination  battery — power  rail 
type.  The  equipment  consists  of  two — 75  hp,  250  volt 
motors  geared  by   double   reduction    (ratio    1672  and 

74:29)  to  driving 
axles  with  t,:^  inch 
wheels.  Each  lo- 
comotive is  equip- 
ped with  a  no  cell 
MVY-25  Exide 
battery;  this  being 
the  largest  battery 
ever  applied  to  lo- 
comotive service. 
A  control  panel 
with  necessary 
hand  -  operated 
knife  switches, 
meters  and  fuses, 
is  provided  to  per- 
mit control  of  the  battery  circuits.  The  battery' 
normally  has  all  cells  in  series  for  charge  and 
discharge,  automatically  giving  up  its  charge  when  the 
locomotive  is  operating  out  of  the  power  rail  or  tower 
control  zone,  and  automatically  charging  when  operat- 
ing in  the  power  rail  zone.  Provision  is  made  for  giv- 
ing the  battery  a  gassing  charge  by  connecting  two 
halves  of  the  battery  in  parallel  and  in  series  with  a 
charging  resistance  across  the  power  supply. 

When  the  locomotive  is  operating  in  the  loading 
zone,  under  the  control  of  the  tower  operator,  power 
i.^  supplied  to  the  motors  and  main  control  circuits,  as 
well  as  the  battery  being  charged,  from  power  rails 
located  one  on  each  side  of  the  track,  coming  into  con- 
tact with  current  collectors  of  the  under-running  contact 
shoe  type  located  on  beams  on  each  side  of  the  locomo- 
tive. Directly  under  one  power  rail,  a  control  rail  is  lo- 
cated which  comes  into  contact  with  a  current  collector 
of  the  over-running  contact  shoe  type.  This  control 
rail  carries  only  small  currents  as  required  for  the  tower 
control  circuits.     This  control  rail  with  its  lead  wire  to 


so 
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the  tower  constitutes  the  only  direct  electrical  connec- 
tion between  the  locomotive  and  the  tower. 

The  control  equipment  in  the  locomotive  is  of  the 
electropneumatic  type,  providing  for  series-parallel  con- 
trol of  the  main  motors  when  operating  the  locomotive 
from  the  cab  of  the  locomotive  and  series  control  only 
when  operating  from  the  tower.  The  scheme  of  the 
auxiliary  control  circuits  in  the  case  of  tower  and  cab 
control   is  the  same,  and  depends  primarily  upon  en- 

Ji   I  Sequence  cf  Switches 


that  he  may  take  control  of  the  locomotive  and  proceed 
with  the  loading  of  the  cars. 

When  operating  from  the  tower,  the  control  rail  is 
given  either  a  positive  or  a  negative  potential  at  the 
tower  by  operating  a  simple  drum  type  switch,  which 
connects  the  lead  from  the  control  rail  to  either  the 
positive  or  negative  side  of  the  power  supply  which 
also  supplies  power  to  the  motors  on  the  locomotive. 
As  described  above,  the  shunt  relay  coils  are  energized 


Control  Resistance 
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FIG.    3 — SCHE.ME  OF  CONTROLLING  RELAYS 


FIG.    2 — SCIIE.MATIC   DIAGRAM    OF   MAIN    AND   CONTROL   CIRCUITS 


ergizing  a  single  wire  at  a  positive  or  negative  potential, 
depending  upon  the  direction  of  motion  of  the  locomo- 
tive desired,  whether  forward  or  reverse.  This  wire  is 
connected  to  a  point  common  to  two  shunt  relay  coils 
connected  in  series  across  the  line.  The  shunt  relays 
are  located  in  the  locomotive.  By  making  this  common 
point  have  a  definite  potential  relation  with  respect  to 
the  shunt  coil  connections  to  the  line,  either  one  of  the 
relay  coils  may  be  de-energized,  i.e.,  if  coils  A  and  B 
are  in  series  across  the  line,  coil  A  may  be  de-energized 
by  giving  the  common  point  between  A  and  B  a  positive 
potential,  or  coil  B  may  be  de-energized  by  giving  the 
common  point  a  negative  potential.  Arranging  the  re- 
lay discs  to  complete  electrical  circuits  to  reverser 
switches  provides  for  obtaining  forward  and  reverse 
operation  of  the  locomotive. 

The  control  wire  to  the  forward  and  reverse 
switches  becomes  energized  immediately  upon  the  op- 
eration of  the  shunt  relays,  but  neither  the  forward  nor 
tlie  reverse  switches  can  be  operated  unless  the  reverse 
and  forward  switches  respectively  are  out.  Before  the 
main  accelerating  switches  can  be  operated  the  brake 
cylinder  pressure  must  be  reduced  to  zero  and,  as  a 
safety  feature,  the  brake  reservoir  pressure  must  be 
above  a  predetermined  value. 

When  operating  from  the  cab  of  the  locomotive, 
the  master  controller  is  operated  in  the  usual  manner. 
Upon  taking  the  locomotive  into  the  tower  control  zone, 
the  motorman  brings  the  master  controller  to  the  off 
position  and  operates  a  cab-tower  control  change-over 
switch  and  then  signals  by  whistle  to  the  tower  operator 


in  the  proper  sequence  to  obtain  forward  or  reverse  op- 
eration of  the  locomotive  and  train.  Immediately  upon 
operating  of  the  forward  or  reverse  switches  a  circuit, 
through  interlocks  on  these  switches,  is  completed  and 
energizes  a  brake  valve  magnet  which  controls  the  re- 
lease of  the  brakes.  Upon  release  of  the  brakes,  the 
locomotive  accelerates  to  a  speed  corresponding  to  the 


FIG.    4 — DIAGRAM    OF    REMOTELY    CONTROLLED    ELECTRIC    LOCOMOTIVE 
BRAKE   EQUIP.MENT 

third  resistor  step,  with  the  motors  in  series.  This 
speed  is  approximately  0.5  mile  per  hour.  A  current 
limit  relay  is  provided  to  give  automatic  acceleration  up 
t(j  this  speed.  ' 

The  air  brake  equipment  is  of  the  combined  auto- 
matic and  straight  air  type  consisting  of  two  250  volt, 
direct-current     motor    driven     z\v    compressors;     one 
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governor ;  one  brake  valve ;  one  triple  valve ;  one  double 
check  valve ;  one  electrically  actuated  brake  application 
valve;  one  quick  release  valve;  one  feed  valve;  one 
timing  reservoir;  one  cylinder  interlock;  one 
brake  reservoir  interlock,  and  other  pneumatic  details. 
With  this  equipment  quick  and  flexible  operation  of  the 
brakes  is  effected  on  the  locomotive  by  straight  air 
when  operating  singly  or  when  switching,  with  the 
added  facility  of  changing  over  to  automatic  operation 
when  operating  in  trains. 

As  the  train  enters  the  zone  in  which  the  locomo- 
tive and  train  movements  are  to  be  controlled  from  the 
tower,  the  engineman  may  do  one  of  two  things  in  stop- 
ping and  giving  the  control  of  the  locomotive  over  to 
the  tower  operator: — Make  a  brake  application  by 
means  of  the  brake  valve  and,  when  the  train  has 
stopped,  place  the  cab-tower  control  change-over  switch 
in  the  locomotive,  in  the  "tower"  position  and  then  move 
the  brake  handle  to  the  release  position,  after  which  the 
locomotive  movements  can  be  controlled  from  the  tower 
or,  2 — while  running  along  with  the  brake  valve  handle 
in  the  release  position,  place  the  cab-tower  control 
switch  in  the  tower  position,  which  de-energizes  the 
brake  application  magnet  and  produces  application  of 
the  brakes,  after  which  the  tower  operator  may  control 
the  locomotive  and  train  while  loading  the  coke  into  the 
cars.     The  function  of  the  quick  release  valve  in  the 


air  brake  equipment  listed  above  is  to  provide  a  quick 
release  of  the  locomotive  brakes  when  under  tower  con- 
trol, so  that  successive  movements  desired  can  be  ac- 
complished quickly. 

The  control  equipment  on  each  locomotive  provides 
for  operating  two  or  more  locomotives  in  multiple  by 
controlling  from  any  one  of  the  locomotive  cabs  or  by 
controlling  from  the  tower  when  the  locomotives  are  op- 
erating in  this  zone.  The  service  conditions  require 
that  the  switch  groups,  and  other  control  equipment  be 
protected  from  coke  dust  and  to  accomplish  this,  dust 
tight  covers  are  provided  on  each  piece  of  apparatus. 

The  battery  is  assembled  in  two  groups,  one  group 
being  located  under  the  hood  on  either  end  of  the  cab. 
Hinged  covers  permit  opening  the  hood  for  inspection 
of  the  battery  or  permit  swinging  it  out  of  the  way 
to  remove  the  battery  from  the  compartment.  Special 
safety  switchman's  steps,  as  shown  in  Fig.  2,  are 
provided  in  order  to  reduce  the  danger  to  trainmen  to 
a  minimum.  The  auxiliary  equipment  consists  of  hand 
operated  gong,  air  whistle,  headlights,  electric  cab 
heaters  and  cab  lighting. 

This  type  of  locomotive  has  exceeded  all  expecta- 
tions in  its  service  application  and  indications  are  that 
it  will  have  a  great  number  of  applications  in  other  in- 
dustrial plants,  factories  and  such  open  industries  as 
surface  mining  and  quarries. 


€ur:i'^3iii:  Lluiii  Accekration  for  Electric  Motors 

H.  D.  James 


EVER  SINCE  the  electric  motor  came  into  use, 
the  automatic  short-circuiting  of  the  starting  re- 
sistance as  a  means  of  accelerating  electric  mo- 
tors has  engaged  the  attention  of  controller  engineers. 
The  smaller  motors  are  easily  started  and  require  only 
one  or  two  steps  to  accelerate  them  successfully.  For 
such  motors  the  counter  e.m.f.  system  of  acceleration 
is  satisfactoi-y  and  involves  no  complicated  connections. 

The  earliest  automatic  means  of  acceleration  used 
was  a  dashpot  or  other  mechanical  device  which  re- 
tarded the  progress  of  the  mechanism  for  short-circuit- 
ing the  starting  resistors.  For  many  applications,  this 
time  element  method  is  desirable,  but  dashpots  have 
not  proved  entirely  satisfactory  and  the  pilot  motor  de- 
vice is  expensive  for  small  controllers. 

I;or  heavy  duty  starters,  particularly  where  the  op- 
eration is  frequent,  the  favorite  method  of  accelera- 
tion is  by  using  a  current  limit  device  which  accelerates 
the  motor  at  a  constant  current  and  therefore  at  ap- 
proximately a  constant  torque.  The  most  reliable  cur- 
rent limit  device  consists  of  relays  used  in  connection 
with  shunt  wound  contactors.  The  shunt  contactor  ex- 
erts a  positive  closing  action  independent  of  the  load, 
and  remains  closed  even  on  reversal  of  current,  which 
is  not  the  case  when  a  lockout  contactor  is  used.  The 
current  limit  relay  adds  a  little  to  the  initial  cost  of  the 


controller  but  its  operation  is  satisfactory  and  it  can  be 
readily  adjusted  within  its  range. 

The  current  limit  relay  commonly  used  today  is 
provided  with  a  series  coil.  While  this  relay  has  a  con- 
siderable range  of  adjustment,  it  is  necessary  to  provide 
for  a  number  of  different  series  windings  in  order  to 
apply  the  relay  to  the  varying  sizes  of  motor  required 
for  different  drives.  Some  times  a  larger  motor  is  se- 
cured than  is  actually  required  for  the  application, 
either  because  the  proper  size  is  not  known  or  extra  ca- 
pacity is  desired  as  a  matter  of  insurance.  This  may 
lead  to  the  use  of  relays  with  too  few  turns  in  the  coil, 
which  makes  it  difficult  to  adjust  the  acceleration  to  a 
low  enough  current  value. 

Where  larger  motors  are  used,  considerable  copper 
is  required  for  the  connections  to  these  relays,  and  the 
heating  of  the  relay  is  sometimes  objectionable  where 
the  coil  is  in  the  circuit  a  considerable  length  of  time. 
This  difficulty  can  be  overcome  by  using  the  same 
methods  adopted  for  ammeters  a  good  many  years  ago, 
viz.,  to  provide  the  relays  with  shunt  coils  and  con- 
nect them  across  a  resistor.  When  ammeters  are  used 
it  is  necessary  to  provide  a  special  shunt.  The  shunts 
have  different  current  carrying  capacity  in  order  to 
make  the  meter  indicate  the  proper  current.  The  re- 
lays can  use  the  starting  resistance  as  their  shunt,  so 
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that  additional  resistance  does  not  need  to  be  introduced 
into  the  circuit.  The  use  of  the  starting  resistance  as 
a  shunt  for  actuating  the  current  limit  relays  has  an- 
other advantage,  namely,  the  shunt  is  automatically 
shortened  each  time  an  accelerating  contactor  closes. 
This  reduces  the  voltage  across  the  relay  coils  and  per- 
mits the  relays  to  be  set  for  releasing  at  decreasing 
voltages  and  with  a  constant  value  of  accelerating  cur- 
rent, which  provides  for  an  automatic  interlock  to  in- 
sure the  operation  of  the  relays  in  the  proper  sequence. 
The  relays  can  be  held  normally  in  the  open  posi- 
tion by  mechanical  connections  to  the  accelerating  con- 
tactors, which  is  the  general  practice  when  a  series  coil 
is  used;  or  the  relay  coils  may  be  energized  in  advance 
of  the  closing  of  the  line  contactor,  thus  permitting  the 
relays  to  be  mounted  independent  of  the  accelerating 
contactors.  A  number  of  schemes  have  been  devised 
for  obtaining  these  results 
and  they  have  proved  suc- 
cessful in  practice. 
te     ;Sj'    -Tb   ]  'ihe   heating    of    the 

rw     t*T\    ^/  relay   coils   may   at    first 

seem  a  disadvantage  to 
the  use  of  shunt  coils. 
This  same  difficulty  occurs 
with  instruments  and 
shuntj^wound  motors ;  it 
can  readily  be  taken  care 
of  b)^  proper  design.  The 
coils  are  in  the  circuit 
only  during  the  accelerat- 
ing period,  and  their  tem- 
perature is  not  materially 
increased  unless  the  opera- 
tion is  very  frequent. 
Well  designed  relays  oper- 
ate at  a  very  low  wattage 
and,  therefore,  the  normal 
temperature  rise  of  the 
coils,  even  if  connected 
continuously  to  thecircuit, 
will  not  introduce  much 
error.  If  curve  tests  are  made  on  the  series- wound 
current-limit  relays  in  common  use  today,  it  will  be 
found  that  they  are  not  very  accurate.  This  has  never 
proved  a  disadvantage,  as  they  must  always  be  set  to 
give  a  starting  current  in  excess  of  the  maximum  torque 
required,  in  order  to  insure  starting  the  motor  under 
unfavorable  conditions.  Both  the  relay  and  the  con- 
tactor have  a  small  time  element  so  that,  when  the  mo- 
tor accelerates  on  light  loads,  the  speed  of  the  motor 
changes  considerably  while  the  relays  and  contactors 
are  functioning  and,  therefore,  the  current  peaks  are 
materially  reduced. 

A  new  form  of  current  limit  relay  has  recently 
been  produced  which  embodies  a  number  of  novel  fea- 
tures. This  relay  is  illustrated  in  Fig.  2.  It  consists 
of  a  double  set  of  armatures.  On  one  side  of  the  coil 
are  the  accelerating  armature?  provided  with  contacts 


FIG.    I— REVERSING    CONTROLLER 
WITH    DYNAMTC    BRAKE 

Using  the  thrcc-polc  current 
limit  relay  illustrated  in  Fig.  2 


as  shown  in  Fig.  3  as  armatures  D,  E,  and  F.  On  the 
opposite  side  of  the  relay  is  the  release  armature  C. 
The  accelerating  contacts  are  normally  open,  being  held 
in  this  position  by  spring  H.  When  the  coil  is  mag- 
netized the  armature  C  closes,  releasing  the  accelerating 
armatures  D,  E  and  F.  These  armatures,  however,  are 
held  by  the  magnet  against  the  spring  K.  By  properly 
adjusting  the  air-gaps,  these  armatures  release  at  differ- 
ent values  of  magnetism.  Each  armature  closes  a  con- 
tact which  energizes  the  coil  on  one  of  the  accelerating 
contactors. 

A  typical  scheme  of  connections  for  this  relay  is 
shown  in  Fig.  4.  The  relay  is  provided  with  two  coils 
marked  A  and  B.  Coil  A  is  connected  across  the  start- 
ing resistor,  coil  B  across  the  line.  When  the  motor  is 
first  connected  to  the  line,  the  armature  is  stationary 
and  the  full  voltage  drop  is  taken  up  by  the  resistor. 
Coil  A,  therefore,  has  full  line  voltage  across  its 
terminals.  As  the  motor  accelerates,  the  counter  e.ra.f. 
of  the  motor  reduces  the  voltage  drop  across  the  re- 


FIG.    2 — THREE-POLE,  CURRENT  LI.MII   RELAY 

Operated  by  a  shunt  coil  across  the  starting  resistor, 
sistor  and,  therefore,  the  voltage  on  coil  A  decreases,  re- 
leasing armature  F.  This  closes  contactor  2  which 
short-circuits  a  section  of  the  starting  resistor.  The 
current  immediately  increases  so  that  the  total  drop  re- 
mains the  same.  The  increased  current  causes  the  mo- 
tor to  accelerate  to  a  higher  speed,  which  in  turn  re- 
duces the  voltage  drop  across  the  remaining  portion 
of  the  resistor,  at  the  same  time  reducing  the  magnetism 
in  the  relay  to  a  value  which  permits  armature  E  to  re- 
lease. This  closes  contactor  5  which  short-circuits  an 
additional  portion  of  the  starting  resistor.  A  further 
increase  in  the  speed  of  the  motor  pemiits  armature  D 
to  drop.  This  closes  contactor  4  and  short-circuits  the 
starting  resistor.  The  voltage  across  coil  A  is  now 
zero,  but  coil  B  is  still  energized  and  furnishes  sufficient 
magnetism  to  retain  armature  C  in  the  closed  position. 

Fig.  4  shows  a  push  button  starter  of  a  type  that 
has  been  described  a  number  of  times  in  previous 
Journal  articles.     The  closing  of  the  start  button  en- 
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ergizes  coil  10  and  closes  contactor  i.  This  bridges 
out  the  start  button  contacts  and  permits  the  motor  to 
accelerate  as  described  above.  If  the  stop  button  is 
pushed,  the  control  wiring  is  disconnected  momentarily, 
which  opens  contactor  i  and  also  coil  B  of  the  accelerat- 
ing relay.  This  drops  armature  C  and  resets  armatures 
D,  E  and  F  so  that  they  are  again  ready  for  accelerat- 
ing the  motor. 


,  - — I  hmatuns  DE  &.F 


Spring  H 


FIG.   3 — DIAGRAMMATIC    DRAWING    OF    THE    THREE- POLE    RELAY 
SHOWN    IN    FIG.    2. 

The  relay  is  designed  so  that  the  armature  C  closes 
at  a  relatively  small  value  of  magnetism ;  if  the  motor 
is  restarted  before  it  comes  to  rest,  armature  C  will 
close,  permitting  armatures  F  and  possibly  armature  E 
to  release,  depending  upon  the  speed  of  the  motor,  in 
the  same  way  that  a  current  limit  relay  control  of  the 
series  type  will  immediately  drop  the  accelerating  re- 
lays on  one  or  more  contactors,  if  the  current  is  be- 
low their  holding  value. 

Relays  may  be  actuated  by  gravity,  by  springs  or 
by  a  combination  of  both.  A  superficial  consideration 
of  the  problem  would  indicate  that  the  most  desirable 
method  of  actuation  is  gravity.  A  careful  considera- 
tion of  the  many  applications  indicate  that  a  gravity 
actuated  relay  is  sensitive  to  vibrations  and  must  of 
necessity  have  considerable  mass  in  the  moving  mem- 
bers. This  makes  a  relay  that  is  rather  sluggish  in  op- 
eration for  fast  work,  and  one  which  is  affected  by  its 
position  of  mounting  and  is  sensitive  to  vibration.  By 
designing  the  relay  with  very  light  moving  parts,  and 
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FIG.   4 — DIAGRAM    OF   A    PUSH    BUTTON    STARTER 

Using  the  relay  illustrated  in  Figs.  2  and  3. 
using  springs,  a  very  reliable  device  can  be  produced, 
which  is  not  seriously  affected  by  the  position  of  mount- 
ing or  vibration  and  is  very  quick  to  respond  to  changed 
conditions.  The  relay  shown  in  Fig.  2  is  much  faster 
than  the  contactors,  Fig.  i,  with  which  it  is  used,  even 
when  the  contactors  are  made  of  pressed  steel  and  have 
springs  to  give  them  quick  motion.  All  of  the  relay 
armatures   are   of   the   clapper   type.     This   design   is 


usually  better  for  dusty  places,  as  dirt  may  accumulate 
around  the  plunger  of  the  other  type  and  interfere  with 
the  plunger  where  it  passes  through  the  frame. 

A  further  analysis  of  the  action  of  this  shunt  relay 
is  given  in  Fig.  6.  The  upper  curve  shows  the  current 
taken  by  a  motor  during  acceleration.  The  lower  curve 
shows  the  voltage  across  the  relay  coils  and,  therefore, 
indicates  the  magnetism  in  the  relay  core,  the  ordinates 
representing  voltage  or  magnetism  and  the  abscissae 
time.  The  time  spacings  in  the  two  curves  coincide.  On 
the  lower  curve  vertical  lines  are  drawn  numbered  i,  2 
and  J.  The  heavy  lines  represent  the  voltage  or  magnet- 
ism at  which  the  accelerating  armatures  release,  the 
dotted  lines  show  the  voltage  or  magnetism  at  which 
they  retrieve  or  pick  up.  If  a  drum  master  switch  is 
used  to  obtain  speed  control.  Fig.  5,  the  contactors 
short-circuiting  the  resistance  may  be  connected  or  dis- 
connected at  the  will  of  the  operator.  If  the  motor 
has  been  accelerated  to  full  speed,  and  it  is  desirable  to 
decrease  this  speed,  the  master  switch  is  moved  back 
several  notches,  releasing  several  of  the  accelerating 
contactors.     This  increases  the  voltage  across  coil  A  of 
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FIG.    5 — DIAGRAM    OF    A    CONTROLLER    WITH    DRUM    MASTER    SWITCH 
.\ND   RELAY    ILLUSTR.\TED   IN    FIGS.    2  AND  3 

This  diagram  shows  a  method  of  controlling  the  amount 
of  resistance  in  the  armature  circuit  of  the  motor  by  moving 
the  master  switch  from  one  notch  to  another. 

the  relay  and  causes  it  to  retrieve  or  pick  up  the  ac- 
celerating armatures  so  that  if  the  motor  is  again  ac- 
celerated the  automatic  short-circuiting  of  the  resistance 
takes  place. 

The  windings  for  coils  A  and  B  are  fixed  by  the 
line  voltage  and  are  independent  of  the  size  of  motor 
in  the  same  way  diat  the  windings  of  an  ammeter  are 
fixed  by  the  voltage  across  the  shunt,  and  calibration  is 
changed  by  changing  the  shunt.  The  accelerating  re- 
sistance for  any  particular  motor  must  be  selected  to 
give  the  proper  current  control.  If  the  load  on  the 
motor  is  changed,  the  resistor  is  also  changed.  The 
voltage  across  the  total  resistor  is  fixed  by  the  line 
voltage  and  if  the  resistor  steps  are  not  properly  pro- 
portioned, no  relay  will  give  smooth  acceleration.  The 
use  of  a  shunt  accelerating  relay  has,  therefore,  the  ad- 
vantage that  it  can  be  adjusted  once  and  need  not  be 
altered  for  any  motor  to  which  it  is  connected  or  the 
load  on  that  motor.  Since  the  relay  responds  to  volt- 
age only,  it  can  be  readily  calibrated  with  a  voltmeter. 
This  is  very  much  easier  to  do  than  to  obtain  the  heavy 
current  necessary  to  calibrate  relays  with  series  coils. 
The  use  of  a  small  rheostat  and  voltmeter  will  enable 
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an  operator  to  check  the  calibration  on  any  relay.  The 
absence  of  mechanical  connections  between  the  relay 
and  accelerating  contactors  makes  it  very  easy  to  apply 
this  relay  to  existing  control  equipment. 

Many  existing  applications  use  lockout  contactors. 
If  these  contactors  are  provided  with  shunt  coils  and 
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FIG.    6 — CURVE     SHOWING     THE    VOLTAGE    TIME    CURRENT     RELATION 
WHEN   THE  RELAY   SHOWN   IN   FIG.    2   IS   USED 

The  upper  curve  shows  the  relation  between  time  and  the 
armature  current  of  the  motor.  The  lower  curve  shows  the 
relation  between  time  and  the  voltage  across  the  relay  coil. 
Since  the  magnetism  in  the  relay  is  proportional  to  the  voltage, 
this  curve  also  shows  the  relation  between  time  and  the  mag- 
netism in  the  relay  circuit.  The  two  curves  show  the  same 
time  intervals  so  that  the  action  of  the  relay  is  illustrated  by 
the  current  curve.  Both  these  curves  are  only  approximate  in 
shape  and  have  been  simplified  for  the  purpose  of  illustration. 

the  lockout  feature  is  eliminated  by  substituting  brass 
plugs  or  adjustable  pieces  for  the  iron  ones,  they  can  be 
made  to  operate  satisfactorily  with  a  shunt  accelerat- 
ing relay  and  true  current  limit  acceleration  obtained. 
A  relay  of  this  type  can  be  used  to  control  decel- 
eration by  connecting  the  coil  across  the  armature  of 
the  motor,  Fig.  7.  This  permits  the  armatures  D,  E, 
and  F  to  drop  out  at  decreased  values  of  counter  e.m.f., 
and  actuate  contactors,  which  short-circuit  sections  of 
the  dynamic  brake  resistor.  The  connections  to  the 
relay  coil  can  be  closed  by  opening  the  line  contactor. 


FIG.    7 — DIAGRAM    SHOWING    THE    USE   OF    A    CURRENT    LIMIT    RELAY 
TO    OBTAIN    AUTOMATIC    DECELERATION 

This  is  the  same  relay  illustrated  in  Fig.  2  with  one  coil  omitted. 

By  using  a  shunt  coil  on  the  accelerating  relay, 
heavy  wire  connections  are  avoided  and  it  is  as  easy  to 
connect  or  disconnect  the  relay  coil  as  it  is  at  present 
to  connect  or  disconnect  the  actuating  coil  of  a  shunt- 
wound  contactor.  Actuating  this  relay  by  the  drop 
across  the  accelerating  resistor  provides  a  device  which 
is  independent  of  the  size  of  the  motor  or  the  load  on 


the  motor  and  does  not  require  recalibration  for  changes 
in  load  conditions.  Only  one  relay  is  required  for  all 
applications  and  only  one  coil  for  a  given  line  voltage. 
In  this  way  the  spare  parts  are  materially  reduced  and 
the  maintenance  simplified.  Any  relay  can  be  used  on 
any  controller.  By  using  the  multiple  type  of  shunt  re- 
lay, as  illustrated  in  Fig.  2,  the  number  of  coils  is  re- 
duced and  a  single  piece  of  apparatus  can  be  used  to 
accelerate  all  sizes  of  motors.  The  relay  as  shown  in 
Fig.  2  is  arranged  for  three  accelerating  contactors; 
other  relays  provide  four  accelerating  contactors.  If 
>-ss  than  three  contactors  are  used  one  of  the  armatures 
is  not  required  and  may  operate  signal  light  or  other 
devices.  The  use  of  a  coil  in  shunt  to  the  starting  re- 
sistor for  controlling  acceleration  is  old,  but  has  not 
previously  been  worked  out  in  much  detail  and  its  use 
has  been  very  limited. 


HG.    S — UEVEKSING   CONTROLLER 

Using  a  four  pole  current  limit  relay  similar  to  the  one 
illustrated  in  Fig.  2.  This  controller  is  arranged  for  operation 
with  a  drum  master  switch  for  obtaining  speed  control. 

This  same  principle  can  be  applied  to  the  lockout 
contactor  and  the  coil  connected  across  the  line  after 
the  motor  reaches  full  speed  by  means  of  a  transfer 
interlock  in  order  to  retain  it  in  the  closed  position. 
This  involves  the  use  of  an  interlock  and  it  is  an  ad- 
vantage to  have  the  accelerating  contactors  of  exactly 
the  same  design  as  the  line  contactors,  both  from  a 
manufacturing  and  a  maintenance  standpoint.  The  in- 
terlock connections  for  current  limit  acceleration  have 
been  reduced  from  four  per  contactor  with  the  old 
method  of  the  single  relay  and  transformer  interlocks 
to  one  per  contactor  with  the  relay  illustrated  in  Fig.  2. 
This  halves  the  number  of  contacts  now  in  general  use, 
which  consists  of  two  contacts  and  a  bridging  member. 
If  lockout  contactors  are  used,  an  interlock  and  retain- 
ing coil  are  required  to  prevent  the  contactor  frorruopen- 
ing  on  light  loads. 
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Chiei   Hngincer, 

Wcslinghouse  Electric  &  Mfg.  Co. 

This  is  a  semi-hislorical  treatment  of  the  engineering  development  of  the  synchronous  converter  as  the 
author  saw  it.  The  various  steps  in  the  developmeni  arc  described,  covering  many  of  the  earlier  troubles, 
and  methods  tried  for  overcoming  them.  The  early  evidences  of  hunting  which  eventually  ted  tip  to  the  use 
of  copper  dampers;  e.  m.  f.  regulation;  60  cycle  converters;  the  three-wire  converter;  the  inverted  con- 
verter; the  application  of  commulating  poles;  the  coming  of  the  synchronous  booster  and  the  split  pole 
types  of  converters, — all  are  discussed.  Representing  principally  the  author's  personal  contact  with  the 
development,  the  story  naturally   is  not  to   be   considered  as  covering  all  types  of  apparatus. 


THE  WRITER  feels  corapeieiit  to  discuss  this  .'-ub- 
ject  freely  because  he  was  one  of  the  earliest  in 
this  field,  and  personally  went  through  many  of 
the  principal  troubles  which  developed  in  this  line  of 
endeavor.  In  fact,  he  believes  that  he  was  "over  his 
head"  in  troubles  with  converters  a  considerable  while 
before  anyone  else  even  knew  that  any  serious  difficul- 
ties existed.  There  is  some  question  as  to  who  actually 
suggested  the  earliest  synchronous  converter.  The 
writer  believed,  in  1890 — 91,  that  he  had  devised  a  new 
and  novel  apparatus  when  he  worked  up  the  design 
specifications  for  an  operative  machine,  but  the  records 
of  the  Patent  Office  said  he  was  anticipated  by  Charles 
Bradley  by  some  two  or  three  years.  However,  it  is 
not  known  whether  Bradley  ever  built  what  might  be 
called  a  commercial  machine. 

In  1891  there  were  only  two  main  frequencies  in 
use;  namely,  133  and  60  cycles;  also  there  were  no 
polyphase  circuits  commercially  available. 

In  1891,  the  writer  with  several  of  his  associates  in 
the  testing  room  made  a  self-starting  polyphase  con- 
verter while  experimenting  with  a  view  to  making  a 
polyphase  railway  motor.  It  was  desired  to  find  what 
kind  of  starting  conditions  could  be  obtained  on  a  rail- 
way motor  supplied  with  alternating,  instead  of  direct- 
current.  An  experimental  direct-current  multi-polar 
motor  with  slotted  armature  was  equipped  with  collector 
rings,  in  addition  to  its  commutator,  and  was  supplied 
with  suitable  polyphase  current  of  low  frequency. 
This  machine  was  brought  up  to  speed  as  an  induction 
motor  and,  at  synchronism,  delivered  direct-current 
from  its  commutator  for  self-excitation,  and  to  a  lamp 
board.  It  was  obvious  that  this  machine  could  run 
synchronously  and  transform  from  alternating  to  direct 
current.  This,  therefore,  constituted  the  first  syn- 
chronous converter  tested  by  the  company  with  which 
the  writer  has  been  associated. 

It  was  not  until  1892,  however,  that  deliberate 
efforts  were  made  to  transform  from  alternating  to  di- 
rect-current on  a  commercial  scale.  It  was  becoming 
recognized  that  the  polyphase  system  offered  g'-eat 
possibilities,  and  the  synchronous  converter  began  to  be 
looked  upon  a?  one  of  the  accessories  of  such  a  system. 


*Based  on  a  paper  read  at  St.  Louis  before  the  American 
Institute  of  Electrical  Engineers,  Jan.  28,  1020. 


in  consequence,  arrangements  were  made  to  obtain  tests 
on  a  relatively  large  scale  to  determine  the  possibilities 
of  such  a  device.  For  this  purpose,  a  standard  150 
hp,  500  volt,  850  r.p.m.,  four-pole  railway  generator 
was  equipped  with  four  collector  rings.  Suitable 
brushholders  were  arranged  for  operating  on  these 
collector  rings,  in  addition  to  the  usual  brush  holder 
equipment.  This  machine  was  started  by  means  of  a 
small  direct-current  machine  belted  to  it.  It  was  syn- 
chronized with  a  low-frequency  supply  alternator  by 
means  of  lamps. 

From  the  tirst,  this  machine  operated  in  a  very  sat- 
isfactory manner  as  a  synchronous  converter  and  a  long 
series  of  tests  were  carried  on  by  the  writer,  assisted 
Mr.  N.  W.  Storer,  at  that  time  one  of  his  associates  in 
the  testing  room.  It  was  determined  that  this  ma- 
chine would  commutate  in  just  as  satisfacton.'  a 
manner  as  when  acting  as  a  direct-current  generator. 

^Meanwhile  the  whole  synchronous  converter  situa- 
tion was  being  worked  over  and  it  was  decided  that 
3600  alternations  (30  cycles)  was  about  the  best  fre- 
quency for  such  machines.  This  was  higher  than  the 
frequency  at  which  the  tests  were  made,  but  it  was  felt 
that  this  increase  was  permissible,  in  view  of  the  results 
already  obtained  at  3400  alternations  (850  rev.  per 
niin.,  four  poles). 

About  this  time  a  Commission,  which  had  taken  up 
the  development  of  the  Niagara  Falls  power,  had  be- 
gun negotiations  with  the  Westinghouse  Company,  with 
a  view  to  getting  certain  electrical  machinery  con- 
structed according  to  the  designs  of  the  Commission.- 
The  principal  apparatus  involved  was  a  generator  of 
3000  hp  capacity  at  250  r.p.m.  The  design  contem- 
plated was  of  the  "umbrella  type"  with  external  rotat- 
ing field  and  vertical  shaft.  This  construction  as  a 
whole  was  considered  practicable  by  the  Westinghouse 
engineers,  but  the  electrical  proportions  of  these  gen- 
erators were  not  acceptable.  The  Commission  had  de- 
cided upon  a  frequency  of  2000  alternations,  eight  poles 
and  250  r.p.m.,  (16  2/3  cycles).  One  of  the  objects  in 
this  low  frequency  was  to  be  able  to  operate  commuta- 
tor-type motors  by  means  of  alternating-current,  as 
certain  members  of  the  Commission  belived  that  this 
was  the  solution  of  the  small  alternating-current  motor 
problem. 
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The  Westinghouse  Company  objected  to  this  low 
frequency  and  proposed  i6  poles  at  250  revolutions,  giv- 
ing 4000  alternations  per  minute,  (33  1/3  cycles),  this 
being  the  nearest  that  could  be  obtained  to  its  proposed 
standard  of  30  cycles.  One  of  the  advantages  claimed 
for  the  higher  frequency  was  that  it  would  be  more 
suitable  for  synchronous  converters,  as  the  possible 
combinations  of  poles  and  speed  would  be  very  much 
greater  than  for  16  2/3  cycles.  In  fact,  the  lower  fre- 
quency was  considered  to  be  more  or  less  prohibitive  as 
regards  small  or  moderate  capacity  synchronous  con- 
verters and  induction  motors,  as  their  speeds  would  be 
too  low.  A  compromise  was  finally  made  by  selecting 
a  12  pole  machine  for  the  Niagara  generator,  thus  giv- 
ing 25  cycles  and  this  was  the  origin  of  25  cycles  as  a 
standard. 

1  The  members  of  the  Commission  were  informed 
that  we  had  been  carrying  on  tests  with  a  direct-current 
machine,  modified  into  a  converter  and  they  witnessed 
the  machine  under  load.  The  question  came  up  as  to 
whether  such  a  machine  had  greater  or  less  armature 
copper  losses  than  a  corresponding  direct-current  ma- 
chine. Prof.  Rowland,  of  the  Commission,  stated  that 
he  believed  it  to  be  the  sum  of  the  losses  due  to  the  al- 
ternating and  direct-currents  in  the  windings,  upon 
which  Prof.  Geo.  Forbes,  of  the  Commission,  claimed 
that  it  represented  the  difference.  While  such  authori- 
ties were  discussing  the  matter,  the  writer  decided  to 
make  an  actual  test;  so  the  following  night  he  had  the 
machine  run  as  a  converter  to  determine  the  compara- 
tive ratings,  as  a  converter  and  as  direct-current  gen- 
erator. It  happened  that  this  machine  had  a  definite 
load  limit  as  a  direct-current  generator,  for  it  had  been 
proved  that  with  a  certain  current  for  four  hours,  it 
would  begin  to  smoke.  Consequently,  tests  were  run 
to  find  the  corresponding  "smoking  current"  as  a  con- 
verter. The  tests  showed  that,  with  400  amperes  load, 
about  the  same  heating  and  smoking  conditions  were 
produced  in  the  armature  as  with  280  amperes  as  a 
•direct-current  generator.  This  was  a  definite  result, 
for  it  was  known  that  this  machine  could  not  carry  400 
amperes  for  any  length  of  time  as  a  direct-current 
?renerator.  Therefore,  the  armature  loss  was  less  as  a 
converter  than  as  a  direct-current  generator.  When 
this  result  was  placed  before  the  Commission,  one  of 
the  members  rejected  the  results  and  the  other  accepted 
them.  However,  the  writer  was  convinced,  and  so  were 
his  immediate  associates.  This,  he  believes,  was  the 
first  actual  test  which  indicated  the  relative  capacities 
of  the  machine  as  a  converter  and  as  a  direct-current 
tjenerator. 

To  verify  by  calculation,  both  the  writer  and  Mr. 
R.  D.  Mershon  undertook  to  analyze  the  losses  in  the 
armature  copper  when  acting  as  a  converter.  Mr. 
"Mershon  attempted  a  mathematical  solution  whereas 
tbe  writer  undertook  a  simpler,  but  quicker  method  by 
plotting  the  calculated  losses  for  each  five  electrical  de- 
grees of  rotation  of  the  armature.  Curves  were  plotted 
•and   the  losses  during  a  complete   cycle  summed  up. 


This  was  worked  out  over-night  so  that  the  results  were 
available  the  next  day.  These  showed  38  percent  loss 
as  a  two-phase  machine  and  57  percent  loss  as  a  three- 
phase  machine.  This  result  checked  closely  with  the 
actual  test,  considering  that  there  were  other  losses  in- 
volved. Mr.  Mershon  succeeded  in  his  mathematical 
analysis  after  about  a  week's  effort  and,  when  he  com- 
pared his  results  with  those  of  the  writer,  they  coin- 
cided almost  exactly.  Thus  the  writer  believes  that  he 
was  the  first  to  work  out  the  problem  of  the  relative 
losses,  while  Mr.  Mershon  was  the  first  to  make  a  com- 
plete mathematical  analysis. 

In  addition,  some  interesting  experiments  were 
carried  on  with  this  first  converter.  Among  othci 
tests,  the  writer  brought  this  machine  up  to  speed  as  a 
single-phase  motor.  By  using  the  direct-current  series 
winding  as  an  alternating-current  field  winding,  con- 
nected in  series  with  the  armature  to  form  an  alte.nat- 
ing-current  series  motor,  he  started  the  machine  from 
lest,  brought  it  up  to  speed  and  then  to  synchronism. 
This  forms,  therefore,  an  early  test  of  a  large,  series- 
wound,  single-phase,  commutator  motor. 

These  early  tests  made  the  problem  look  so  simple 
that  apparently  there  was  going  to  be  no  difficulty  in 
developing  commercial  converters,  provided  suitable 
polyphase  circuits  were  available.  However,  the  real 
difficulties  in  converter  operation  did  not  develop  until 
later.  Based  upon  these  successful  results,  the  West- 
inghouse Company  prepared  a  relatively  large  syn- 
chronous converter  exhibit  for  the  Chicago  Wodd's 
Fair  in  1893.  This  exhibit  comprised  a  250  hp,  two- 
phase,  60-cycle  induction  motor  belted  to  a  500  hp,  two- 
phase,  30-cycle  a-c — d-c.  generator.  From  the  direct- 
current  side  of  this  generator  500  volt  service  was  fur- 
nished for  operating  any  500  volt  direct-current  ap- 
paratus in  the  exhibit,  while  from  the  alternating-cur- 
rent side,  30-cycle,  two-phase  current  was  supplied  to 
two  synchronous  converters,  one  of  500  and  the 
ether  of  60  horse-power.  No  polyphase  induction  mo- 
tor of  such  large  horse-power  had  been  shown  before 
and  the  a-c — d-c.  generator  and  the  synchronous  con- 
verters were  both  novel. 

In  looking  over  the  original  design  specifications 
for  the  a-c- — d-c.  generator  and  the  synchronous  con- 
verter, dated  Dec.  12,  1892,  the  writer  finds  some  inter- 
esting matter,  from  a  historical  standpoint.  The  speci- 
fication for  the  500  hp  converter  calls  for  a  six-pole, 
30-cycle,  600  r.p.m.,  525  volt  machine  much  along 
modem  lines  of  design.  The  pole  pieces  were  lami- 
nated, but  cast  into  the  yoke,  instead  of  bolted  in.  The 
armature  was  of  the  slotted  type  and  with  a  "parallel 
type"  winding,  as  in  modern  practice.  This  specifica- 
tion calls  for  a  brush  lifting  device  for  the  direct-cur- 
rent brushes,  although  as  built,  the  machine  did  not  use 
such  a  device.  However,  it  indicates  that  the  possi- 
bility of  brush  trouble  with  alternating-current  starting 
was  recognized.  This  converter  was  arranged  to  be 
started  from  low-voltage  taps  on  an  autotransformer, 
and  it  was  intended  that  the  machine  should  come  up  to 
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:synchronous  speed  on  the  lowest  tap  and  then  be  trans- 
ferred to  full  voltage  by  successive  steps.  This  was 
carried  out  and  the  converter  was  started  and  syn- 
chronized in  this  manner.  The  specification  also 
called  for  series  field  coils  for  compounding,  but  these 
were  not  incorporated  in  the  actual  machine.  This 
converter  was  provided  with  a  relatively  small  air-gap 
and  light  shunt  field  coils,  compared  with  direct-current 
machines  of  corresponding  dimensions.  Thus  this  con- 
verter, as  specified,  was  more  nearly  of  the  modem 
type  than  the  designs  which  followed  it  during  the  next 
four  or  five  years.  Another  interesting  feature  was 
that  the  field  coils  in  starting  were  switched  from  series 
to  three  parallels  and  closed  through  a  starting  resist- 
ance, thus  anticipating  later  practice. 

The  small  converter,  of  60  hp  had  cast-iron  poles 
and  yoke  and  operated  at  900  r.p.m.  This  was  also  ar- 
ranged to  be  started  by  autotransformers  and  with  high 
resistance  in  the  field. 

The  a-c — d-c.  generator  was  similar  to  the  above 
described  synchronous  converter,  except  that  it  had  a 
large  air-gap  with  relatively  heavy  field  coils  and  was 
separately  excited  from  a  120  volt  exciter,  of  which  the 
field  excitation  was  varied  to  control  the  main  genera- 
tor voltage. 

This  exhibit  was  delayed  and  was  not  ready  for 
operation  until  the  first  of  July,  1893.  On  account  of 
this  delay,  a  number  of  other  exhibitors  thought  that 
this  exhibit,  from  the  operating  standpoint,  was  all  a 
"bluff."  However,  the  writer  visited  the  exhibit  about 
the  first  of  July.  He  then  reviewed  the  entire  layout 
and  assisted  in  testing  some  of  the  individual  parts. 
Then  one  Sunday  afternoon  when  there  were  no  visitors 
around,  but  only  exhibitors  and  attendants  fixing  up 
their  exhibits,  the  250  hp  induction  motor  was  started, 
bringing  the  a-c — d-c.  generator  up  to  speed.  The 
large  synchronous  converter  was  then  brought  up  to 
speed,  also  the  small  converter  and  various  special  ap- 
paratus, which  were  to  be  operated  by  current  from 
these  two  converters,  were  set  in  motion,  so  that  the  en- 
tire stationary  exhibit  became  very  much  alive  in  a  few 
minutes. 

When  this  exhibit  was  first  operated,  several  un- 
usual things  occurred.  One  was  a  peculiar  "beating" 
sound  which  occurred  at  times  in  the  60  hp,  500  volt 
converter.  ITnder  certain  conditions  of  voltage  and  field 
strength,  it  made  this  peculiar  noise  and  sparked  to  a 
certain  extent,  even  when  carrying  no  load.  However, 
under  normal  operating  conditions,  there  was  no  ap- 
parent trouble  and  no  further  investigations  were  made. 
This  was  probably  the  first  observed  case  of  "hunting" 
in  a  synchronous  converter,  but  it  was  not  serious 
enough  to  lead  anyone  to  suspect  an  inherent  difficulty. 
Another  thing  that  developed  was  the  relatively  large 
input  required  to  start  the  synchronous  converter  and 
"bring  it  up  to  synchronism.  Apparently  this  had  con- 
riderable  to  do  with  the  later  practice  of  using  starting 
motors  to  bring  the  converters  up  to  speed.  Starting 
the  500  hp  converter  from  rest  and  bringing  it  up  to 


synchronism  proved  to  be  about  all   that  the   500  hp, 
a-c — d-c.  generator  could  handle. 

25-CYCLE    CONVERTERS 

As  far  as  the  writer's  knowledge  goes,  the  next 
step  in  the  synchronous  converter  development  was  in 
connection  with  some  200  kw,  25-cycle  converters  to 
be  used  as  exciters  for  the  Niagara  Falls  Power  Com- 
pany's generating  plant.  These  machines,  built  in  1894, 
were  much  along  the  lines  of  the  World's  Fair  500  hp 
converter,  having  laminated  poles  with  no  dampers,  the 
need  for  the  latter  not  having  developed.  One  of  these 
machines  was  operated  from  one  of  the  Niagara  gen- 
erators in  the  Westinghouse  shops  and  apparently  ran 
all  right  except  on  one  occasion,  when  there  was  a  vio- 
lent "pumping"  or  "beating"  sound  in  the  converter  and 
it  sparked  very  badly,  so  much  so  that  it  was  cut  off  the 
circuit.  When  put  on  again,  it  ran  satisfactorily  and 
it  was  assumed  that  some  mistake  had  been  made  which 
caused  the  preceding  trouble.  It  was  only  after  the 
converters  were  installed  at  Niagara  Falls  that  the 
seriousness  of  the  difficulty  developed.  It  was  found 
that  these  machines  would  not  work  as  synchronous 
converters,  due  to  apparent  irregular  rotation  accom- 
panied by  violent  sparking. 

The  Westinghouse  company  was  also  building  25- 
cycle  converters  under  contract  with  a  number  of  cus- 
tomers, apparently  unaware  that  they  were  facing  a 
very  difficult  situation.  Outside  of  the  two  converters 
built  for  exciters,  as  mentioned  above,  the  first  serious 
trouble  encountered  was  in  connection  with  a  couple  of 
chemical  plants  at  Niagara  Falls.  Several  converters 
had  been  contracted  for  by  two  such  plants  and  also  the 
World's  Fair  500  hp  converter,  already  described,  had 
been  reconstructed  into  a  500  kw,  550  volt  machine, 
which  was  set  up  in  the  main  power  house  at  Niagara 
Falls.  This  latter  machine  appeared  to  operate  in  a 
quite  satisfactory  manner,  and  we  thus  gained  undue 
confidence. 

The  converters  in  the  chemical  plants  at  Niagara 
Falls  were  built  along  well  known  lines,  having  slotted 
armature,  laminated  poles,  etc.  These  machines  were 
troubled  almost  at  once  with  hunting,  as  we  now  call  it. 
In  both  plants,  the  converters  refused  to  operate  with- 
out bad  hunting  at  times.  It  was  then  appreciated  that 
the  trouble  indications  in  the  shop  tests,  and  in  the 
Chicago  exhibit,  really  meant  something.  The  writer 
and  Mr.  C.  F.  Scott  spent  a  long  period  working  on 
these  converters  to  stop  the  hunting,  and  all  kinds  of 
"stunts"  were  tried,  one  of  which  was  short-circuiting 
part  of  the  field  coils.  It  had  been  noted  that  the  ex- 
citing current  varied  as  the  machine  hunted  and  there- 
fore it  was  assumed  that  a  heavy  short-circuited  path 
around  the  field  poles  might  exert  a  steadying  effect. 
This  idea  proved  to  be  correct,  but  this  damping  was  not 
sufficient  to  stop  the  hunting.  However,  in  the  course 
of  these  tests,  the  entire  field  circuit  was  disconnected 
from  the  commutator  and  closed  on  itself,  on  one  of  the 
machines,  and  it  continued  in  synchronism  and  carried 
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load  as  a  converter  through  armature  excitation  alone 
and,  what  is  more,  there  was  absolutely  no  hunting  un- 
der this  condition.  This  was  tried  on  the  machines  in 
both  the  chemical  plants  and  was  effective  in  both 
cases.  An  objection,  however,  was  that  the  power-fac- 
tor was  quite  bad,  due  to  the  large  magnetizing  current. 
Tests  were  made  to  determine  what  was  going  on  dur- 
ing hunting  and  it  developed  that  the  armature  of  the 
converter  was  acting  alternately  as  a  generator  and  as 
a  motor,  and  the  armature  magnetomotive  force  was  re- 
versing with  each  "beat."  It  appeared  also,  that  the 
machine  was  alternately  gaining  and  losing  speed  in  re- 
spect to  the  supply  system,  during  the  beats. 

While  these  tests  showed  clearly  what  was  happen- 
ing, the  proper  remedy  did  not  suggest  itself  until  after- 
wards. One  thing  was  evident ;  namely,  none  of  the 
converters  would  "hunt"  when  running  without  field 
excitation.  Therefore,  it  appeared  that,  if  the  air-gaps 
were  made  small,  as  in  induction  motors,  then  the  con- 
verters might  operate  without  hunting  and  with  mag- 
netizing currents   and   power-factors   comparable   with 


FIG.    I — DISTORTIONS    OF    FIELD    FORM    PRODUCED    BY    HUNTING 

induction  motors.  Plans  were  made  to  furnish  new 
magnetic  fields  for  one  of  the  electro-chemical  com- 
pany's machines,  in  which  an  extremely  small  air-gap 
would  be  used.  On  trial  this  machine  appeared  to  give 
quite  satisfactory  operation.  Further  tests  indicated 
that  the  hunting  problem  was  so  serious  that  we  might 
be  obliged  to  go  to  this  "induction  converter"  eventually 
for  all  synchronous  converter  work. 

However,  while  this  was  being  done,  a  further 
analysis  was  made  of  the  general  problem.  The  writer, 
with  one,  of  his  associates,  undertook  to  explore  the 
magnetic  field  conditions  in  one  of  the  Niagara  con- 
verters during  hunting  to  see  what  was  actually  occur- 
ring. A  wooden  arm  was  fixed  over  the  commutator 
with  a  large  number  of  uniformly  spaced  holes  in  it, 
through  which  metal  contacts  were  pushed  to  the  com- 
mutator surface.  Voltmeter  readings  were  take.i  for 
each  position,  over  a  wide  arc  of  the  commutator.  It 
was  found  that  the  voltage  readings  were  vaiying,  -.vith 
the  beats  in  the  machine,  from  a  high  value  in  one  beat 
to  a  low  value  in  the  next.     Plotting  out  these  two  ex- 


tremes, two  curves  were  obtained,  as  indicated  in  Fig. 
I.  Each  of  these  represents  the  field  flux  distribution 
or  "field  form"  under  one  of  the  extremes  in  the  hunt- 
ing action.  Superposing  these,  it  was  obvious  that  the 
magnetic  field  was  being  alternately  distorted  in  one  di- 
rection and  then  the  reverse.  These  curves  explained 
many  things.  It  was  the  study  of  these  that  led  to  the 
correct  solution  of  the  hunting  problem.  The  writer 
attempted  to  do  some  figuring  on  the  armature  magneto- 
motive forces  required  to  produce  the  distortions  shown 
in  Fig.  I,  and  while  doing  this,  it  occurred  to  him  that 
as  the  larger  part  of  the  flux  changes  were  at  the  edges 
of  the  poles,  and  as  the  poles  had  a  very  considerable 
'bevel,"  it  might  be  possible  to  put  a  heavy  copper  f  late 
under  each  pole  edge,  which  would  act  as  a  secondary 
or  "damper"  to  minimize  the  flux  changes.  At  the 
same  time,  it  was  recognized  that  a  closed  circuit  around 
the  field  pole  itself  had  a  steadying  action.  In  conse- 
quence, the  writer  then  proposed  that  a  heavy  copper 
damper,  as  shown  in  Fig.  i,  be  placed  on  the  pole  tips 
of  a  converter  to  see  whether  it  would  affect  the  hunt- 
ing. In  the  latter  part  of  1896  a  damper  of  this  type 
was  fitted  on  one  of  the  Niagara  exciters  which,  as  said 
before,  were  utterly  inoperative  when  installed  in  the 
Niagara  plant.  Immediately  after  this  modification, 
this  exciter  operated  with  entire  satisfaction  as  a  con- 
\erter  and  all  hunting  disappeared.  Obviously,  there- 
fore, this  was  a  revolutionary  improvement.  Imme- 
diately plans  were  made  to  install  such  dampers  on 
other  machines,  and  in  each  case  hunting  was  overcome. 
This,  therefore,  was  the  origin  in  this  country  of  the 
damper  on  synchronous  converters. 

The  General  Electric  Co.  at  that  time  seemed  to  be 
getting  along  in  a  fairly  satisfactoiy  manner  without 
an\-  dampers,  but  the  real  rea.son  for  its  better  success 
was  not  fully  appreciated.  Its  25-cycle  converters  were 
built  with  solid  steel  poles,  like  its  direct-current  genera- 
tors, and  it  was  not  recognized  at  first  that  these,  in 
themselves,  furnished  enough  damping  capacity  for 
most  of  the  25-cycle  machines.  A  later  attempt  to  use 
laminated  poles  disclosed  the  real  reason  for  their  previ- 
ous success. 

Meanwhile,  however,  various  other  devices  to  lessen 
hunting  were  being  tried.  Among  these  was  the  use  of 
;i  heavy  flywheel  on  the  converter,  both  of  flexibly  and 
iion-flexibly  driven  types.  The  non-flexibly  driven  fly- 
wlieel  apparently  was  not  entirely  effective.  The 
flexibly  driven  flywheel  was  to  a  certain  extent  effective, 
.iccording  to  statements  at  that  time,  although  the  writer 
l;ad  no.  personal  experience  with  this  construction. 

Of  course,  after  the  hunting  trouble  on  25-cycle 
converters  had  been  eliminated  by  the  dampers,  there 
was  no  necessity  for  following  the  "induction"  type 
further,  and  that  work  was  abandoned,  except  in  one 
nr  two  special  instances.  In  1894,  the  company  had 
undertaken  to  build  a  10  hp,  60  cycle  converter.  It 
was  determined  that  it  would  operate  without  hunting, 
v.ith  its  field  coils  short-circuited  on  themselves,  thus 
forming  an  induction  converter.     A  new  field  was  then 
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constructed  with  very  short  poles  and  without  any  field 
winding  and  with  a  very  small  air-gap,  about  the  same 
as  that  of  a  small  induction  motor.  This,  at  first,  did 
not  work  as  well  as  with  the  former  field  with  the  field 
coils  short-circuiting  themselves.  It  was  then  assumed 
that  the  short-circuited  field  coils  must  have  had  some- 
thing to  do  with  the  operation  and  therefore  on  the  new 
field,  with  small  air-gap,  a  heavy  copper  one-turn  field 
winding  was  placed,  short-circuited  on  itself.  With 
this  winding,  the  operation  was  again  quite  satisfactory, 
and  this  maclfine  was  used  for  experimental  purj)  ises 
for  many  years. 

Another  type  of  "induction"  converter  was  experi- 
mented with,  about  this  time.  In  1894  and  1895,  the 
Westinghouse  company,  in  putting  up  its  new  shops  at 
East  Pittsburgh,  had  adopted  25  cycles,  two-phase  for 
its  power  system.  A  number  of  125  and  250  volt  con- 
verters were  designed  and  built  for  the  testing  rooms. 
These  converters  operated  fairly  well  except  that  they 
hunted  at  times,  the  copper  damper  not  yet  bein-<  de- 
vised. This  hunting  led  the  writer  to  consider  the  use 
of  one  of  these  converters  as  a  synchronous  running  ma- 
chine without  any  field  winding  whatever.  A  set  of 
circular  punchings,  of  the  same  bore  as  the  armature 
diameter,  was  slipped  over  the  outside,  making  good 
magnetic  contact  with  the  outside  of  the  armature  core, 
and  thus  forming  a  completely  closed  magnetic  circuit 
around  the  arrnature  winding.  This  armature  was 
then  driven  at  synchronous  speed  by  means  of  another 
machine,  two-phase  alternating-current  was  supplied  to 
the  collector  rings,  and  direct-current  was  delivered  at 
the  commutator.  This  was  practically  the  equivalent 
of  the  so-called  "permutator"  brought  out  in  Europe 
some  years  later.  This  machine  was  quite  sensitive  to 
brush  setting  and  the  direct-current  voltage  regulation 
was  relatively  poor. 

The  foregoing  covers  pretty  well  the  development, 
of  the  25  cycle  converter.  By  1896,  it  was  becoming 
fairly  well  established  and  by  1898,  with  improved 
dampers,  began  to  be  recognized  as  a  thoroughly  com- 
mercial machine.  Most  of  the  converters  were  operated 
from  engine-type  alternators  and  it  was  recognized  that 
the  generating  conditions  had  something  to  do  with  con- 
verter troubles. 

Another  condition  which  came  up  was  high 
ohmic  line  drop.  Cases  were  encountered  where  severe 
hunting  developed,  even  in  converters  with  fairly  good 
dampers.  Investigations  showed  that  increase  in  line 
voltage  helped  materially  and  it  began  to  be  recognized 
that  large  transmission  drop  was  harmful  for  con- 
verters. The  writer  made  extended  tests  at  one  time  to 
determine  the  effect  of  resistance  and  reactance  on  the 
hunting  of  synchronous  converters.  The  synchronous 
machine  for  this  test  was  provided  with  high  damping 
power.  The  results  indicated  that  high  ohmic  drop  be- 
tween the  generator  and  the  synchronous  load  was 
harmful,  depending  upon  the  amount  of  drop.  With 
25  percent  ohmic  drop,  there  was  almost  sure  tj  be 
hunting,  even  with  a  well  damped  machine.  AVith  20  per- 


cent ohmic  drop,  the  hunting  was  the  rule,  while  with 
15  percent  drop,  hunting  might  occur,  under  some  con- 
ditions, but  it  was  the  exception,  rather  than  the  rule. 
With  materially  less  than  15  percent  ohmic  drop  in  the 
circuits,  apparently  no  hunting  was  produced.  Similar 
tests  with  reactance  instead  of  resistance,  showed  that, 
up  to  as  high  as  60  percent  reactance,  there  was  no  ma- 
terial effect,  as  far  as  hunting  was  concerned.  In  con- 
sequence, the  conclusion  was  reached  that  resistance, 
rather  than  reactance,  was  the  harmful  element  in  a 
large  line  drop. 

The  interesting  fact  about  these  results  is  that  all 
later  experience  which  the  writer  has  encountered 
agrees  closely  with  these  early  tests. 

After  the  development  of  the  damper,  it  was  dis- 
covered that  the  amount  of  damping  on  each  machine 
had  not  only  an  appreciable  effect  in  eliminating  its  own 
hunting,  but  also  a  damping  effect  on  the  system  as  a 
whole,  and  thus  lessened  the  trouble  on  other  con- 
verters. In  one  case,  where  60  cycle  converters  without 
dampers  had  been  installed,  in  connection  with  a  water- 
wheel  plant,  tliere  was,  occasionally,  slight  hunting, 
principally  under  heavy  load.  The  customer  requested 
that  an  attempt  be  made  to  overcome  this  trouble.  As 
additional  converters  were  being  installed,  he  was  told 
that  the  trouble  would  be  lessened  when  the  new  con- 
verters were  put  into  operation.  He  was  very  doubt- 
ful about  this,  but  upon  the  installation  of  the  new  ma- 
chines, he  reported  that  the  hunting  of  the  earlier  ma- 
chines was  overcome.  This  was  accomplished  by  put- 
ting quite  ample  dampers  on  the  newer  machines,  thus 
mtroducing  a  steadying  element  into  the  system.  In 
another  case,  in  a  large  interurban  railway  system,  it 
was  found  that  the  converter  substations  farthest  from 
the  main  generating  plant,  were  subject  to  hunting  on 
heavy  load.  In  this  case,  a  new  substation  on  the  same 
line,  but  still  farther  away,  was  equipped  with  con- 
verters which  had  large  damping  capacity,  and  this 
quieted  the  substation  which  formerly  had  shown  S'gns 
of  trouble. 

In  1898  and  1899,  the  25-cycle  converter  was  com- 
ing to  the  front  very  rapidly.  In  the  latter  year  the 
Manhattan  elevated  railway  in  New  York  decided  to 
electrify,  and  the  first  order  for  synchronous  con- 
verters comprised  26  units,  each  of  1500  kw.  Some- 
time later  a  similar  order  for  the  New  York  Subway 
consisted  of  thirty- four  1500  kw  units.  Within  a  com- 
paratively short  time,  the  total  number  of  converters  of 
this  capacity  for  these  two  companies  aggregated  nearly 
100.  This  was  far  above  anything  ever  undertaken  in 
the  direct-current  generator  line,  and  thus  it  may  be  seen 
that,  even  at  this  early  date,  about  twenty  years  ago, 
the  25-cycle  converter  had  already  outgrown  its  dirtct- 
current  competitor. 

60-CYCLE    CONVERTERS 

The  success  of  the  25  cycle  converter  led  to  cor- 
responding attempts  to  build  60  cycle  machines.  Much 
greater  difficulties  were  encountered  than  in  the  25  cycle 


6o 


THE  ELECTRIC  JOURNAL 


Vol.  XVII,  No.  2 


machine,  due  to  inherent  limitations  dependent  upon  the 
frequency.  'J'he  first  6o  cycle  converter  built  by  the 
Westinghouse  company  was  undertaken  in  the  latter 
part  of  1896.  This  was  a  250  kw,  14  pole,  514  r.p.m. 
machine  designed  for  a  range  of  230  to  340  volts,  this 
range  to  be  taken  care  of  by  variations  in  the  alternat- 
ing-current supply  voltage  by  means  of  a  regulator. 
This  machine  was  built  without  dampers,  but,  if  the 
writer  remembers  rightly,  it  was  operated  from  a  gen- 
erating system  driven  by  a  water  wheel. 

Shortly  after  this,  a  number  of  60  cycle  converters 
were  put  out.  It  was  soon  found  that  600  volt,  60  cycle 
machines  were  quite  sensitive  to  flashing  and  ultim'.tely 
it  developed  that  this  was  due  to  inherent  limitations 
in  the  machines  themselves,  as  constructed  in  those 
days.  The  limiting  peripheral  speed  of  the  armature 
cores  and  commutators  was  such  that  apparently  good 
electrical  and  magnetic  proportions  were  not  obtainable. 
With  the  maximum  allowable  peripheral  speed  of  the 
cores  of  those  times,  about  7000  to  7500  feet  per  minute, 
the  pole  pitch  of  the  machines  was  only  about  12  inches 
and  this  did  not  allow  space  enough  for  both  a  good 
pole  width  and  an  ample  interpolar  space.  If  the  inter- 
polar  space  was  made  wide  enough  to  give  the  de.=ired 
commutating  conditions,  then  the  pole  itself  became  too 
narrow  to  give  the  necessary  pole  width  to  prevent  un- 
duly high  "peak  voltages"  between  commutator  bars. 
Six  hundred  volt  direct-current  machines  with  less  than 
12  inches  pole  pitch  had  been  good  practice,  but  not 
with  the  limitations  imposed  by  the  60  cycle  frequency. 
In  the  direct-current  generator,  frequency  and  commu- 
tator peripheral  speed  do  not  appear  as  limitations  to 
the  same  extent  as  in  a  synchronous  converter,  where 
the  pole  pitch  and  the  distance  between  the  adjacent 
neutral  points  on  the  commutator  are  fixed  entirely  by 
those  two  conditions.  In  the  60  cycle,  600  volt  con- 
verter, with  a  commutator  peripheral  speed  of  4500  ft. 
per  minute,  the  distance  between  adjacent  neutral  points 
is  7.5  inches,  regardless  of  the  number  of  poles  or 
revolutions.  Within  this  short  distance  of  7.5  inches,  it 
was  then  possible  to  use  thirty-six  commutator  bars,  for 
600  volts.  With  this  number  of  bars,  the  average  volts 
per  bar  would  be  16  2/3,  which  was  believed  to  be  per- 
missible. However,  with  the  lelatively  narrow  pole 
face,  compared  with  the  pole  pitch,  as  used  in  the  early 
60  cycle  converters,  the  peak  value  of  the  voltage  per 
bar  was  nearly  double  the  average,  and  attained  a  dan- 
gerous value  in  regard  to  flashing,  in  machines  of  re- 
latively large  capacity.  However,  if  the  poles  were 
made  considerably  wider,  while  letaining  the  same  pole 
pitch,  the  danger  of  flashing  due  to  high  voltage  be- 
tween bars  was  lessened,  but  the  commutating  zones 
became  so  sharply  defined  that  it  took  an  expert  to  op- 
erate the  machines  without  danger  of  sparking.  Ob- 
viously, whichever  way  we  moved  we  encountered 
either  a  serious  sparking  or  a  flashing  condition.  Add- 
ing to  the  above  difficulties  the  fact  that  60  cycle  en- 


gine-type generators  were  inferior  to  25  cycle  units,  in. 
constancy  of  frequency,  ability  to  operate  in  parallel, 
etc.,  it  may  be  seen  that  the  60  cycle  problem  was  not 
any  too  promising  for  600  volt  work,  even  with  dampers 
to  prevent  hunting.  Moreover,  when  the  damper  was 
developed  for  25  cycle  converters,  it  was  found  that 
equally  good  results  were  not  obtainable  in  60  cycle  con- 
verters, for  it  was  not  possible,  with  any  of  the  des'gns 
brought  out  at  the  time,  to  apply  anything  like  as  large 
damping  capacity,  as  was  possible  with  25  cycles.  The 
60  cycle  poles  were  much  smaller,  thus  allowing  less 
space  under  the  poles.  Furthermore,  with  the  higher 
frequency,  the  open  armature  slots  produced  quite  ueavy 
eddy  current  losses  in  the  dampers  themselves.  Never- 
theless, with  all  these  disadvantages,  dampers  were  ap- 
plied to  many  of  the  early  60  cycle  machines  with  ma- 
terial benefit,  especially  on  units  operated  from  water- 
wheels. 

While  the  damper  was  being  developed  for  60  ct  cle 
converters,  an  interesting  discovery  was  made  by  one 
of  the  engineers  installing  these  machines  on  a  western 
transmission  system.  Here,  there  was  hunting  at  tin.es 
due,  apparently,  to  ohmic  drop  in  the  line.  The  gen- 
erators were  waterwheel  driven.  Hunting  of  the  con- 
verters was  more  pronounced  with  heavy  loads,  indicat- 
ing line  drop  as  one  cause  of  the  trouble.  In  this  sta- 
tion there  was  a  100  hp  induction  motor  for  driving  cer- 
tain apparatus.  The  installing  engineer  noticed  that 
hunting  never  occurred  when  this  induction  motor  was 
connected  to  the  circuit.  In  consequence,  when  hunting 
did  occur  with  the  motor  off  the  circuit,  he  deliberalely 
threw  it  on  the  circuit  to  determine  whether  it  reallv  did 
have  any  effect,  and  it  was  found  that  this  stopped  the 
hunting.  In  another  installation  where  there  was  hunt- 
ing of  60  cycle  engine-type  generators,  operated  in 
parallel,  and  of  converters  operated  from  these  gen- 
erators, the  writer  prepared  a  special  induction  motor 
to  operate  in  parallel  with  the  converters.  This  was  a 
motor  of  50  hp  normal  rating,  but  which  was  operated 
under  such  increased  voltage  conditions  that  the  mag- 
netizing current  was  about  equal  to  the  rated  full  load" 
current  of  the  motor.  When  this  machine  was  con- 
nected to  the  above  system  in  parallel  with  the  con- 
verters, it  invariably  stopped  the  hunting  of  the  latter, 
even  though  there  was  hunting  between  the  two  genera- 
tors which  supplied  the  converters.  For  a  time,  this 
was  looked  upon  as  one  solution  of  the  hunting  p:ob- 
lem,  but  further  perfection  of  the  dampers  on  the  con- 
verters themselves  so  far  eliminated  the  trouble  that  the 
induction  motor  method  of  damping  was  abandoned. 

A  next  step,  which  was  of  material  benefit,  was  the 
advent  of  the  turbogenerator.  This  eliminated  the  ele- 
ment of  periodic  frequency  variations  found  with  the 
cngine-tj'pe  generators.  However,  even  with  this  im- 
provement, the  60  cycle  converter  was  still  more  or  less 
sensitive  to  sparking  and  flashing. 

(To  be  continued) 
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THE  TWO-PHASE  four-wire  circuit  consists  of 
two  single  phase  circuits,  in  one  of  which  the 
voltage  is  90  degrees  out  of  phase  with  that  in  the 
other.  Circuits,  such  as  the  one  shown  in  Fig.  14,  are 
usually  connected  so  that  the  voltage  in  phase  i?  is  a 
maximum  in  the  direction  from  line  i-  to  .^  90  degrees 
after  the  voltage  in  phase  A  is  a.  maximum  in  the  direc- 
tion /  to  J.  This  is  indicated  in  the  vector  diagram. 
Fig.  15,  where  the  vector  E^^  is  shown  90  degrees  be- 
hind £1 3.  Since  a  current  transformer  is  located  in 
line  4,  it  is  more  convenient  to  consider  the  positive  di- 
rection of  voltage  in  phase  B  from  4  to  ^,  so  that  the 
current  in  line  4  may  be  considered  positive  when  it  is 
flowing  in  the  direction  of  power  transmission.  The 
voltage  E^  „  is  180  degrees  from  E^  4  and  is  therefore  90 
degrees  ahead  of  E^  3.  The  positive  directions  through 
the  meters,  as  indicated  by  the  small  arrows,  are  in  ac- 
cordance with  the  assumption  that  the  voltage  E^  j  and 
current  I^  are  90  degrees  ahead  of  E^  3  and  /j. 
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measured  by  the  left  hand  element  of  the  wattmeter  and 
the  lower  element  of  the  watthour  meter  is  represented 
by  Pj  =  ^4  2  h-  Therefore,  the  total  power  P  is  equal, 
to  £i  3  /j  -(-  £4  2  h>  or  for  ^  balanced  condition,  where 
£1 3  and  £4  2  are  equal  and  I^  and  I^  are  equal,  the  equa- 
tion reduces  to  the  simple  form  for  the  power  in  a  two- 
phase  circuit,  that  is  P  =  2EI  where  £  is  the  phase 
voltage  and  /  the  line  current.  If  the  power-factor  is 
not  unity,  the  equation  must  be  written  P  =  2EI  cos  ^ 
where  0  is  the  angle  of  lag  or  lead,  and  the  cosine  of 
the  angle  (^  is  the  power- factor. 

One  frequency  meter  connected  to  either  phase  is 
sufficient,  since  the  frequency  is  the  same  in  both  phases. 
A  single-phase  power- factor  or  reactive  factor  meter  is 
shown  connected  to  one  phase  which,  for  balanced  two- 
phase  loads,  is  correct  for  the  circuit,  as  the  power-fac- 
tor would  be  the  same  in  both  phases.  In  cases  where 
single-phase  loads  with  various  power-factors  are  taken 
from  a  two-phase  system,  and  it  is  desired  to  have  an 
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FIG.    14  HG-    15 

FIG.    14 — METERS    ON    A    TWO-PHASE,    FOUR-WIRE   CIRCUIT 
FIG.    15 — VECTOR    DIAGRAM    FOR    TWO-PHASE,    FOUR- WIRE    CIRCUITS 

In  the  combination  of  meters  shown  in  Fig.  14, 
there  is  an  ammeter  and  a  voltmeter  for  each  phase. 
An  element  of  the  polyphase  wattmeter  and  of  the  watt- 
hour  meter  is  connected  to  each  of  the  two  phases  the 
same  as  for  single-phase  circuits,  so  that  these  meters 
measure  the  sum  of  power  used  in  the  two  phases,  or 
the  total  power  in  the  two-phase  circuit.  This  measure- 
ment of  power  may  also  be  explained  in  connection  with 
the  vector  diagram  in  Fig.  15.  The  current  and  volt- 
age coils  in  the  right  hand  element  of  the  wattmeter  and 
the  upper  element  of  the  watthour  meter  are  connected 
to  the  current  transformer  and  the  voltage  transformer 
in  phase  A,  so  that  the  current  which  flows  through  the 
current  coils  is  represented  by  I^  and  the  voltage  im- 
pressed on  the  voltage  coils  is  represented  by  E^  3,  and 
as  shown  for  unity  (100  percent)  power- factor,  the 
power  measured  by  these  respective  elements  is  ex- 
pressed by  Fj  =  £1 3  /,,  since  the  angle  of  lag  or  lead  is 
zero,   and    its    cosine    is   unity.     Similarly    the    power 


FIG.    16 — METERS    ON     A    TWO-PHASE-FOUR-WIRE    CIRCUIT    WITHOUT 
VOLTAGE  TRANSFORMERS 

indication  of  both  phases,  it  is  necessary  to  use  a  power- 
factor  or  a  reactive  factor  meter  on  each  phase.  For 
indicating  grounds  on  any  of  the  four  lines,  two  single- 
phase,  static  ground  detectors  are  used,  one  being  con- 
nected to  each  phase. 

A  combination  of  meters  is  shown  in  Fig.  16  similar 
U>  that  in  Fig.  14,  except  for  voltages  low 
enough  so  that  voltage  transformers  are  not  necessary. 
The  voltage  coils  of  the  meters  are  connected  directly 
to  the  lines  through  fuses,  and  these  voltage  circuits 
are  not  grounded.  The  static  ground  detectors  are  not 
used  because  they  are  not  adaptable  to  low-voltage  cir- 
cuits. The  current  transformers  are  connected  to  the 
current  coils  of  the  meters  in  the  same  manner  as  in 
Fig.  14. 

.A^  combination  of  meters  is  shown  in  Fig.  17,  in 
which  there  is  but  one  ammeter  and  one  voltmeter, 
which  may  be  shifted  from  one  phase  to  the  other  by 
means  of  an  ammeter  switch  and  a  voltmeter  switch. 
The  developments  of  these  switches,  which  are  shown 
in  Fig.  18,  illustrate  how  the  connections  are  made  in 
the  circuits  for  the  different  positions  of  the  switches. 
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For  the  ammeter  switch  in  the  off  position,  point  4  is 
open  and  points  /,  ^  and  j  are  connected  together,  so 
that  the  currents  from  the  current  transformers  in  hnes 
I  and  4  combine  and  flow  back  on  the  ground  wire  from 
point  2  without  any  current  flow  through  the  ammeter. 
For  position  i,  points  /  and  4  are  connected  together, 
and  points  ^  and  5  are  connected  together,  so  that  the 
current  from  the  current  transformer  in  line  /  flows 
out  on  the  wire  from  point  4  and  through  the  ammeter 
to  point  2,  thus  giving  a  reading  of  the  current  in  phase 
A,  and  then  combines  with  the  current  from  the  current 
transformer  in  line  4  and  returns  on  the  ground  wire 
from  point  2.  For  position  2,  points  j  and  4  are  con- 
nected together,  and  points  i  and  2  are  connected  to- 
gether, so  that  the  current  from  the  current  transformer 
in  line  4  flows  out  on  the  wire  from  point  4,  and  through 
the  ammeter  to  point  2,  thus  giving  a  reading  of  the 
current  in  phase  B,  and  returns  on  the  ground  wire  from 
point  2.  For  the  voltmeter  switch  in  the  off  position, 
all  the  points  are  open  and  the  voltmeter  is  entirely  dis- 
connected. For  position  /,  points  2  and  J  are  connected 
together  and  points  5  and  6  are  connected  together  so 
that  the  wire  from  the  voltage  transformer,  correspond- 
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FIG.    17 — METERS   ON    A   TWO-PHASE,    FOUR- WIRE   CIRCUIT 

Where  voltmeter  and  ammeter  switches  are  used. 

ing  to  line  /,  is  connected  to  one  terminal  of  the  volt- 
meter, and  the  wire  from  the  voltage  transformer,  cor- 
responding to  line  J,  is  connected  to  the  other  terminal, 
so  that  the  voltmeter  gives  a  reading  of  the  voltage  of 
phase  A.  For  position  2,  points  /  and  2  are  connected 
together  and  points  4  and  5  are  connected  together,  so 
that  the  wire  from  the  voltage  transformer,  correspond- 
ing to  line  4,  is  connected  to  one  terminal  of  the  volt- 
meter and  the  wire  from  the  voltage  transformer,  cor- 
responding to  line  2,  is  connected  to  the  other,  so  that 
the  voltmeter  gives  a  reading  of  the  voltage  of  phase  B. 

The  polyphase  graphic  wattmeter  is  connected  so 
that  it  measures  all  the  power  in  the  two-phase  circuit. 
In  addition  to  making  the  graphic  record,  this  meter  is 
provided  with  a  pointer  and  scale  so  that  it  serves  also 
as  an  indicating  meter. 

The  group  of  meters  shown  in  Fig.  18  is  the  same 
as  in  Fig.  17,  but  the  connections  are  for  a  circuit  where 
voltage  transformers  are  not  used.  The  polyphase 
graphic  wattmeter  has  the  ends  of  the  two  voltage  coil 
windings  connected  together  inside  of  the  meter  case 
and  one  lead  is  brought  out  from  that  junction.     There- 


fore, it  is  not  possible  to  keep  the  two  circuits  for  the 
voltage  coils  separate,  and  it  is  necessary  to  use  two  spe- 
cial resistors  connected  in  the  voltage  circuits  as  shown, 
in  order  to  adapt  the  meter  to  this  kind  of  a  circuit. 

TWO-PIIASE  THREE-WIRE   CIRCUITS 

The  two-phase  three-wire  system  differs  from  the 
four-wire  system  in  that  one  line  is  used  as  a  common 
return  for  both  of  the  phases,  and  therefore  only  three 
wires  are  necessary.  The  phases  are  not  separate,  one 
end  of  each  phase  winding  being  connected  to  the  com- 
mon return  line.  Fig.  19  shows  a  two-phase  three-wire 
circuit  in  which  line  2  is  the  common  return  or  neutral 
for  the  two  phases. 

The  relations  of  voltages  and  currents  in  the  cir- 
cuit can  best  be  understood  by  referring  to  the  vector 
diagram  in  Fig.  21,  in  which  E^  ^  represents  the  voltage 
in  phase  A  when  in  the  direction  from  line  /  to  line  2, 
and  E„  3,  90  degrees  behind  E^  2.  represents  the  voltage 
in  phase  B  in  the  direction  from  line  2  to  line  5.  /j  and 
/j  are  used  to  represent  the  currents  in  phase  with  £1  , 
and  £2  3  respectively.  It  is  most  convenient  to  consider 
the  component  of  the  current  in  line  2  which  belongs  to 


II 

—  METERS    ON    A    TWO-PHASE,    FOUR-WIRE    CIRCUIT    WITHOUT 
VOLTAGE  TRANSFORMERS 

phase  B  in  terms  of  the  current  in  line  j,  since  the  two 
currents  are  the  same,  except  that  one  is  in  a  negative 
direction  with  reference  to  the  positive  direction  in  the 
circuit,  and  it  is  for  this  reason  that  the  current  in  phase 
with  £  2  3  is  represented  by  — 1^.  It  is  necessary  to  con- 
nect current  transformers  in  lines  /  and  J  in  order  to 
make  use  of  the  currents  that  belong  to  the  respective 
phases,  and  in  considering  phase  B  it  is  more  convenient 
to  use  the  voltage  £3  o  in  the  direction  from  line  j  to 
line  2  and  the  current  /j  when  in  a  positive  direction, 
than  to  use  £,  3  and  — /3.  £3  2  and  l^  are  180  degrees 
from  £„  3  and  ■ — 1,^,  and  are  shown  in  this  position  in  the 
diagram.  The  current  1^  in  line  ^  in  a  positive  direc- 
tion is  equal  to  the  vector  sum  of  — Z,  and  — /j  and, 
when  — /i  and  — /j  are  equal  as  in  the  case  of  a  bal- 
anced load,  /^  is  equal  to  1  T  times  the  phase  current, 
since  — /j  and  — l^  are  90  degrees  apart.  In  such  a  cir- 
cuit it  is  necessary  that  the  neutral  line  lead  be  made 
enough  larger  than  the  other  leads  to  carry  this  propor- 
tionally greater  current. 

There  is  also  present  a  voltage  between  lines  j  and 
/,  due  to  the  phases  being  connected  as  was  pointed 
out    above.     This   voltage    £3 ,  when    in    the    direction 
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from  line  j  to  line  /  is  equal  to  the  vector  sum  of  the 
voltages  £3  2  and  £,  1  {-E^  2)  and,  for  balanced  voltages 
90  degrees  apart,  is  equal  to  1  r  times  the  phase  volt- 
age. 

As  shown  in  Fig.  19,  connections  to  the  meters  on 
the  secondary'  side  of  the  current  and  voltage  trans- 
formers are  exactl)'  the  same  as  for  the  two-phase  four- 
wire  circuits.  For  the  static  ground  detectors,  one  con- 
denser for  each  detector  is  connected  to  the  neutral 
wire. 

In  Fig.  20  is  shown  a  similar  set  of  meters  connected 
to  a  two-phase,  three-wire  circuit  where  voltage  trans- 
formers are  not  used.  Extra  resistors  for  the  graphic 
recording  wattmeter  are  not  necessary  as  the  returning 
currents  from  the  voltage  coils  may  reach  the  respective 
phases  directly  through  the  neutral  wire.  The  devel- 
opments of  the  voltmeter  switch  and  the  ammeter  switch 
are  as  shown  in  Fig.  18. 

FOUR-PHASE   CIRCUITS 

The    four-phase    circuit    consists    of    an    intercon- 
:nected  two-phase  arrangement,  where  the  middle  points 


^V/ 


♦  ♦  T  c,:c..:, 

FIG.    19 — METERS  OX   .-^  T\VO-r'H.\SE,   THREE-WIRE  CIRCUIT 

•of  the  two-phase  windings  are  connected  together.  A 
neutral  lead  may  be  taken  out  from  this  junction  point, 
making  a  four-phase,  five-wire  circuit.  Without  the 
neutral  the  circuit  is  four-phase,  four-wire. 

A  four-phase  five-wire  circuit  is  shown  in  Fig.  23, 
The  middle  points  of  the  two-phase  windings  are  con- 
nected at  the  point  0  and  line  5  is  the  neutral.  In  a 
system  of  this  kind  the  load  circuits  are  usually  taken 
off  between  the  main  lines  and  the  neutral,  so  that  the 
current  which  flows  out  on  any  line  may  return  on  the 
neutral.  When  the  load  on  the  system  is  balanced,  there 
will  not  be  any  current  flowing  in  the  neutral  line,  as  the 
current  which  flows  out  on  one  line  of  each  phase  flows 
through  the  two  load  circuits  connected  in  series  be- 
tween the  two  lines  of  each  phase  respectively,  and  re- 
turns on  the  other  line.  When  the  load  is  unbalanced, 
-so  that  the  current  in  one  of  the  two  load  circuits  con- 
Tiected  in  series  between  the  two  lines  of  each  phase  is 
^eater  than  the  current  in  the  other,  a  current,  equal 
in  amount  to  the  difference  between  the  currents  of  the 
two  load  circuits,  must  flow  in  the  neutral  line.  For 
this  reason  it  is  necessarv  to  connect  a  current  trnns- 


former  in  each  of  the  four  lines  of  the  system  in  order 
to  make  complete  measurements.  The  voltages  im- 
pressed on  the  various  load  circuits  is  the  voltage  from 
the  respective  lines  to  neutral,  or  for  a  balanced  condi- 
tion is  one-half  of  the  two-phase  voltage.  The  ammeter 
is  arranged  so  that  it  can  be  connected  to  any  one  of  the 
four  current  transformers  by  means  of  an  ammeter 
switch.  The  development  of  the  ammeter  switch 
shows  how  the  above  connections  are  made  for  the  dif- 
ferent positions. 

For  the  off  position,  points  i,  4,  J,  10  and  /j  are 
open,  so  that  the  ammeter  is  entirely  disconnected,  and 
points  2  and  J,  5  and  6,  8  and  p,  11  and  12,  are  respec- 
tively connected  together,  so  that  the  current  from  the 
current  transformer  in  line  /  flows  to  point  2  on  the 
ammeter  switch,  and  out  from  point  j  through  the 
right-hand  element  of  the  polyphase  wattmeter  and  re- 
turns on  the  ground  wire.  The  current  from  the  trans- 
former in  line  2  flows  to  point  5  on  the  ammeter  switch 
and  out  from  point  6  through  the  left-hand  element  of 
the  wattmeter  and  returns  on  the  ground  wire.  The 
current  from  the  transformer  in  line  J  flows  out  on  the 
ground    wire    through    the    right-hand    element   of    the 


FIG.    20 — METERS   OX    .■\   TWC-PH.ASE,  THREE-WIRE   CIRCUIT   WITHOUT 
VOLTAGE  TRANSFORMERS 

wattmeter  to  point  p  on  the  ammeter  switch  and  returns 
on  the  wire  from  point  8.  The  current  from 
the  transformer  in  line  4  flows  out  on  the  ground 
wire  through  the  left-hand  element  of  the  watt- 
meter to  point  12  on  the  ammeter  switch  and  re- 
turns through  the  wire  from  point  //.  In  tracing  the 
circuits  of  the  individual  current  transformers  it  must 
be  understood  that  in  some  parts  of  the  circuits,  the  in- 
dividual currents  do  not  remain  separated,  but  are  com- 
bined with  the  currents  from  some  or  all  of  the  other 
current  transformers.  But  a  wire  from  one  end  of 
each  current  transformer  is  taken  to  a  point  on  the  am- 
meter switch  and  tlierefore  the  currents  are  separated 
in  the  ammeter  switch,  so  that  they  may  be  singly  con- 
nected through  the  ammeter. 

For  position  /,  points  5  to  /j  remain  the  same  as 
in  the  off  position,  but  points  /  and  2  are  connected  to- 
gether and  points  j  and  4  are  connected  together,  so 
that  the  current  from  the  current  transformer  in  line  / 
flows  to  point  2  on  the  ammeter  switch,  and  out  from 
point  /  through  the  ammeter,  (thus  giving  a  reading  of 
the  current  in  line  /)  then  to  point  4  and  out  from  point 
?  through  the  rieht  hand  element  of  the  wattmeter  and 
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returns  on  the  ground  wire.  For  position  2,  points  /  to 
5  and  8  to  13  are  the  same  as  in  the  off  position,  but 
points  4  and  5  are  connected  together  and  points  6  and  7 
are  connected  together,  so  that  the  current  from  the 
current  transformer  in  line  2  flows  to  point  5  on  the 
ammeter  switch  and  out  from  point  4  through  the  am- 
meter, (thus  giving  a  reading  of  the  current  in  line  2) 
then  to  point  7  and  out  from  point  6  through  the  left 
hand  element  of  the  wattmeter  and  returns  on  the 
ground  wire.  For  position  j,  points  /  to  d  and  11  to 
jj  are  the  same  as  in  the  off  position,  but  points  7  and  8 
are  connected  together  and  points  p  and  10  are  con- 
nected together,  so  that  the  current  from  the  current 
transformer  in  line  j  flows  out  on  the  ground  wire 
through  the  right-hand  element  of  the  wattmeter  to  point 
(>  on  the  ammeter  switch,  and  out  from  point  10 
through  the  ammeter,  (thus  giving  a  reading  of  the 
current  in  line  3)  then  to  point  7  and  returns  on  the 
wire  from  point  8.  For  position  4,  points  J  to  p  are 
the  same  as  in  the  off  position,  but  points  10  and  11  are 
connected  together,  and  points  12  and  75  are  connected 
together,  so  that  the  current  from  the  current  trans- 
former in  line  4  flows  out  on  the  ground  wire  through 
the  left  hand  element  of  the  wattmeter  to  point  12  on 
the  ammeter  switch  and  out  from  point  13  through  the 
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FIG.    21 — VECTOR    DIAGRAM    FOR    A      FIG.    22 — VECTOR    DIAGRAM    FOR    A 
TWO-PHASE,  THREE-WIRE  CIRCUIT     FOUR-PHASE,    FIVE-WIRE    CIRCUIT 

ammeter,  (thus  giving  a  reading  of  the  current  in  line 
4)  then  to  point  lo  and  returns  on  the  wire  from  point 

The  polyphase  wattmeter  is  connected  to  measure 
the  total  power  in  the  four-phase  circuit,  and  in  order 
to  do  this,  the  secondary  currents  from  two  current 
transformers  connected  in  the  lines  of  each  phase  of  the 
two-phase  circuit  are  taken  through  each  of  the  watt- 
meter current  coils,  and  these  coils  must  be  of  suitable 
capacity  to  take  care  of  these  combined  currents.  The 
vector  diagram  in  Fig.  22  shows  the  relations  of  volt- 
ages and  currents  in  the  four-phase,  five-wire  circuit 
for  balanced  load  and  unity  power-factor,  and  also  pro- 
vides a  ready  means  for  checking  the  way  that  the 
wattmeter  measures  the  power.  The  voltage  vectors 
£,  5,  £,  r.>  ^.-i  r.  3""^  ^i  r„  90  degrees  apart  represent  the 
voltages  impressed  on  the  respective  load  circuits  be- 
tween the  four  lines  and  neutral,  and  /,  ,„  /j  5,  /j  5,  and 
I4  .,  represent  the  respective  currents  in  phase  with  the 
voltages.  The  two-phase  voltages  are  represented  by 
£,  3  and  E„  ^. 

The  current  transfonners  are  connected  so  that  the 
current  which  flows  through  the  right-hand  element  of 
the  wattmeter  is  equal  to  /,  .  —  /.  .  (vectorially").  which 


is  shown  on  the  vector  diagram  as  /a-  For  the  conditions- 
assumed,  this  current  is  equal  to  twice  the  four-phase 
line  current  since  the  two  currents  combined  are  ir» 
phase.  Similarly  /b,  the  vector  difference  of  /,  5  and 
f^  5  is  the  current  which  flows  through  the  left  hand 
element  of  the  wattmeter.  The  voltage  transformers 
are  connected  across  the  two-phase  voltages,  and  if  the 
meter  has  an  ordinary  calibration  for  these  voltages, 
the  power,  f m,  measured  by  the  meter,  is  equal  to 
2  y^  4  El,  where  E  is  the  four-phase  voltage  (one-half 
the  two-phase  voltage)  and  /  is  the  four-phase  line  cur- 
rent. 

The  actual  power,  P,  for  this  circuit,  when  the 
angle  of  lag  or  lead  is  zero,  is  4EI  which  is  one-half  the 
meter  indication,  and  therefore  the  meter  must  be  either 
specially  calibrated  or  be  used  with  a  multiplier  of  one- 
half. 

The  wattmeter  connection  shown  in  Fig.  23,  as  ex- 
plained, gives  correct  indications  regardless  of  the  un- 
balancing of  currents  so  long  as  the  voltages  do  not 
become  unbalanced.  \\'hen  the  voltages  are  unbalanced 
a  small  error  may  be  introduced  due  to  the  four-phase- 


FIG.    23 — AMMETER   AND   WATTMETER   ON   A    FOUR-PHASE, 
FIVE-WIRE   CIRCUIT 

voltages  not  being  equal  to  one-half  of  the  two-phase 
voltage. 

In  addition  to  connecting  load  circuits  between  each' 
of  the  four  lines  and  neutral  in  a  four-phase  five-wire 
circuit,  it  is  possible  to  connect  loads  between  any  two 
of  the  main  lines.  A  polyphase  wattmeter  (specially 
calibrated  or  used  with  a  multiplier  of  one-half  con- 
nected as  shown  in  Fig.  23,  will  correctly  measure  the 
power  in  the  entire  circuit  when  loads  are  taken  frora 
the  system  in  that  way  also,  as  will  be  evident  from  the 
explanation  of  the  four-phase,  four-wire  circuit  shown 
in  Fig.  24.  This  circuit  is  the  same  as  that  shown  iit 
Fig.  23  except  that  the  neutral  is  omitted  and  for  sim- 
plicity the  ammeter  connections  are  not  shown. 

In  analyzing  a  four-phase,  four- wire  circuit,  such' 
as  shown  in  Fig.  24,  it  is  necessary  to  construct  a  vec- 
tor diagram,  as  shown  in  Fig.  25.  This  diagram  is  for 
the  condition  of  unity  power-factor  and  balanced  load. 
The  four  generated  voltages  are  represented  by  the  vec- 
tors £(, ,,  E„ ;,  £„  „  and  £„  ^  which  are  90  degrees  apart. 
The  voltage  £1  ^  between  lines  /  and  2  in  the  direction' 
from  line  /  to  line  2  is  equal  to  £„ ,  —  £„ ,  Cvectorially) 
and  being  45  degrees  ahead  of  £„ ,  is  equal  to  |    ?  times- 
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the  generated  four-phase  vohage.  Likewise  E^  3,  £3  4, 
and  £4  1,  being  derived  in  a  similar  manner,  represent 
the  voltages  between  the  other  lines.  For  the  four- 
phase  circuit  under  consideration,  the  voltages  E^  j,  E^  3, 
£3  4  and  £4  1  are  the  voltages  impressed  on  the  respec- 
tive load  circuits  and  may  be  thought  of  as  the  four- 
phase  line  voltages.  /^ ,,  -^2  z,  h  4  ^^'^  h  1  represent  the 
currents  in  the  respective  load  circuits  in  phase  with  the 
four-phase  line  voltages.  The  current  /^  in  line  i  isi 
equal  to  /j  „  —  /^  j  (vectorially)  and,  being  45  degrees 
behind  Ij ,  is  equal  to  1  r  times  the  phase  or  load  cur- 
rents. Similarly  L,  I3  and  I4,  represent  the  currents  in 
the  other  three  lines. 

In  Fig.  24,  the  current  transformers  are  connected 
so  that  the  current  that  flows  through  the  right  hand 
element  of  the  wattmeter  is  equal  to  /^  —  73  (vectorial- 
ly) which,  as  indicated  by  /a  on  the  vector  diagram  in 
Fig.  25,  represents  twice  the  line  current.  Likewise,  /b, 
equal  to  twice  the  line  current,  represents  the  cuiient 
that  flows  through  the  left-hand  element  of  the  watt- 
meter. Since  the  voltage  coils  of  the  meter  are  con- 
nected to  the  two-phase  voltages,  the  total  power,  Pu, 
measured  by  the  wattmeter  is  equal  to  4  E„  I  where  E^ 
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FIG.    24 — WATTMETER  ON  A  FOUR- 
PHASE,    FOUR-WIRE    CIRCUIT 


FIG.    25 — VECTOR    DIAGRAM    FOR    A 
FOUR-PHASE,   FOUR-WFRE   CIRCUIT 


represents  the  two-phase  voltage  and  /  the  four-phase 
line  current.  £2  =  j  J  £  where  £  is  the  four-phase 
line  voltage,  and  therefore  the  former  equation  becomes 
/"m  =  4  1  J~EL  Then  dividing  this  result  by  2,  which 
would  have  to  be  taken  care  of  either  by  special  calibra- 
tion of  the  meter  or  by  the  use  of  a  multiplier,  gives  the 
actual  power  P  ^  2  \  J  E  I  which  is  correct  for  the 
four-phase,  four-wire  circuit,  when  the  angle  of  lag  or 
lead  is  zero. 

Load  circuits  may  also  be  connected  between  lines 
I  and  J  and  lines  2  and  4  the  same  as  for  a  two-phase 
four-wire  circuit.  The  two-phase  voltage  impressed  on 
these  load  circuits  is  equal  to  twice  the  generated  four- 
phase  voltage  and  1  J~  times  the  four-phase  line  voltage, 
/j  3  and  L  4  represent  the  currents  in  the  load  circuits 
connected  between  lines  /  and  J  and  lines  2  and  4  re- 
spectively. For  a  balanced  load  of  this  kind,  the  cur- 
rent which  flows  through  the  right-hand  element  of  the 
wattmeter  is  twice  the  line  current,  as  indicated  by  fc  on 
the  vector  diagram.  Likewise  It,  represents  the  current 
that  flows  through  the  left-hand  element  of  the  meter. 
Therefore,  the  total  power,  Fm,  measured  by  the  watt- 
meter is  4  EI,  where  £  is  the  two-phase  voltage  and  / 
the  two-phase  line  current.  This  result  divided  by  two 
gives  actual  power  P  ^  2  EI  which  is  correct  for  the 


two-phase  circuit,  when  the  angle  of  lag  or  lead  is  zero.. 
The  power  on  a  four-phase,  four-wire  circuit  can 
be  measured  by  three  single-phase  wattmeters  connected 
as  shown  in  Fig.  26.  Since  the  current  that  flows  out 
on  any  line  must  return  on  some  other  line,  only  three 
current  transformers  are  required  to  insure  measure- 
ment of  all  the  currents  that  can  flow.  Three  voltage 
transformers  are  necessary.  The  connections  are  made 
as  though  one  line  were  used  as  a  return  for  the  other 
three,  the  current  transformers  being  connected  in  the 
three  lines,  and  the  voltage  transformers  being  con- 
nected between  these  respective  lines  and  the  fourth 
line.  The  voltage  transformer  connected  between  lines 
2  and  4  would  have  to  be  for  a  higher  voltage  than  the 
other  two,  due  to  its  being  connected  across  the  two- 
phase  voltage  which  is  1  .^  times  the  four-phase  line 
voltage.  In  the  vector  diagram  for  this  circuit  shown 
in  Fig.  27,  £1 2,  £,  3,  £3  4  and  £4  ,,  represent  the  four- 
phase  line  voltages,  and  /j,  /,,  ^3  and  I^  the  line  cur- 
rents for  a  balanced  load  and  unity  power-factor.  £,  4 
represents  the  two-phase  voltage  between  lines  2  and  4: 
across  which  the  one  voltage  transformer  is  connected. 
Then  the  power  measured  by  the  right-hand  wattmeter 


FIG.     26  —  THREE     SINGLE-PHASE     FIG     27 — VECTOR      DIAGRAM       FOR- 
WATTMETERS   ON   A   FOUR-PHASE,        THE     FOUR-PHASE,     FOUR-WIRE 
FOUR-WIRE   CIRCUIT  CIRCUIT    SHOWN    IN    FIG.    26 

is  o  5  I  r  EI  where  £  is  the  four-phase  line  voltage  and 
/  the  line  current.  The  factor  0.5  |  .~  is  introduced 
because  the  current  /^  is  45  degrees  out  of  phase  with 
the  voltage  £1 4  and  the  component  of  this  current  in 
phase  with  the  voltage  is  0.5  1  T  I^.  The  power 
measured  by  the  middle  wattmeter  is  )  J"  EI,  since  the 
voltage  for  this  meter  is  1  7  times  the  four-phase  line 
voltage  and  the  current  is  in  phase  with  the  voltage. 
The  power  measured  by  the  left-hand  wattmeter  is 
o.s  ]T  EI,  the  same  as  for  the  right-hand  meter. 
Therefore  the  total  power,  as  given  by  the  sum  of  the 
three  meter  indications,  is  equal  to  2^  7 EI  which  is 
correct  for  the  circuit.  This  method  o  f  measuring 
power  is  independent  of  unbalancing  of  currents  and 
voltages. 


CORRECTIOK 


In  the  Journal  for  Januarj-,  p.  25,  left  column,  the  last  two. 
lines  above  Fig.  I  should  have  been  under  the  heading  "Selec- 
tion of  Positive  Directions."  On  some  copies  the  last  three 
symbols  disappeared  from  Fig.  3.  The  complete  illustratio'i 
appears  below. 


+      +      f- 
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THE  PROBLEMS  which  come  under  the  general 
heading  of  short  transmission  Hnes  are  those  in 
which  the  capacitance  of  the  circuit  is  so  small 
that  its  effect  upon  the  performance  of  the  circuit  may, 
for  all  practical  purposes,  be  ignored.  The  effect  of  ca- 
pacitance is  to  produce  a  current  in  leading  quadrature 
with  the  voltage,  usually  designated  as  charging  current. 
This  leading  component  of  current  in  the  conductor 
does  not  appear  in  the  load  current  at  the  receiving  end 
of  the  circuit.  It  is  zero  at  the  receiving  end  of  the 
circuit  but  increases  at  nearly  a  uniform  rate  as  the 
sending  end  of  the  circuit  is  approached,  at  which  point 
it  ordinarily  becomes  a  maximum. 

The  effect  of  this  charging  current  flowing  through 
the  inductance  of  the  circuit  is  to  increase  the  receiv- 
ing-end voltage  and  therefore  to  decrease  the  voltage 
drop  under  load.  Since  the  charging  current  is  2.4 
times  greater  for  a  frequency  of  60  cycles  than  it  is  for  a 
frequency  of  25  cycles,  its  effect  upon  the  voltage  regu- 
lation will  be  considerably  greater  at  60  cycles  than  at 
25  cycles.  The  effect  of  charging  current  upon  the 
voltage  regulation  will  also-  increase  as  the  distance  of 
transmission  is  increased. 

If  the  circuit  were  without  capacitance,  there  would 
be  no  charging  current  and  consequently  the  mathe- 
matical and  the  two  graphical  solutions  (impedance 
methods)  which  follow  under  the  general  heading  of 
"short  transmission  lines"  would  all  produce  accurate 
results.  All  circuits,  however,  have  some  capacitance, 
and  as  the  length  or  the  frequency  of  the  circuit  in- 
creases, these  three  methods  will  therefore  yield  re- 
sults of  increasing  inaccuracy.  Some  engineers  con- 
sider these  impedance  methods  sufficiently  accurate  for 
circuits  20  to  30  miles  long  while  others  use  them  for 
still  longer  circuits.  To  act  as  a  guide.  Table  J  indicates 
the  error  in  the  supply  voltage  as  determined  by  these 
impedance  methods,  for  circuits  of  different  lengths 
corresponding  to  both  25  and  60  cycle  frequencies. 
These  three  impedance  methods  produce  practically  the 
same  results,  and  the  sending  end  voltage,  as  determined 
by  any  of  these  methods,  is  always  slightly  high.  In 
other  words  the  effect  of  the  charging  current  is  to 
reduce  the  voltage  necessary  at  the  sending  end,  for 
maintaining  a  certain  voltage  at  the  receiving  end  of 
the  circuit.  The  error  referred  to  below  for  the  three 
methods  is  expressed  in  percentage  of  the  receiving  end 
voltage.  Thus,  for  a  30  mile,  25  cycle  circuit,  the  error 
is  0.04  percent,  and  for  a  30  mile,  60  cycle  circuit  the 
error  is  0.2  percent.     If  an  error  of  0.5  percent  is  con- 


sidered permissible,  then  the  Dwight  or  the  Mershon 
Chart  methods,  or  the  corresponding  mathematical  so- 
lution, may  be  used  for  25  cycle  circuits  up  to  approxi- 
mately 125  miles,  and  for  60  cycles  circuits  up  to  ap- 
proximately 50  miles.  Of  course  these  impedance 
methods  may  be  used  for  still  longer  circuits  by  making 
proper  allowance  to  compensate  for  the  fundamental 
error. 

DIAGRAM    ILLUSTRATING  A   SHORT  TRANSMISSION   CIRCUIT 

Fig.  16  illustrates  the  relation  between  the  various 
elements  in  short  transmission  circuits,  when  the  effect 
of  capacitance  and  leakage  is  not  taken  into  account. 
The  current  flowing  in  such  a  circuit  meets  two  op- 
posing e.m.f's. ;  i.e.  of  resistance  in  phase  with  the  cur- 
rent and  reactance  in  lagging  quadrature  with  the  cur- 
rent. 

The  upper  part  of  Fig.  16  illustrates  such  a  circuit 
schematically  and  the  lower  part  vectorially.     The  volt- 

TABLE  J 


Length  of 
Circuit  (Miles) 

Error  in  Percentage  of 
Receiver  Voltage 

25 
cycles 

60 
cycles 

20 
30 
50 
100 
200 
300 

+0.02 

+0.04 

+0.1 

+0.4 

+1.4 

-f3-3 

+0.10 
-t-0.2 
-H)-5 
+  1-9 
-1-8.0 
+18.0 

age  component  required  at  the  sending  end  to  overcome 
the  resistance  IR  of  the  circuit  is  indicated  in  the  vector 
diagram  by  a  short  line  parallel  with  the  base  line  /, 
representing  the  phase  of  the  current.  These  lines  are 
drawn  parallel,  since  the  resistance  voltage  drop  is  in 
phase  with  the  current.  The  voltage  component  re- 
quired at  the  sending  end  to  overcome  the  reactance  IX 
of  the  circuit  is  indicated  by  a  line  in  quadrature  nr  at 
right  angles,  to  the  phase  of  the  current.  The  reactance 
is  in  quadrature  with  the  current  for  the  reason  that  the 
rate  of  change  in  the  magnetic  field  (consequently  the 
e.m.f.  of  self-induction  or  reactance)  surrounding  the 
conductor  is  greatest  when  the  current  is  passing 
through  zero.  The  hypotenuse  IZ  of  this  small  right 
angle  impedance  triangle  represents  the  impedance  volt- 
age of  the  circuit.  It  represents  the  direction  and  value 
of  the  resulting  voltage  necessary  to  overcome  the  com- 
bined effect  of  the  resistance  and  the  reactance  of  the 
circuit. 

The  relative  values  and  phases  of  the  receiving  and 
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sending  end  voltages,  and  their  phase  relations  with  the 
current  /,  are  also  indicated  on  the  vector  diagram. 
This  diagram  is  plotted  for  a  receiving  end  load  based 
upon  80  percent  power-factor  lagging.  E^  represents  the 
value  of  the  voltage  required  at  the  sending  end  of  the 
circuit  to  maintain  the  voltage  £r  at  the  receiving  end, 
when  the  impedance  of  the  circuit  is  IZ  and  the  receiv- 
ing end  power-factor  is  80  percent  lagging.  The  phase 
angle  *s  indicates  the  amount  by  which  the  current  lags 
behind  the  voltage  at  the  sending  end ;  cos  *s  being  the 
power-factor  of  the  load  as  measured  at  the  sending 
end.  Likewise  cos  9^  is  the  power-factor  of  the  load  at 
the  receiving  end. 

TAPS  TAKEN  OFF  CIRCUIT 

Usually  the  main  transmission  circuit  is  tapped  and 
power  taken  off  at  one  or  more  points  along  the  circuit. 
The  performance  of  such  a  circuit  must  be  calculated 
by  steps  thus : — Assume  a  circuit  200  miles  long  with 
10  000  kw  taken  off  at  the  middle  and  10  000  kw  at  the 
receiving  end.  From  the  conditions  known  or  assumed 
at  the  receiving  end,  calculate  the  corresponding  send- 
I 


EQUIVALENT  TRANSMISSION  CIRCUIT  TO  NEUTRAL 


!(. E,  Co5  0, > 

VECTOR  DIAGRAM  OF  TRANSMISSION  CIRCUIT 

FIG,    16 — DIAGRAMS    FOR    SHORT    TRANSMISSION    LINES 

Impedance  method,  capacitance  effect  not  taken  into  account. 

ing  end  conditions,  that  is  the  voltage,  power  and 
power-factor  at  the  substation  in  the  middle  of  the  cir- 
cuit. To  the  calculated  value  of  the  actual  power  in 
kilowatts  add  the  losses  at  the  substation  in  the  middle 
of  the  circuit.  Any  leading  or  lagging  component  in 
the  substation  load  current  must  also  be  added  dge- 
braically,  in  order  to  determine  the  power- factor  at  the 
sending  side  of  the  substation.  This  will  then  be  the 
receiving  end  conditions  at  the  substation  in  the  middle 
of  the  circuit,  from  which  the  corresponding  conditions 
at  the  sending  end  of  the  circuit  may  be  calculated.  If 
the  sending  end  conditions  are  fixed,  and  the  receiving 
end  conditions  are  to  be  determined,  the  substation 
losses  will  in  such  case  be  subtracted  in  place  of  added. 

CABLE   AND   AERIAL    LINES    IN    SERIES — COMPOSITE    LINES 

In  some  cases  it  is  necessary  to  place  part  of  a 
transmission  circuit  underground,  and  in  other  cases  it 
may  be  desirable  to  use  two  or  more  sizes  of  conductors 
in  series.  The  result  will  be  that  the  circuit  constants 
will  be  different  for  the  various  sections.  If  the  eflect 
of  capacitance  be  neglected,  the  combined  circuit  may 


be  treated  as  a  single  circuit  having  a  certain  total  re- 
sistance R  and  a  total  reactance  A'. 

PROBLEMS 

Later  a  table  will  be  presented  listing  a  large  num- 
ber of  transmission  circuits  from  20  to  500  miles  long, 
at  both  25  and  60  cycles  operating  at  from  10  000  to 
200000  volts.  These  problems  are  numbered  from  i  to 
64.  When  a  reference  is  made  in  the  following  to  some 
problem  number  it  will  refer  to  one  of  this  list  of  prob- 
lems. 

SYMBOLS 

The  symbols  which  will  be  employed  in  the  follow- 
ing treatment  are  given  below: — 

FOR  LOAD  CONDITIONS 

Kv-Or     =   (total)   at  receiving  end. 
Kv-Orn  =  (one  conductor  to  neutral)  at  receiving  end. 
Kv-a,    =  (total)  at  sending  end. 
Kv-Qsa  =  (one  conductor  to  neutral)   at  sending  end. 
Kc!.',    =  Kw  (total)  at  receiving  end. 
KiCn  =  Kw  (one  conductor  to  neutral)  at  receiving  end. 
Kzcs    =  Kw   (total)   at  sending  end. 
A'w'sn  =  Kw  (one  conductor  to  neutral)  at  sending  end. 
£r     =  Voltage  between  conductors  at  receiving  end. 
Em    =  Voltage  from  conductors  to  neutral  at  receiving 

end. 
£s     =  Voltage  between  conductors  at  sending  end. 
£»n    =^  Voltage   from  conductors  to  neutral  at  sending 
end. 
/r     :=  Current   in   amperes   per  conductor  at   receiving 

end. 
I,    =  Current  in  amperes  per  :onductor  at  sending  end. 
Cos  Or     =  Power-factor  at  receiving  end. 
Cos  0t    =  Power- factor  at  sending  end. 

FOR  ZERO   LOAD   CONDITIONS 

The  symbols  corresponding  to  zero  load  conditions 
are  as  indicated  above  for  load  conditions  with  the  ad- 
dition of  a  sub  zero. 

THE    FUNDAMENTAL  OR  LINEAR   CONSTANTS 

The  fundamental,  or  "linear  constants"  of  the  cir- 
cuit for  each  conductor  per  unit  length  are  represented 
as  follows: — 

r  =  Linear  resistance  in  ohms  per  conductor  mile   (taken 

from    Table  11) 
X  :=  Linear  reactance  in  ohms  per  conductor  mile   (taken 

from  Table  IV  or  V) 
h  =  Linear  capacitance  susccptance  to  neutral  in  ohms  per 

conductor  mile  (taken  from  Table  IX  or  X) 
g  =  Linear   leakage  conductance   to  neutral   in   ohms   per 
conductor  mile.     (This  represents  the  direct  escape 
of  active  power  through  the  air  between  conductors 
and  of  active   power   leakage  over  the   insulators. 
These    losses    must    be    estimated    for    conditions 
similar  to  these  of  the  circuit  under  consideration. 
For  all  lines  except  those  of  great  length  and  high 
voltage    it    is    common    practice    to   disregard    the 
effects  of  leakage  or  corona  loss  and  to  take  g  as 
equal  to  zero. 
2  =  Linear  impedance  ^  |l    r'  -\-  x" 
y  =  Linear  admittance  =  1    g'  -r  b' 
If  the  length  of  each  conductor  of  the  circuit  in 
unit  length  is  designated  as  /  we  have 

rl  z=  Total  resistance  in  ohms  per  conductor  =  R 
xl  =  Total  reactance  in  ohms  per  conductor  :=  X 
hi  =  Total  susceptance  in  ohms  per  conductor  to  neutral 

=  B 
gl  =  Total  conductance  in  ohms  per  conductor  to  neutral 
=  G 
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then, 

2  =  1 

I'  if'  +  X'  ohms 

and,  Y  =  1 

(?  +  B'  ohms 

//?  ^  Voltage  necessary  to  overcome  the  resistance. 

IX  =  Voltage  necessary  to  overcome  the  reactance. 

IZ  =  Voltage  necessary  to  overcome  the  impedance. 

METHODS    FOR   DETERMINING   THE    CONSTANTS    OF    THE 

CIRCUIT 

Several  different  methods  for  determining  the  fun- 
damental constants  of  the  circuit  are  in  use.  These 
methods  are  illustrated  below. 

Problem — Find  the  resistance  volts  IR  and  the  re- 
actance volts  IX  in  percent  of  delivered  volts  E^  for  the 
following  conditions: — lOO  kw  active  power  to  be  de- 
livered at  looo  volts,  three-phase,  6o  cycles,  over  three 
No.  oooo  stranded,  hard  drawn,  copper  conductors,  cir- 
cuit one  mile  long,  with  a  symmetrical  delta  arrange- 
ment of  conductors,  two  foot  spacing,  the  temperature 
being  taken  as  25  degrees  C. 

Resistance   of   one   mile  of   single   conductor  =  0.277 
ohm  (from  Table  II) 

Reactance   of   one   mile   of   single   conductor   =  0.595 
ohm  (from  Table  V) 

Method  No.  i — When  three-phase  circuits  first 
came  into  use,  it  was  customary  (and  correct),  in  de- 
termining the  loss  and  voltage  regulation,  to  consider 
them  equivalent  to  two  single-phase  circuits,  each  single- 
phase  circuit  transmitting  one-half  the  power  of  the 
three-phase  system.  This  practice  is  still  followed  by 
some  engineers ;  thus : — 

50000  ,  ,  ,     ■     ,     , 
=  ^0  ainb.  per  conductor  for  each  single-phase  cir- 

0.277  X  2  X  50 


1000 

0.595  X  2  X  50 


X    100  :=  2.77%    resistance  volts  drop  of 
single-phase  circuit. 

X    100  =  5.95%    reactance  volts  drop  of 
single-phase  circuit. 

the  case  as  a 


Method  No.  2  consists  of  treating 
straight  three-phase  problem.     Thus  : 

Tnno  V  I  7^    =    5773   amperes    per    conductor    of    three- 
1000  X  1732  pi^g^g  circuit. 


0.277  X  1.732  X  5773 


0.595  X  1732  X  5773 
1000 


X    100 


X    100 


2.77  %  resistance  volts 
drop  of  three- 
phase  circuit. 


5.95%  reactance  volts 
drop  of  three- 
phase  circuit. 

Method  No.  j  consists  in  assuming  one-third  the 

total  power  transmitted  over  one  conductor  with  neutral 

or  ground  return   (resistance  and  reactance  of  return 

being  taken   as   zero).     Such   an   equivalent   circuit   is 

shown  by  diagram  in  the  upper  part  of  Fig.  16.     Thus 

the  circuit  constants  for  the  above  problem  would  be 

■determined  as  follows : — 


Volts  to  neutral  =  1000  X  0.5774  or  577.4  volts. 


33  ^33 


577-4 
0277  X  57-74 

577-4 
0-595  X  57-74 

577-4 


57.74    amperes    per    conductor;    (same    as    for 
method  No.  2) 


X    100  ;=  2-77%    resistance  volts  drop    of 
three-phase  circuit. 


X    100 


5.95%    reactance   volts   drop    of 
three-phase  circuit. 


It  will  be  seen  that  all  three  methods  produce  the 
same  results.  Method  No.  j  seems  the  most  readily 
adaptable  to  various  kinds  of  transmission  systems  and 
will  be  used  exclusively  in  the  treatment  of  the  problems 
which  will  follow. 

APPLICATION  OF  THE  TABLES 

Numerous  tables  of  constants,  charts,  etc.,  have 
been  presented,  and  a  few  more  will  follow.  Chart  II 
plainly  indicates  the  application  of  these  tables,  etc.  to 
the  calculation  of  transmission  circuits  and  the  sequence 
in  which  they  should  be  consulted. 

GRAPHICAL  vs.    MATHEMATICAL   SOLUTIONS 

At  the  time  of  the  design  of  a  transmission  circuit 
the  actual  maximum  load  or  power-factor  of  the  load 
that  the  circuit  will  be  called  upon  to  transmit  is  sel- 
dom known.  An  unforseen  development  leading  to  an 
increased  demand  for  electrical  energy  may  result  in  a 
greatly  increased  load  to  be  transmitted.  The  actual 
length  of  a  circuit  (especially  when  located  in  a  hilly 
or  rolling  country)  is  never  known  with  mathematical 
accuracy.  Moreover,  the  actual  resistance  of  the  con- 
ductors varies  to  a  large  extent  with  temperature  varia- 
tions along  the  circuit. 

When  it  is  considered  that  there  are  so  many  in- 
determinate variables  which  vitally  affect  the  per- 
formance of  a  transmission  circuit,  it  would  seem  that 
a  comparatively  long  and  highly  mathematical  solution 
for  determining  the  exact  performance,  necessarily 
based  upon  rigid  assumptions,  is  hardly  justified.  In 
many  cases  the  economic  loss  in  transmission  will  de- 
termine the  size  of  conductors  and,  if  the  circuit  is  very 
long,  synchronous  machinery  is  likely  to  be  employed 
for  controlling  the  voltage. 

Mathematical  solutions  have  one  very  important 
virtue,  in  that  they  provide  an  entirely  different  but 
parallel  route  in  the  solution  of  such  problems,  and 
therefore  are  valuable  as  a  check  against  serious  errors 
in  the  results  obtained  by  the  more  simple  graphical  so- 
lutions. 

In  the  following  treatment,  simple  but  highly  ac- 
curate graphical  solutions  will  be  first  presented,  for 
determining  the  performance  not  only  of  short  trans- 
mission lines,  but  also  for  long  lines.  For  short  lines 
the  Dwight  and  the  Mershon  charts  will  be  used.  For 
long  lines,  where  the  effect  of  capacitance  must  be  ac- 
curately accounted  for,  the  Wilkinson  Charts,  supple- 
mented with  vector  diagrams  will  be  used.  These  three 
forms  of  graphical  solutions  will,  when  correctly  ap- 
plied to  any  power  transmission  problem,  produce  re- 
sults in  which  the  error  will  be  much  less  than  that  due 
to  irregularities  in  line  construction  and  inaccurate  as- 
sumptions of  circuit  constants.  These  three  graphical 
solutions  will  in  each  case  be  followed  by  mathematical 
solutions.  In  the  case  of  short  lines  the  usual  formulas 
employing  trigonometric  functions  will  be  employed, 
and  in  the  case  of  long  lines  the  convergent  series,  and 
two  different  forms  of  hyperbolic  solutions  will  be  em- 
ployed- 
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GRAPHICAL  Solution 

When  the  receiving  end  load  conditions,  that  is, 
?the  voltage,  the  load  and  the  power-factor  are  known, 
the  IR  volts  required  to  overcome  the  resistance  and 
the  IX  volts  required  to  overcome  the  reactance  of  the 
circuit,  may  be  readily  calculated. 

On  a  piece  of  plain  paper  or  cross-section  paper 
<livided  into  tenths,  a  vector  diagram  of  the  current 
iind  of  the  various  voltage  drops  of  the  circuit  may  be 
laid  out  to  a  convenient  scale.  Whichever  kind  of 
paper  is  used,  the  procedure  will  be  as  in  the  following 
example. 

Single-Phase  Problem — Find  the  voltage  at  the 
sending  end  of  a  single-phase  circuit  16  miles  long,  con- 
sisting of  two  stranded,  hard  drawn  No.  0000  copper 
conductors  spaced  three  feet  apart.  Temperatures  taken 
as  25  degrees  C.  Load  conditions  at  receiving  end 
assumed  as  4000  kv-a  (3200  kw  at  80  percent  power- 
factor  lagging)  20  000  volts,  single-phase,  60  cycles 
4000 


Kv-a,„ 


£„, 


•  =  2000  kv-a  to  neutral. 


10  000  volts  to  neutral. 


200  amperes  per  conductor. 


10  000 

The  fundamental  constants  per  conductor  are ; — 
i?  =  16  X  0.277  {from  Table  II)  =  4.432  ohms 
X  =  16  X  0.644  (from  Table  V)  =  10.304  ohms 
and  IR  =  200  X  +432  ^  886  volts  resistance  drop 
RSfS 

X  100  =  8.86  percent 

2061  volts  reactance  drop 
-  20.61  percent 


10  000 
IX  =  200  X  10.304  = 
2061 
^ X  100 


Having  determined  the  above  values  a  vector  dia- 
gram may  be  made  as  follows : — 

Draw  an  arc  quadrant  having  a  radius  of  10  000 
(the  receiving  end  voltage  to  neutral)  to  some  con- 
venient scale,  as  shown  in  Fig.  17.  The  radius  which 
represents  the  base,  or  horizontal  line  will  be  assumed 
as  representing  the  phase  of  the  current  at  the  receiv- 
ing end  of  the  circuit.  Divide  this  base  line  into  ten 
equal  parts.  These  ten  divisions  will  then  correspond 
to  loads  of  corresponding  power-factors.  Since  a  load 
has  been  assumed  having  a  power-factor  of  80  percent 
lagging,  draw  a  vertical  line  from  the  0.8  division  on 
the  base  line,  until  it  intersects  the  arc  of  the  circle. 
From  this  point  of  intersection  draw  a  line  to  the  right 
and  parallel  with  the  base  line.  To  the  same  scale  as 
that  plotted  for  the  receiver  voltage  (10  000)  measure 
oflF  to  the  right  886  volts  to  D.  This  is  the  voltage 
which,  as  determined  above  is  required  to  overcome  the 
resistance  of  one  conductor  of  the  circuit.  It  is  some- 
times stated  as  the  voltage  consumed  by  the  line  re- 
sistance. It  will  be  noted  that  this  voltage  drop  is  in 
phase  with  the  current  at  the  receiving  end.  From  this 
point  lay  off  vertically,  and  to  the  same  scale,  2061  volts 
which  is,  as  determined  above,  the  volts  necessar>'  to 
overcome  the  reactance  of  one  conductor  of  the  circuit. 
This  is  sometimes  stated  as  the  voltage  consumed  by  the 
line   reactance.     Connect   this  last  point  by  a   straight 


CHART  II.— APPLICATION   OF   TABLES  TO 

SHORT  TRANSMISSION  LINES 
(EFFECT  OF  CAPACITANCE  NOT  TAKEN   INTO  AC- 
COUNT)     OVER  HEAD  BARE  CONDUCTORS 


Starting  with  the  kv-a.,  voltage  and  power-factor  at 
the  receiving  end  known. 


QUICK  ESTIMATING  TABLES  XII  TO  XXI  INC. 
From  the  quick  estimating  table  corresponding  to  the 
voltage   to   be   delivered,   determine   the   size  of   the   con- 
ductors corresponding  to  the  permissible  transmission  loss. 


HEATING  LIMITATION— TABLE  XXIII 
If  the  distance  of  transmission  is  short  and  the  amount 
of  power  transmitted  very  large  there  is  a  possibility  of 
overheating  the  conductors — to  guard  against  such  over- 
heating the  carrying  capacity  of  the  conductors  contem- 
plated should  be  checked  by  this  table. 


CORONA  LIMITATION— TABLE  XXII 

If  the  transmission  is  at  30000  volts,  or  higher,  this 
table  should  be  consulted  to  avoid  the  employment  of  con- 
ductors having  diameters  so  small  as  to  result  in  excessive 

corona  loss. 


RESISTANCE— TABLES  I  AND  II 
From  one  of  these  tables  obtain  the  resistance  per 
unit  length  of  single  conductor  corresponding  to  the  maxi- 
mum operating  temperature — calculate  the  total  resistance 
for  one  conductor  of  the  circuit — if  the  conductor  is  large 
(250000  circ.  mils  or  more)  the  increase  in  resistance  due 
to  skin  effect  should  be  added. 


PR  TRANSMISSION  LOSS 

Calculate  the  PR  loss  of  one  conductor  by  multiplying 
its  total  resistance  by  the  square  of  the  current — to  obtain 
the  total  loss  multiply  this  result  by  the  number  of  con- 
ductors of  the  circuit. 


REACTANCE— TABLES  IV  AND  V 

From  one  of  these  tables  obtain  the  reactance  per  unit 
length  of  single  conductor.  Calculate  the  total  reactance 
for  one  conductor  of  the  circuit.  If  the  reactance  is  ex- 
cessive (20  to  30  percent  reactance  volts  will  in  many  cases 
be  considered  excessive)  consult  Table  VI  or  VII.  Hav- 
ing decided  upon  the  maximum  permissible  reactance  the 
corresponding  resistance  may  be  found  by  dividing  this 
reactance  by  the  ratio  value  in  Table  VI  or  VII.  When 
the  reactance  is  excessive,  it  may  be  reduced  by  instaUing 
two  or  more  circuits  and  connecting  them  in  parallel,  or 
by  the  employment  of  three  conductor  cables.  Using 
larger  conductors  will  not  materially  reduce  the  reactance. 
The  substitution  of  a  higher  transmission  voltage,  with  its 
correspondingly  less  current,  will  also  result  in  less  react- 
ance. 


GRAPHICAL  SOLUTION 
.\  simple  graphical  solution,  as  described  in  the  text, 
may  be  made  by  which  the  kv-a,  the  voltage  and  the  power- 
factor  at  the  sending  end  of  the  circuit  may  be  determined 
graphically.  Or  the  voltage  at  the  sending  end  mav  be 
determined  graphically  by  the  use  of  either  the  Dwight  or 
the  Mershon  chart.  With  the  Mershon  chart  the  power- 
factor  at  the  sending  end  may  be  read  directly  from  the 
chart. 


MATHEMATICAL  SOLUTION 
As   a   precaution   against   errors   the   results   obtained 
graphically  should  be  checked  by  a  mathematical  solution, 
in  cases  where  accuracy  is  essential. 
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line  with  the  center  E  of  the  arc.  The  length  of  this 
line  ES  represents  the  voltage  to  neutral  at  the  sending 
end  which,  for  this  problem,  is  1 1  998  volts.  The  dis- 
tance this  line  extends  beyond  the  arc  represents  the 
drop  in  voltage  for  one  conductor  of  the  circuit.     The 


voltage  drop  for  this  problem  is 


X  100  =  19.98 


10000 
percent  of  the  receiving  end  voltage. 

The  phase  difference  between  the  current  and  the 
voltage  at  the  receiver  end  is  *r  =  36°  52'.  This  is  the 
angle  whose  cosine  is  0.8  corresponding  to  a  power-fac- 
tor at  the  receiving  end  of  80  percent.  Likewise  the 
phase  dilTerence  between  the  receiving  end  current  and 
the  sending  end  voltage  is  6^  =  42°  13'  corresponding 
to  a  power- factor  at  the  supply  end  of  74.06  percent. 
The  difference  in  these  two  phase  angles  (5°  21')  repre- 
sents the  difference  in  the  phase  of  the  voltages  at  the 
sending  and  receiving  ends  of  the  circuit.     The  power- 


1996  VOLTS   CONDUCTOR  DROP 


ezoei  VOLTS  reactance  drop 


2244  VOLTS  IMPEDANCE  DROP 


> CURRENT 
POWER-FACTOR      OF    LOAD 

FIG.    17 — GRAPHICAL    SOLUTION    FOR    A    SHORT   TRANSMISSION    LINE 

Capacitance  eflfect  not  taken  into  account, 
factor  at  the  sending  end  of  the  circuit  may  be  readily 
obtained  by  dropping  a  vertical  line  down  from  the  point 
where  the  line  representing  the  sending  end  voltage  ES 
intersects  the  arc  of  the  circle,  to  the  base  line 
representing  the  phase  of  the  receiving  end  current. 
Such  a  line  will  correspond  to  a  power-factor  of  74.06 
percent.  This  assumption  that  the  vector  representing 
the  direction  of  the  receiving  end  current  also  repre- 
sents the  direction  of  the  sending  end  current  is  upon 
the  basis  that  the  circuit  is  without  capacitance.  It, 
therefore,  is  permissible  only  with  short  lines. 

In  Fig.  17  the  location  of  the  impedance  triangle 
is  also  indicated  (by  broken  lines)  in  positions  corre- 
sponding to  a  receiving  end  load  of  100  percent  power- 
factor:  and  also  for  a  receiving  end  load  of  zero  lagging 
power-factor.  It  is  interesting  to  note  that  in  the  case 
of  100  percent  power-factor  the  resistance  drop  (at 
right  angle  to  the  arc)  has  a  maximum  effect  upon  the 
voltage  drop;  whereas  the  reactance  drop  (nearly  paral- 
lel with  the  arc)  has  a  minimum  effect  upon  the  volt- 


age drop.  At  zero  lagging  power-factor  load  just  the 
reverse  is  true;  namely  the  resistance  drop  is  nearly 
parallel  with  the  arc  and  causes  a  minimum  voltage 
drop,  while  the  reactance  is  at  right  angles  and  produces 
a  maximum  effect  upon  the  voltage  drop. 

VOLTAGE   AT   SENDING    END   AND    LOAD   AT   RECEIVING 
END  FIXED 

In  cases  of  feeders  to  be  tapped  into  main  trans- 
mission circuits,  the  voltage  at  the  sending  end  is  usually 
fixed.  It  may  be  desired  to  determine  what  the  volt- 
age will  be  at  the  receiving  end  corresponding  to  a  given 
load.     This  may  be  obtained  graphically  as  follow? : — 

Draw  a  horizontal  line  which  will  be  assumed  to- 
represent  the  phase  of  the  current.  (Fig.  17)  Since 
the  power- factor  of  the  load  at  the  receiving  end  is 
known,  the  angle  whose  cosine  corresponds  may  be  ob- 
tained from  Table  K.  This  angle  represents  the 
phase  relation  between  the  current  and  the  voltage  at 
the  receiving  end  of  the  circuit.  For  the  problem  illus- 
trated by  Fig.  17  this  angle  is  36°  52',  corresponding  to 
a  power-factor  of  80  percent.  Having  determined  this 
angle,  draw  a  second  radial  line  intersecting  the  current 
vector  at  the  angle  corresponding  to  the  receiving  end 
load  power-factor.  This  second  line  will  then  repre- 
sent the  direction  of  the  voltage  at  the  receiving  end 
of  the  circuit.  If  the  load  power-factor  is  lagging,  this 
line  will  be  in  the  forward  direction,  and  if  the  load 
power-factor  is  leading  it  will  be  in  the  backward  di- 
rection from  the  current  vector.  Now  with  the  inter- 
section of  the  current  and  voltage  vectors  as  a  center, 
draw  an  arc  of  a  circle  to  some  suitable  scale,  repre- 
senting the  voltage  at  the  sending  end.  Calculate  the 
voltage  necessary  to  overcome  the  resistance,  and  also 
that  necessary  to  overcome  the  reactance  of  the  circuit. 

Draw  a  right  angle  impedance  triangle  to  the  same 
scale,  using  the  resistance  volts  as  a  base.  Cut  out  the 
impedance  triangle  to  its  exact  stze.  Keeping  the  base 
of  the  triangle  (resistance  voltage)  in  a  horizontal  posi- 
tion (parallel  with  the  current  vector)  move  the  triangle 
over  the  diagram  in  such  a  manner  that  its  apex  follows 
the  arc  of  the  circle  representing  the  numerical  value 
of  the  voltage  at  the  sending  end.  Move  the  triangle 
up  or  down  until  a  position  is  found  where  it  makes 
connection  with  the  vector  representing  the  voltagp  at 
the  receiving  end.  This  is  then  the  correct  position  for 
the  impedance  triangle,  and  the  receiving  end  voltage 
may  be  scaled  off. 

GRAPHirAL  SOLUTION   BY  THE   MERSHON   CHART 

The  above  graphical  solution  is  that  employed  in 
the  well  known  chart  which  Mr.  Ralph  D.  Mershon 
early  presented  to  the  electrical  profession,  and  which 
is  reproduced  as  Chart  III.  The  Mershon  Chart  is 
simply  a  diagram  on  cross-section  paper  with  vertical 
and  horizontal  subdivisions  each  representing  one  per- 
cent of  receiving  end  voltage.  On  this  chart  a  number 
of  concentric  arcs  are  drawn,  representing  voltage  drops 
up  to  40  percent.  After  the  reactance  and  the  resist- 
ance volts  have  been  calculated  and  expressed  in  per- 
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CHART    lll-MERSHON    CHART 


DIRECTIONS    FOR    USING    CHART 

BY   MEANS  OF  THE  TA3LES  CALCULATE    THE   RESISTANCE  VOLTS  AND   THE   REACTANCE 
.VOLTS    IN   THE   LINE    AND   FIND  WHAT   PER   CENT    EACH    IS   OF  THE    E  M  F    DELIVERED 
..AT  THE    END  OF  THE  LINE     STARTING  FROM   THE    POINT  ON  THE  CHART  VMHERE 
VERTICAL  LINE  CORRESPONDING  WITH    POWER  FACTOR  OF     THE     LOAD 
MTERSECTS  THE  SMALLEST   CIRCLE     LAV  OFF   IN    PER   CENT  THE  RESIS 
DTO  THE   RIGHT     FROM    THE   POINT 
/VARD   IN    PER   CENT  THE  REACTANCE 
HICH  THE   LAST   POINT  FALLS  GIVES 
■IT  OF  THE   E  M  F    DELIVERED  AT  THE 


T  HAVING  3  PER  CENT  RESISTANCE 
;ENT  Ri-ACTANCE  VOLTS  HAS  WITH 
100  PER  CENT  POWER  FACTOR  5 
T  VOLTAGE  OlOP  OR  WITH  A  LOAD 
PER  CENT  POWER  FACTOR  10  PER 
NT   VOLTAGE    DROP 


LOAD  POWER  FACTORS 


0  10  20  30 

DROP  IN  PER  CENT  OF  E.M.F.  DELIVERED 
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cent  of  £r  tl'e  impedance  triangle  is  traced  upon  the 
chart  and  the  voltage  drop  in  percentage  of  £,  is  read 
directly  as  indicated  by  the  directions.  All  values  on  the 
chart  are  expressed  in  percent  of  the  receiving  end  volt- 
age. 

Single-Phase  Problem — Taking  the  resistance  volt- 
age as  8.86  percent  and  the  reactance  voltages  20.61  per- 
cent of  the  receiving  end  voltage,  for  the  above  single- 
phase  problem,  (Fig.  17)  and  tracing  these  values  upon 
the  Mershon  Chart  for  a  receivmg  end  load  of  80  per- 
cent power-factor  lagging,  the  voltage  drop  is  de- 
termined as  19.9  percent.  The  calculated  value  being 
19.98  percent,  the  error  by  the  chart  is  seen  to  be 
negligible. 

WHEN    THE   SENDING  END   CONDITIONS  ARE   FIXED 

When  the  conditions  at  the  sending  end  are  fixed 
and  those  at  the  receiving  end  are  to  be  determined, 
the  solving  of  the  problem  by  the  Mershon  Chart  is 
more  complicated.  In  such  cases,  it  is  usual  to  estimate 
what  the  probable  receiving  end  condition  will  be. 
From  these  estimated  receiving  end  conditions,  deter- 
mine by  the  chart  the  corresponding  sending  end  condi- 
tions. If  the  conditions  as  determined  by  this  assump- 
tion are  materially  ditiferent  from  the  known  conditions, 
another  assumption  should  be  made.  The  correspond- 
ing sending  end  conditions  should  then  be  checked  with 
the  known  conditions.  Several  such  trials  will  usually 
be  necessary  to  solve  such  problems. 

GRAPHICAL    SOLUTION    BY    THE    DWIGHT    CHART 

Mr.  H.  B.  Dwight  has  worked  up  a  straight  line 
chart,  shown  as  Chart  IV,  in  which  the  resistance  and 
the  reactance  of  the  circuit  have  been  taken  into  ac- 
count through  the  medium  of  spacing  lines  marked  for 
various  sizes  of  conductors.*  The  use  of  this  chart 
does  not,  therefore,  require  the  calculation  of  the  re- 
sistance and  reactance  or  the  use  of  tables  of  such  con- 
stants. The  Dwight  Chart  is  also  constructed  so  as  to 
be  applicable  to  loads  of  leading  as  well  as  to  loads  of 
lagging  power-factors,  whereas  the  Mershon  chart,  as 
generally  constructed,  is  applicable  to  loads  of  lagging 
power-factor  only.  However  the  Mershon  Chart  can 
be  made  applicable  for  the  solving  of  problems  of  lead- 
ing as  well  as  lagging  power-factor  loads  by  extending 
it  through  the  lower  right-hand  quadrant.  The  appli- 
cation of  synchronous  condensers  frequently  gives  rise 
to  loads  of  leading  power-factor.  The  Dwight  Chart 
is  well  adapted  to  the  solution  of  such  circuits.  Still 
another  feature  of  this  chart  is  that  formulas  are  given 
which  take  capacitance  eflfect  into  account  with  suffi- 
cient accuracy  for  circuits  with  a  length  up  to  approxi- 
mately 100  miles. 

Single-Phase  Problem — Find  the  voltage  at  the 
sending  end  of  a  single-phase  circuit  16  miles  long,  con- 
sisting of  two  stranded,  hard-drawn,  No.  oooo  copper 
conductors,    spaced    three    feet    apart.      Temperature 

*Thc  basis  of  the  construction  of  this  chart  is  described  in 
the  Journal  for  July,  1915,  p.  306. 


taken  as  25  degrees  C.  Load  condition  at  receiving  end 
assumed  as  4000  kv-a  (3200  kw  at  80  percent  power- 
factor  lagging)  20000  volts  single-phase,  60  cycles. 

From  Table  II  the  resistance  of  No.  0000  stranded, 
hard-drawn,  copper  conductors  at  25  degrees  C.  is 
found  to  be  0.277  ohm  per  wire  per  mile.  Lay  a 
straight  edge  across  the  Dwight  Chart  from  the  resist- 
ance value  per  mile  0.277  (^s  read  on  the  lower  half 
of  the  vertical  line  to  the  extreme  right)  to  the  spacing 
of  three  feet  for  copper  conductors  and  60  cycles  at  the 
extreme  left.  Along  this  straight  edge  read  factor 
V  =  0.62,  corresponding  to  a  lagging  power-factor  of 
80  percent.  This  factor  V  is  equivalent  to  the  change 
in  receiving  end  voltage  per  total  ampere  per  mile  of 
circuit,  due  to  the  line  impedance. 

It  will  be  noted  that  opposite  the  resistance  values 
(extreme  right  vertical  line)  is  placed  the  correspond- 
ing sizes  of  copper  and  aluminum  conductors  on  the 
basis  of  a  temperature  of  20  degrees  C.  If  the  tempera- 
ture is  assumed  to  be  20  degrees  C.  it  will  not  be  neces- 
sary to  consult  a  table  of  resistance  values.  In  such  a 
case,  the  straight  edge  would  simply  be  placed  over  the 
division  of  the  vertical  resistance  line  corresponding  to 
the  size  and  material  of  conductors.  Marking  a  resist- 
ance value  on  this  vertical  line  makes  the  chart  adapt- 
able to  resistance  values  corresponding  to  conductors 
at  any  temperature.  •  Had  the  power  factor  been  lead- 
ing, in  place  of  lagging,  the  corresponding  resistance 
point  would  have  been  located  on  the  upper  half  of  the 
vertical  resistance  line. 

Continuing  following  the  directions  on  the  chart  for 
short  lines,  we  obtain  the  following.  Since  the  circuit 
is  single-phase,  use  2  V  =  1.24 

1/1,  J      *   •      i.  ,     j:  c  100000  X  4000  X   16  X   1.24 

Voltage  drop  in  percent  of  E,  =    1 

"  '^       '^  '  20000' 

=  19.84  percent 

The  voltage  drop,  as  calculated  mathematically,  is 
19.98  percent  representing  an  error  of  0.14  percent  by 
the  chart. 

Three-Phase  Problem  {No.  33) — Find  the  voltage 
at  the  sending  end  of  a  three-phase  circuit,  20  miles 
long,  consisting  of  three  No.  0000  stranded,  hard-drawn, 
copper  conductors,  spaced  three  feet  apart  in  a  delta 
arrangement.  Temperature  taken  as  25  degrees  C. 
Load  conditions  at  receiving  end  assumed  as  1300  kv-a 
(  1040  kw  at  80  percent  power- factor  lagging)  loono 
viilts,  three-phase,  60  cycles. 

From  Table  II,  the  resistance  per  wire  per  mile  is 

again  found  to  be  0.277  ohm  and  since  the  spacing  and 

frequency  are  both  the  same  as  in  the  case  of  the  above 

single-phase  problem,  we  again  obtain  V  =  0.62.     The 

voltage  drop  in  percent  of  E^  is  therefore 

100 000  X  1300  X  20  X  062 

^^^,  =  16.12  percent 

The  voltage  drop  as  calculated  mathematically  is 
16.16  percent,  representing  an  error  of  0.04  percent. 

CAPACITANCE 

In  long  circuits  the  effect  of  capitance  is  to  de- 
crease the  voltage  drop,  or  increase  the  voltage  rise,  as 


February,  1920 


THE  ELECTRIC  JOURNAL 


n 


CHARTi.  IV 
DWIGHT     CHART 

FOR  DETERMINING  THE  VOLTAGE  REGULATION   OF  TRANSMISSION  CIRCUITS  CONTAINING  CAPACITANCE 


CORRECT  WITHIN  APPROXIMATELY  ONE  HALF  OF  ONE  PER  CENT 

OF.LINE  VOLTAGE  FOR  LINES  UP  TO  100   MILES   LONG   AND   FOR  *A't''^^ 


J,^0> 


LOADS   GIVING   NOT  MORE  THAN  IB  PER  CENT 
RESISTANCE  OR  REACTANCE  VOLTS 


j^NO   3  ALUMINUM 
7  I7.*--N0   6  COPPER 


NO.  2  ALUMINUM 
NO   4  COPPER 


■  ^NO    3  COPPER 


NO    0  ALUMINUM 
NO    2  COPPER 


tr 
o 

-led 


< 

q: 

u 
zz 

^1 

w_i 
u 


NO,  00  ALUMINUM 
NO.  I  COPPER 

NO.  000  ALUMINUM 
NO.  0  COPPER 
NO.  0000  ALUMINUM 
NO.  00  COPPER 
— 250  000  CM  ALUMINUM 
—  NO.  000  COPPER 
—300  000  CM  ALUMINUM 
NO.  0000  COPPER 
350.000  CM  ALUMINUM 
250.000  CM  COPPER 


O 
250.000  CM  COPPER 
350,000  CM  ALUMINUM 
^-NO.  0000  COPPER 
^300.000  CM  ALUMINUM 
—  NO.  000  COPPER 

250.000  CM  ALUMINUM 
i^NO.  00  COPPER 
^^NO.  0000  ALUMINUM 
NO.  0  COPPER 
NO.  000  ALUMINUM 


o< 
DIRECTIONS 

LAY  A  STRAIGHT  EDGE  ACROSS 
THE  CHART  FROM  THE  SPACING  POINT 
TO  THE  RESISTANCE  POINT.  AND  READ  V 

SHORT    L.I  N 


VOLTAGE  DROP  IN  PER  CENT  OF  E 

100.000    KVA  X  LV 


DROP  IN  VOLTS  = 


1000  KVA  X  LV 


WHERE 


KVA  —  KVA  OF  LOAD  AT  RECEIVER  END 

L  =  LENGTH  OF  LINE  IN  MILES 

E  =  LINE  VOLTAGE  AT  LOAD  OR  RECEIVER  END 

V  -  FACTOR    READ    FROM    CHART.      V    REPRESENTS    A    DROP    IN 
VOLTAGE   WHEN   IT  IS  READ  ON  THE  SAME  SIDE  OF  THE  ZERO 
LINE  AS  THE  RESISTANCE  POINT.   AND  A  RISE  IN  VOLTAGE  WHEN 
IT  IS  ON  THE  OPPOSITE  SIDE 

LINES  OVER  30  MIl-ES  LONG 
FOR  LONG   LINES.  THE   LINE   CAPACITANCE   DECREASES  THE   DROP.  OR   INCREASES 
THE  RISE.  AS  FOUND  ABOVE.  BY  /    ,     \2  /    I      \2 

100  K  [-^    PER  CENT.  OR  EK  U^     VOLTS  WHERE 

VOOO/  VOOO/  K-2.16   FOR  60  CYCLES 

K-0.375  FOR  25  CYCLES 
THE  EFFECTIVE  SPACING  OF  3  PHASE  LINES  IS   S  =  ^mr^       S  -  1.26  A  FOR  FLAT  SPACING. 


/ABC 

THE  ABOVE  EQUATIONS  ARE  FOR  2  AND  3  PHASE  LINES. 
FOR  SINGLE  PHASE  USE  2  V'lN  PLACE  OF  V  COPYRIGHT  1916  BY  H.  B.  DWIGHT 
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1  COPPER 

q: 

NO 
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li.  o 

NO. 
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18 

NO 
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3  COPPER 
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,N0 
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will  be  explained  later.  The  Dwight  and  Mershon 
charts  do  not  recognize  the  effect  which  capacitance  has 
upon  the  voltage  drop.  In  the  lower  left  hand  corner 
of  the  Dwight  Chart,  however,  there  is  placed  a  formula 
by  which  a  correction  may  be  applied  to  the  voltage 
drop  as  given  by  the  chart.  This  correction  accounts 
for  the  effect  of  the  charging  current  (resulting  from 
capacitance)  quite  accurately,  provided  the  circuit  is 
not  too  long  or  the  frequency  too  high.  The  application 
of  this  corrective  factor  will  be  evident  from  the  follow- 
ing problem. 

TABLE  K-COSINES,  SINES  AND  TANGENTS 


ANGLE 

cos  B 

(!'  Kl 

Sl.N  B 

TAX  B 

0°  oo' 

1. 000 

0.0000 

0.0000 

8°  o6' 

0.990 

0.1409 

0.1423 

11°   28' 

0.980 

0.1988 

0.2028 

14°   04' 

0.970 

0.2430 

0.2506 

16   IS' 

0.960 

0.2798 

0.2915 

18°  11' 

0.950 

0.3120 

0.3285 

19°  56' 

0.940 

0.3410 

0.3627 

21°  33' 

0.930 

0.3673 

0.3949 

23   04' 

0.020 

0.3918 

0.4258 

24°  29' 

o.gio 

0.4144 

0.4554 

2.5   50' 

0  900 

0.4357 

0.4841 

27°  07' 

o.Soo 

0.4558 

0.5121 

28°  21' 

0.880 

0.4748 

0.5396 

29°  32' 

0.870 

0.4929 

0.5665 

30  41' 

0.860 

0.5103 

0.5934 

31   47' 

0.850 

0.5267 

0.6196 

32   51' 

0.840 

0.5424 

0.6457 

33°  54' 

0.S30 

0.5577 

0.6720 

34°  54' 

0.820 

0.5721 

0.6976 

3.=;^  54' 

0.8 10 

0.5864 

0.7239 

36   52' 

0.800 

0.6000 

0.74'XJ 

37°  48' 
38°  44' 

0.790 
0.780 

0.6129 
0.6257 

0.7757 
0.8021 

39°  38' 

0.770 

0.6379 

0.S2S3 

40   32' 

0.760 

0.6499 

0.8551 

41°  24' 

0.7,50 

0.6613 

0.8816 

42°  16' 

0.740 

0.6726 

0.Q089 

43°  06' 

0.730 

0.6833 

0.9358 

43°  56' 

0.720 

0.6938 

0.9634 

44   45' 

0.710 

0.7040 

0.9913 

45°  34' 

0.700 

0.7I4I 

1.0199 

46°  22' 

0.690 

0.7238 

1.0489 

47°  09' 

0.680 

0.7331 

1.0780 

47°  .55' 

0.670 

0.7422 

1. 1074 

48°  42' 

0.660 

0.7513 

I  1383 

40°  27' 

0.650 

0.759S 

1. 1688 

.50°  12' 

0.640 

0.7683 

1.2002 

.50°  .57' 

0.630 

0.7766 

1.2327 

51°  41' 

0.620 

0.7846 

1-2655 

52   24' 

0.610 

0.7923 

1.2985 

.53°  07' 

0.600 

0.8000 

13327 

.53°  .50' 

0.590 

0.8073 

1.3680 

54°  32' 

0.580 

0.8 145 

14037 

55°  14' 

0.570 

0.8215 

1.4406 

55°  56' 

0.560 

0.8284 

1.4788  ■ 

56°  37' 

0550 

0.8350 

1-5175 

.57°  18' 

0.540 

0-8415 

1-5577 

.57°  .59' 

0.530 

0.8479 

1.5993 

,58°   |0' 

0.520 

0.8542 

1.6426 

50°  20' 

0.510 

0.8601 

1.6864 

60°  00' 

0.500 

0.8660 

1.7320 

60°  30' 

0.490 

0.8716 

1-7783 

6l°  18' 

0.480 

0.8771 

1.8265 

61°  57' 

0.470 

0.8825 

1.876S 

Thrcc-Phase  Problem  (No.  ^5)— Find  the  volt- 
age al  the  sending  end  of  a  three-pha.se  circuit,  too 
miles  long,  consisting  of  three  No.  0000,  stranded,  hard- 
drawn  coi)per  conductors,  spaced  nine  feet  apart  in  a 
delta  arrangement.  Temperature  assumed  as  25  de- 
grees C.  Load  conditions  at  receiving  end  assumed  as 
22000  kv-a,  80  percent  power- factor  lagging,  88000 
volts,  60  cycles. 


From  Table  II  the  resistance  is  found  to  be  0.277 
ohm  per  mile.  From  Dwight  Chart  read  V  =  0.^0. 
Then,  the  voltage  drop  in  percent  of  E^,  if  the  line  were 
short,  would  be, 

100  000  X  22000  X  100  X  0.70 

88^= =  '9-^  t"''"" 

From  directions  on  the  Dwight  chart  for  circuits 
over  30  miles  long,  the  charging  current  of  this  circuit 
is  found  to  be  such  as  to  decrease  the  voltage  drop  un- 
der load  conditions  or  to  increase  the  voltage  aUzero 

load    by    the    amount    of    100  X  2.161  —^-  I  =  2.16 

\  1000  ) 
percent.  Hence  the  voltage  at  the  sending  end,  under 
load  conditions,  will  be  i<).8<)  —  2.16  ^=  17.73  percent. 
The  actual  result  as  calculated  rigorously  is  17.94  P^'" 
cent.  Thus  the  error  by  the  Dwight  graphical  solution 
is  approximately  0.21  percent. 

If  the  power-factor  of  the  load  is  assumed  as  100 
percent  (problem  46)  in  place  of  80  percent  lagging,  we 
get  V  =  0.33  and  find  the  error  for  the  Dwight  graphi- 
cal solution  of  this  100  mile,  60  cycle  circuit  to  be  ap- 
proximately 0.7^  percent.  It  should  be  noted,  however, 
that  the  reactance  volts  are  in  this  case  22  percent  of 
the  receiving  end  voltage. 

SENDING  KND  CONDITIONS  FIXED 

When  the  sending  end  conditions  are  fixed,  a  dif- 
ferent form  of  solution  must  be  employed  to  determine 
the  size  of  conductors  corresponding  to  a  given  voltage 
drop.  In  such  cases,  the  Dwight  Chart  is  particularly 
.qiplicable.  To  use  the  chart  for  the  solution  of  such 
problems  proceed  as  follows.  First  V  is  calculated  by 
means  of  the  formulas  on  the  chart,  and  then  a  straight 
edge  is  placed  through  V  (on  the  line  corresponding  to 
the  power-factor  of  the  load)  and  the  point  for  the 
spacing  and  frequency  to  be  used,  and  the  required  size 
of  conductor  can  be  seen  at  a  glance  on  the  resistance 
scale  at  the  right.  To  make  this  application  of  the 
chart  clear,  the  following  is  giv-:;n, — 

,,  ,          ,        .                    ,  ^        100 000  Kv-a  X  /-  V 
Voltai/,-  ihot  III  tcrt-riil  of  P.,  = jtz {zS) 


Hence 


F.r~ 


Vnltaqc  drop  in  percent  of  Er  X  Et' 
100  000  Kv-a  X  L 


(^'9) 

Api)lying  (29)  to  the  above  problem  No.  33  we  get 
16.12  X  10000" 


r  -- 


=  0.62 


100  000   X    1300  X   20 

Following  the  above  directions,  the  resistance  per 
mile  is  found  to  be  0.277  "'""^  3"^  the  corresponding 
size  of  ccjnductor  No.  oo<X)  copper. 

MATlll-::kIATICAL  SOI.U'IION 

In  (iriler  In  check  any  one,  or  all  of  the  above  de- 
scribed graphical  methods,  a  complete  mathematical 
solution  may  be  made  by  applying  the  various  trigono- 
metrical formulas.  Fig.  18,  to  the  values  of  the  problem 
under  consideration.  These  formulas  have  been  ar- 
ranged to  meet  the  conditions  of  loads  of  either  lagging 
or  leading  power-factors,  and  for  conditions  fixed  at 
either  the  receiving  or  the  sending  ends. 

There  are  numerous  problems  requiring  a  solution 
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where  the  voltage  at  the  sending  end,  and  the  kilowatts 
and  the  power-factor  of  the  load  at  the  receiving  end 
are  fixed.  In  such  cases  it  is  required  to  determine  the 
corresponding  receiving  end  voltage.  This  determina- 
tion can  be  made  mathematically,  but  such  a  solution  is 
tedious,  since  the  formulas  applying  to  such  cases  are 
cumbersome.  Formulas  are  given  at  the  bottom  of  Fig. 
18  which  may  be  applied  to  such  problems.  Time  and 
labor  may,  however,  be  saved  in  solving  such  problems 
by  the  employment  of  a  cut-and-try  method  usually  used 
in  such  cases,  as  follows : — 

Assume  what  the  voltage  drop  will  be,  correspond- 
ing to  the  size  of  conductors  liltely  to  be  used.  On  the 
basis  of  this  assumption  the  receiving  end  voltage  is 
fixed ;  thus,  all  of  the  receiving  end  conditions  are  as- 
sumed to  be  fixed.  The  corresponding  sending  end 
voltage  is  then  readily  determined  by  one  of  the  graphi- 
cal methods  described.  If  the  sending  end  voltage  thus 
determined  is  found  to  be  materially  different  from  the 
fixed  sending  end  voltage,  another  trial,  based  upon  a 
different  receiving  end  voltage,  will  probably  suffice. 

Single-Phase  Problem — Find  the  characteristics  of 
the  load  at  the  sending  end  of  a  single-phase  circuit, 
16  miles  long,  consisting  of  two  stranded,  hard  drawn, 
copper  conductors,  spaced  three  feet  apart ;  temperature 
taken  as  25  degrees  C. ;  load  conditions  at  receiving  end 
assumed  as  4000  kv-a  (3200  kw  at  80  percent  power- 
factor  lagging)  20000  volts,  60  cycles;  transmission 
loss  to  be  approximately  ten  percent. 

Following  the  procedure  given  in  Chart  II.  consult 
Quick  Estimating  Table  XVII  for  a  delivered  voltage 
of  20000.  Since  the  conditions  of  the  above  problem 
are  a  power-factor  of  80  percent,  and  a  temperature  25 
degrees  C,  the  corresponding  kv-a  values  are  as  in- 
dicated at  the  head  of  the  table  on  the  basis  of  10.8  per- 
cent loss  in  transmission  for  a  three-phase  circuit.  For 
a  single-phase  circuit  the  corresponding  values  will  be 
one-half  the  table  values.  Thus  the  4000  kv-a  single 
phase  circuit  of  llie  ])r()bleni  is  equivalent  to  8000  kv-a, 
three-phase  on  tlie  table.  From  the  table,  it  is  seen  that 
for  a  distance  of  16  miles  7810  kv-a,  three-phase  can 
be  transmitted  over  No.  0000  conductors  with  a  loss  of 
10.8  percent.  7810  kv-a  is  near  enough  to  8000  kv-a,  and 
the  loss  of  10.8  percent  is  near  enough  to  an  assumed 
loss  of  ten  percent,  so  we  decide  that  No.  0000  copper 
conductors  come  nearest  to  the  proper  size  to  meet  the 
conditions   of   the   problem.     The   loss   with    No.   ooon 

8000 
conduclors  will  be  — _-    V  10.8  =  11.06  percent,  as  will 
7810 

be  shown  later. 

Table  XX 111  indicates  tlial  tliere  will  be  no  over 
lieating  of  this  size  of  conductor. 

Table  XXII  indicates  that  20000  voUs  is  too  low  lo 
result  in  corona  loss  with  No.  ocxx)  conductors,  at  any 
reasonable  altitude.     Then, — 
4000 


Kv-a,„ 
Kw„ 


3200 


:  2000  kv-a  to  neutral. 
1600  kiv  to  neutral. 


20  000 

Ern  =  =  10  000  volts  to  neutral. 

2 

2000000 

I,  z=  =  200  amperes  per  conductor. 

loooo  '^  ' 

The  resistance  per  conductor  is 
7?  =  16  X  0.277  (from  Table  II)  =  4.432  ohms. 
The  reactance  per  conductor  is 
X  =  16  X  0.644  (from  Table  V)  =  10.304  ohms. 
and  IR  =  200  X  4-4.32  =  866  volts,  resistance  drop 
SS6 

=  X  100  =  8.86  percent 

10000  ^  '^ 

IX  =  200  X  10.304  =  2061  volts,  reactance  drop 

2061  ,     , 

^ X  100  =:  20.61  percent 

10000 

£,„  =  I    (10000  X  08  -1-  866)'  -f  (10 000  X  0.6  -f  2061)' 

=  1 1  998  volts  to  neutral (5") 

/(10000X0.6) -I-2061  \  „       , 

«'='"«    1(10  000X0.8) -f  886    j  =  ^2    M     (iO 

Percent  PFn  =  {Cos.  42°  13')  X  lOO  =  74-o6  percent (j.') 

Kv-a.,.  =  "°°  ^  2390.6  kv-a  per  conductor {33) 

A'it's„  =  2399.6  X  0.7406  =  1777-1  kw  per  conductor (j/) 

II  998  —  10  000  ^^  „  ,^ 

Percent  voltage  drop  =  :^^^ X   100  =  19.98  percent 

i-m 

Transmission  loss  =  "'Tooo^ '^'^^"^  =  ^^7-28  *«•  per  conductor 
U7) 

T77  2S  "X*  2 

Percent  tmusmission  bus  =-^—7^    X   100  =  II.08  percent 

: (.48) 

Thrcc-Phasc  Problem  {Xo.  j^)— Find  the  char- 
acteristics of  the  load  at  the  sending  end  of  a  three- 
phase  circuit  20  miles  long,  consisting  of  three  stranded, 
hard-drawn,  copper  conductors,  spaced  in  a  three  foot 
delta.  Temperature  taken  as  25  degrees  C.  Load 
conditions  at  receiving  end  assumed  as  1300  kv-a.  (1040 
kw  at  80  percent  power-factor  lagging)  10  000  volts,  60 
cycles ;  transmission  loss  not  to  exceed  ten  percent. 

Following  the  procedure  given  in  Chart  II,  the  f"! 
lowing  results  are  obtained  : — 

Consult  Table  XV  for  a  delivered  voltage  of  loocx) 
volts.  Since  the  conditions  of  tlic  above  problems  are, 
power-factor  of  load  80  percent,  tenii)erature  25  degrees 
C.  the  corresponding  three-phase  kv-a  values  of  the 
table  are  on  the  basis  of  10.8  y)ercent  loss  in  transmis- 
sion. From  Table  X\'  it  is  seen  tliat  1240  kv-a,  three- 
])hase  can  be  transmitted  over  No.  ocx)  conductors,  or 
1560  kv-a.,  three-phase  over  No.  CK)00  conductors  at 
10.8  percent  loss.  Since  the  loss  for  the  problem  is 
not  to  exceed  ten  percent  and  1300  kv-a  is  to  be  trans- 
mitted, we  will  select  No.  0000  conductors.     The  loss 

.  .  1300 

itiv  these  conductors  will  tjicrctore  be     --^  of  10.8,  or 

1560 

nine  percent  as  will  be  sjiown  later. 

Table  Will  indicates  that  there  will  be  no  over- 
healing  of  ihiv  ^izc  of  conductor  when  carrying  1300 
k\-a.  three-phase. 

Table  XXII  indicates  that  10000  volts  is  too  low- 
to  result  in  corona  loss  with  No.  0000  conductors  at 
any  reasonable  altitude.     Then  : — 

Kv-<iy«  = —   —  433-33  fr^'-n  '"  neutral. 

1040 
Kwn  = — ~  ^=  346.6  kw  to  neutral. 
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10  000 

^'n  = =  5774  volts  to  neutral. 


I, 


=  75-05  amperes  per  conductor. 


and 


1-732 
433  333 
5774 

The  resistance  per  conductor  is, — 
/?  =  20  X  0.277  (from  Table  II)  =  5.54  ohms. 
The  reactance  per  conductor  is, — 
X  =  20  X  0.644  (f>-om  Tabic  V)  =  12.88  ohms. 

IR  =  75.05  X  5-.S4  —  4158  volls,  resistance  drop. 
41S-8   ^ 
=  ~~^p^  X  100  —  7.20  percent. 
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(75-05')  X  5-54 
1000 


31.20  kw  per  conductor 

(47) 

Percent  transmission  toss  =  — ^— X   100  =  9.00  percent 

MI.\1-:U   SlLNUINc;    and   RECIilVINC   KND   CONDITIONS    FIXICD 

Brancii  circuits  are  frecjuently  run  from  llie  main 
transmission  trunk  circuit  In  (he  cenlcr  of  some  local 
distribution.  In  such  cases  the  voltage  at  the  sending 
end  and  the  current  or  the  power  and  power-factor  at 


DJAGHAM 

FOR 

LAGGING  POWER-FACTOR 


LOADS   OF   LAGGING    POWER-FACTOR 


Es=  y  (Er  cos  9r+1R)^  -f  (Er  sin  Sr-HX)^ 


e<.=  TAN" 


RECEIVING -END  -~'""*"     (^R  00S6r)-HR) 

CONDITIONS       %PFg=  COS  80x100       (32) 
ARE  FIXED 

"SN  PER  CONDUCTOR       (33) 


KV-Ac 


-IxEs 


1000 
=  KV  A<;m  X  COS  Og  PER  CONDUCTOR       (34i 


WHEN 

SENDINC-END 

CONDITIONS 

ARE  FIXED 


Er=  Y(E5C0Ses-lR)^  +  (Eg  SIN  63 -IX)^       (351 
(EgSlN  9s)  -  IX) 


G„=  TAN"' 


(38) 


(EsCOSes)-lR) 

PFr=  cos  Or  X  100       (37) 

KVA„.,  =  "^^RN  PER  conductor       (38) 
""^    "Fooo 

KWpM=  KV  Aqk,  X  COS  60  PER  CONDUCTOR        (39) 


DIAGRAM 

FOR 

LEADING  OQWER-F ACTOR 


LOADS   OF   LEADING    POWER- FACTOR 


Es=  Y(Er  COS  9r-(-  1R)^  +  (Er  SIN  Or  -  ix)^         (401 

(ErSIN9r)-1X) 
eg=TAN-l     (ErCOS9r)-HR)      <*" 


WHEN  83= 

RECEIVING-END 
CONDITIONS        %PFs=COSes  XIOO       (32) 


KWof|=  KV  A;|.|X  COS  63  PER  CONDUCTOR       1341 


ER=1^(EsCOS9s-IRy'^-l-(EsSlN9s-«-lxf        1-J21 
(EsSIN9s)-MX) 


eR=  TAN"' 


(43) 


(EsC0SG3)-lR) 

PFr=  COS  Or  X  100       (371 

V  t„.,  =  '  "  ^RN  PER  CONDUCTOR       (38) 

"'*       1000 
KWr|.|=  KV  Ap^i  X  COS  Sr  PER  CONDUCTOR       (39) 


GENERAL   FORMULAS 


WHEN  THE  VOLTAGE  AT  SENDING  END  AND  THE  AMPERES  AND  POWER-FACTOR  AT  RECEIVINGEND  ARE  FIXED 


Er  =  - 1  (r  COS  Or  iX  SIN  9r)+  ^e^  -  1^  (r^  SIN^  B„  +  X^  COS^  9r)  ±  2  j'  R  X  COS  8r  SIN  Sr    (441 
■*  USE -f  WHEN  THE  POWER-FACTOR  OF  THE  LOAD  IS  LAGGING   AND  -  WHEN  THE  POWER-FACTOR  IS  LEADING 


WHEN  THE  VOLTAGE  AT  SENDING  END  AND  THE  POWER  AND  POWER-FACTOR  AT  RECEIVING  END  ARE  FIXED 
(POWER  FACTOR   LAGGING) 


(r2  +  x2)kWrn''»io6 


A*  COS^  Br 


y,     ioooKWRN(RcoseR4-xsiNeR)  ^^^^ 

J^ EsN^COS  Br 


i  VOLTAGE  DROP=- 


TRANSMISSION  LOSS= 
%  TRANSMISSION  LOSS  = 


1000 

TOTAL  I^R  (IN  KWl 
TOTAL  KWr 


PER  CONDUCTOR 
XIOO       (4 


FIG.    18— TRIGO.NOMETKICAL    FORMULAS     FOR     SHORT     TRANSMISSION    LINES 

Capacitance  effect  not  taken  into  account. 


IX 


75-05  X  12.88 
966.6 

„-.    X  100 
57/4 


=  966.6  volts,  reactance  drop. 
=  16.74  percent. 


£•"  =  1     (5774  X  0.8  -f- 
votts  to  neutral 
).(>  + 


0,  =T  /ail-' 


/5774Xa 
\5774  X  o. 


415-8)=  +  (5744  X  0.6  -1-966.6)  ==6707 

(30) 

966.6  \ 

J  -  41    22'    (SI) 


I'T,  =  (Cos  41°  22')  X 
,.  7505  X  6707 

1000 
Aw.„  =  503.4  X  0.7505  = 

Percent  voltage  drop  =■ 


8  +  41.5-8 


100  =  75.05  percent (S-s) 

=  503.4  kv-a  per  conductor (sj) 


the  receiving  end  are  approximately  fixed.  In  such 
cases  the  calculation  for  the  voltage  at  the  receiving  end 
requires  more  arithmetical  work  than  is  required  when 
all  the  conditions  at  one  end  of  the  circuit  are  fixed. 
Such  problems  can  be  more  readily  solved  graphically, 
as  previously  explained,  but  may  be  solved  mathe- 
matically by  applying  formula  (44)  or  (45),  Fig.  18. 
To  illustrate  the  application  of  formula    (44)   we 


-377-8  Aw  per  conductor (3^)      will  apjily  the  values  oi  Troblem  55  to  formula  (44)  and 

'      X  100  =  16.16  percent      calculate  the  receiving  end  voltage.     Thus  we  have  as 


5774 


(46)  ^*fixed  conditions : — 
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£,„  =  6707  volts 
I,  =  75.05  amperes 

Cos  e,  —  0.8 

Sin  e,  =  0.6 

R  =  S.54  ohms 
X  =  12.88  ohms 
!R  =  415.8  volts 
Then 

£r  =  —75  OS  (554  X  0.8  +  i2.i 


E'  =  o.s  £,^  -  Z.  +  «.5  I    Es'  -  /  E,-  L  -  4  M- 
E   =  5774  volts 


X  0.6)  + 


44983849  —  660242  +  385831 
=  —  913  +  6637  =  5774  volls. 
To  illustrate  the  application  of   formula    (45)    we 
will  apply  the  values  of  Problem  jj  to  formula   (45) 

TABLE    L 
ILLUSTRATING  VARIATION    IN    REACTANCE 

Resulting  from  Changes  in  the  Conductors  and  Transmission  Voltages 


and  calculate  the  receiving  end  voltage. 

as  fixed  conditions: — 
£„  =  6707  volts 
Kzi',„  =  346.6  kw 
R  =:  5.54  ohms 
X  —  12.88  ohms 
Cos  e,  =  0.8 
.S'i».  fl,  =  0.6 


Thus  we  have 


then 


I  loooX  346.6  (5.54  X  0.8  +  12.88  X  0-6) 

6707  \  0.5  -  6707=  X  0.8 

=  A  Ji+  '    7-^^-^^'+  '^'^'^  346.6°  X  10^ 


A'  X  0.8= 


US') 


:  6707  1     '0.5  —  O.II72  =  4152 


£,„  =  41521/  I  +  0.936  =  5774  volts 
Alternative    to     {44)    and    {45) — The     following 
formulas  have  been  proposed  by  Mr.  H.  B.  Dvvight  to 
meet  the  mixed  conditions  referred  to, — 

£»n  =  6707  volts 

1000  X  Kw,^  =  346600  li'atts 

0.6 
1000  X  reactive  Kv-a,^  =  346600    X  770'^=  260  000  v-a 

R  =  5.54  ohms 

X  =  12.88  ohms 

L  =  346600  X  5.54  +  260000  X  12.88  =  5270000 

M  =  346600  X  12.88  —  260000  X  5-54  =  3025000 


A 


E  =^  E.--ir- 


e:  ~  e7 


M'- 

^  Ei 

ni* 

Ej 


2L' 


Es'         EJ 


CONDUCTORS 

Total 
P  R 
loss 

(KW) 

IR 

IX 

Appro.ximate 

Voltage 
Regulation  at 

Volts 

Per 
Cent. 

Volts 

Per 
Cent. 

100 

Per 

Cent. 

Power 

Factor 

SO  Per 

Cent 

Power 

Factor 

(Lag.) 

RECEIVING   END   VOLTAGE  —  0600 

Single    Circuit    of 
three  500,000  circ,  mil 
bare  overhead  con- 
ductors 

129 

123 

3.22 

622 

16  32 

4.5 

128 

Two  circuits  each 
of  three  250.000  circ. 
mil    bare    overhead 
conductors. 

129 

123 

3.22 

333 

8.73 

3.9, 

7.7 

One      Circuit      of 
500,000     circ.      mil 
three-conductor 
cable.        Insulation 
thickness    JJ    by    J3 
inches 

129 

1.23 

3.22 

172 

4.52 

3.2 

5.0 

RECEIVING  END  VOLTAGE  —  13  200 

Single     circuit    of 
three     125,000     circ. 
mil    bare    overhead 
conductors. 

129 

247 

3.22 

354 

4.M 

3.2 

5.1 

Es'        .y 

E   ==  5779  volls 

CIRCUITS    OF    EXCESSIVE    REACTANCE 

If  a  large  amount  of  power  is  to  be  transmitted  at 
comparatively  low  voltage,  particularly  if  the  frequency 
is  high,  the  reactance  of  the  circuit  will  be  high  com- 
pared with  its  resistance.  If  the  reactance  is  excessive 
(,20  to  30  percent  reactance  volts  may  in  some  cases  be 
considered  excessive),  the  voltage  regulation  of  the  cir- 
cuit may  be  seriously  impaired. 

As  will  be  seen  by  consulting  Tables  VI  and  VII, 
there  is  a  fixed  relation  between  the  resistance  and  the 
reactance  of  a  circuit  for  a  given  frequency,  size  and 
spacing  of  conductors.  This  ratio  is  2.4  times  greater 
for  60  cycle  than  it  is  for  25  cycle  circuits.  For  a  given 
size  of  conductor  the  reactance  can  be  varied  only 
slightly  by  changing  liie  spacing  of  overhead  bare  con- 
ductors. .Substituting  a  larger  or  smaller  conductor 
may  change  the  resistance  materially,  but  this  will  have 
little  effect  upon  the  reactance. 

The  reactance  may  be  reduced  by  either  or  all  of 
the  following  methods.  The  circuit  may  be  split  up 
into  two  or  more  circuits  employing  smaller  conduc- 
tors and  these  circuits  connected  in  parallel.  The  volt- 
age may  be  raised,  if  the  installation  is  new,  and  smaller 
conductors  employed;  or  the  overhead  conductors  may 
be  replaced  by  three  conductor  cables.  To  illustrate 
the  above  methods,  the  following  problem  has  been  as- 
sumed and  the  results  tabulated. 

A  HIGH  REACTANCIC  PROBLEM 

Table  T  refers  to  the  following  problem — 4000 
kv-a,  three-phase,  60  cycles,  is  to  be  delivered  a  dis- 
tance of  three  miles  over  hard-drawn,  stranded  copper 
conductors.  The  PR  loss  is  to  remain  at  129  kw.  The 
spacing  of  the  overhead  conductors  assumed  as  3  by  3 
by  3  ft.     Temperature  25  degrees  C. 

It  is  evident  from  Table  L  that  if  two  three-phase 
circuits,  each  consisting  of  three  250000  circ.  mil.  con- 
ductors are  installed  in  place  of  one  three-phase  circuit, 
consisting  of  three  500000  circ.  mil.  conductors,  the  re- 
actance will  be  reduced  by  nearly  one  half,  and  a  cor- 
responding improvement  in  the  voltage  drop  or  regula- 
tion will  occur,  particularly  if  the  load  power- factor  is 
80  percent  lagging.  A  further  improvement  along  this 
line  will  be  obtained  if  a  single  three-conductor  cable  is 
employed.  Doubling  the  voltage  for  the  overhead  cir- 
cuit and  employing  three  125  000  circ.  mil.  conductors 
results  in  practically  as  good  performance  in  voltage 
regulation  as  for  the  6600  volt  three-conductor  cable. 

♦See  article  by  Mr.  H.  B.  Dwight  on  "Effect  of  a  Tie  Line 
between  Two  Substations"  in  the  Electrical  Review,  Dec.  2t, 
1918,  p.  966.  The  formulas  given  in  this  article  make  complete 
allowance  for  the  effect  of  capacitance  and  are  very  similar  K 
the  above. 


I '.   G.  MacDonald 

IF  A  CURRENT  is  passed  through  a  conductor 
which  is  looped  back  upon  itself,  the  two  sides  of 
the  loop  will  be  mutually  repelled.  If  the  portion 
(.f  the  conductor  included  in  the  loop  is  free  to  move, 
the  loop  will  tend  to  assume  a  circular  form.  The 
heavier  the  current  the  greater  will  be  the  force  exerted 
liy  the  conductor  in  its  effort  to  enclose  within  its  loop 
ihe  greatest  possible  number  of  magnetic  lines  of  force. 
This   phenomenon   unfortunately   is   not  confined   to  a 
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plain  conductor  under  laboratory  test  but  is  manifested 
in  electrical  structures  and  under  conditions  where  its 
effects  may  be  quite  disconcerting  and  even  destructive. 
JMjr  example,  to  open  a  heavy  disconnecting  switch  re- 
quires all  the  force  of  a  strong  man,  yet  it  mysteriously 
opens  of  its  own  volition  at  the  lime  of  a  short-circuit 
on  the  line  in  which  it  is  connected.  Or  a  bus-bar  is 
distorted  and  its  heavy  supports  wrenched  loose  or 
l)r()ken  by  the  same  short-circuit.  Or  a  circuit  breaker 
may  have  its  contacts  badly  burned  or  its  oil  tanks 
l,li)wn  off,  without  its  mechanism  having  opened. 
These  are  examples  of  demonstrations  of  the  enormous 
forces  which  develop  under  the  influence  of  the  mag- 
netic field  produced  by  the  passage  through  a  conductor 
of  currents  of  from  60000  to  100  000  amperes. 

Currents  of  such  magnitude  are  not  unknown,  dur- 
ing a  short-circuit,  in  many  of  the  large  power  systems, 
particularly  where  no  permanent  external  impedance  is 
placed  in  either  generator,  bus  or  feeder  circuits.  The 
practice  of  connecting  reactance  in  shunt  to  a  circuit 
breaker  so  that  upon  the  occurrence  of  a  short-circuit 
the  circuit  breaker  opens  and  inserts  the  impedance  in 
circuit,  does  not  relieve  the  apparatus  of  the  stresses,  as 
ihe  magnetic  forces  appear  coincident  with  the  first 
peak  of  short-circuit  current;  this  occurs  before  any 
circuit  breaker  for  this  class  of  service  can  function. 
These  phenomena  are  now  recognized  and  the  effect  of 


being  forced  open,  in  the  bus-bar  by  the  use  of  rigid, 
properly  braced  supports  and  in  the  circuit  breaker  by 
arranging  the  current  conducting  details  so  as  to  with- 
stand the  forces  applied. 

A  common  construction  of  current  conducting  de- 
tails used  in  oil  circuit  breakers  is  indicated  in  Fig.  i, 
where  A  and  B  represent  the  leading-in  conductors, 
usually  of  copper  rod;  C  is  the  moving  element  in  the 
form  of  a  brush,  which  bridges  the  stationary  contacts 


D  and^P'  on  the  lower  end  of  rods  A,  B;  E  \s  the  lift- 
ing rod  which  carries  the  moving  element  C  and  is 
carried  on  the  lever  mechanism  which  operates  the  cir- 
cuit breaker. 


FIG.   2 — OIL  CIRCUIT  BREAKER   HAVING  BRUSHES  REVERSED 

To  neutralize  the  effects  of  the  magnetic  forces  which  occur 
on  ihe  passage  of  a  hea\'y  current. 


FIG.    1— OIL      CIRCUIT      BREAKER      WITH 
ORDINARY    FORM    OF    BRUSH    CONTACT 

Showing  the  direction  of  the  magnetic 
stresses  on  the  conductors.  Arcing  con- 
tacts omitted  for  simplicity. 


their  action  provided  for;  in  the  disconnecting  switch 
by  the  addition  of  a  latch  which  prevents  the  blade  from 


FIG.   3 — DETAILED  VIEW  OF  THE  CON 

TACTS    OF    THE   CIRCUIT    BREAKERS 

SHOWN    IN    FIG.    2 
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The  leading-in  conductors  A,  B,  and  the  brush  C 
form  a  loop  upon  which  the  magnetic  forces  will  act — 
all  in  an  outward  direction  as  indicated  by  the  arrows. 
If  the  rods  are  long  below  the  supporting  frame  F,  as 
is  often  the  case,  the  force  will  tend  to  push  the  rods 
outward,  breaking  the  insulators  G,  G^  and  sliding  the 
stationary  contacts  away  from  the  brush  faces.  At  the 
same  time  the  brush  itself  will  be  distorted,  the  forces 
tending  to  straighten  out  the  bend — a  downward  motion 
of  the  brush  as  a  whole  being  prevented  by  the  lifting 
rod  which  supports  the  brush  at  its  middle  point.  If 
the  supporting  details  of  the  leading-in  conductors  are 
stronger  than  the  rods  A  and  B,  the  rods  may  be  bent. 

A  form  of  contact  is  shown  in  Fig.  2  in  which  the 
forces  during  heavy  current  flow  tend  to  increase  the 
pressure  between  contact  elements.  The  relation  of 
the  several  parts  is  reversed  as  compared  with  the  ar- 
rangement in  Fig.  I,  so  that  the  magnetic  force  presses 
the  brush  more  heavily  against  the  corresponding  faces 
on  the  moving  element.  The  loop  between  the  leading- 
in  conductors  or  rods  and  the  bridging  member  still  re- 
mains,  but  by   supporting   the    rods   where    they   pass 


through  the  frame  and  by  making  the  length  of  rod  on 
either  side  of  the  point  of  support  nearly  equal,  the 
tendency  to  move  out  at  the  lower  ends  is  neutralized, 
and  the  leading-in  rods  are  made  sufficiently  strong  to 
withstand  the  bending  forces  imposed.  The  arcing  con- 
tacts are  also  placed  in  such  a  position  that,  when  cur- 
rent is  shunted  through  tlie  auxiliary  circuit,  the  mag- 
netic action  will  not  tend  to  separate  these  arcing  con- 
tacts and  cause  arcing  on  the  main  contacts. 

One  of  the  limiting  features  in  determining  the  rat- 
ing of  a  circuit  breaker  is  the  ability  to  withstand  exces- 
sive current  rushes  at  the  instant  of  short-circuit.  The 
effects  of  the  short-circuit  current  may  be  mechanical 
distortion  of  the  circuit  breaker  structure  or  a  fusing 
of  the  current  conducting  parts  due  to  insufficient 
thermal  capacity.  The  contact  surfaces  form  a  danger 
point  due  to  the  possibility  of  high  contact  resistance. 
The  advantages  of  the  modifications  in  construction  just 
described  are  quite  obvious,  as  the  increase  of  contact 
pressure  correspondingly  reduces  the  contact  resistance 
and  increases  the  thermal  capacity  at  the  formerly  weak 
point. 
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H.  W.  Young,  President 
Delta-Star  Electric  Company 


IT  HAS  BEEN  ESTIMATED  that  in  the  cities 
there  are  one  million  families,  worth  more  than 
$5000  each.  In  the  country  there  are  six  million 
families,  each  worth  more  than  $6000,  representing  a 
buying  market  exceeding  thirty-six  billion  dollars.  The 
people  living  in  the  country  are  the  majority  consumers 
of  the  necessities  of  life  and  their  increasing  wealth  has 
made  it  possible  for  them  to  satisfy  their  desires  for  the 
luxuries  of  life.  For  example,  it  is  estimated  that  ap- 
proximately seventy  percent  of  all  automobiles  are  pur- 
chased by  them. 

The  possibilities  of  this  great  field  for  the  sale  of 
current  and  appliances  have  not  been  generally  recog- 
nized by  central  station  executives,  who  have  in  many 
cases  absolutely  discouraged  the  so  called  farm  service. 
The  chief  reason  for  this  attitude  is  that  central  station 
managers  have  often  labored  under  the  impression  that 
this  class  of  service  must  be  given  under  the  condi- 
tions usually  found  in  the  cities  and  small  towns.  They 
attempted  to  finance  the  entire  proposition  and  assumed 
all  risks  when  setting  the  rates  for  service.  Experi- 
ence has  demonstrated  that  the  rates  were  often  set  too 
low  and  the  investment  was  too  high,  with  a  consequent 
dissatisfaction  with  this  class  of  service.  The  writer 
has  made  a  rather  extended  investigation  of  this  subject 
and  has  come  to  the  conclusion  that  the  average  utility 
manager  has  overlooked  the  following  facts: — First, 
that  the  farmer  has  a  great  deal  of  money  to  spend ; 
and    second,    that    he    wants    central    station    ser\'ice. 


Fui  thermore,  the  farmer  does  not  regard  electric  ser- 
vice as  a  luxury,  but  as  a  necessity.  His  wife  wants 
electric  light,  an  electric  washer,  aii  electric  fan,  an 
electrically-pumped  water  supply. 

The  farmer  wants  electric  motors  for  operating  the 
cream  separator,  for  grinding  feed,  for  cutting  and  ele- 
vating silage,  cutting  wood  and  operating  other  similar 
general  devices.  The  farm  help  want  better  working 
conditions,  want  electric  lights  which  will  permit  do- 
ing chores  early  in  the  morning  and  in  the  evening, 
without  the  necessity  of  lugging  around  smelly,  ineffi- 
cient and  dangerous  lanterns.  In  fact,  everybody  on 
the  farm  wants  town  conveniences,  knowing  that  they 
will  help  keep  everyone  contented,  will  help  keep  the 
boys  and  girls  on  the  farm  and  make  all  work  easier. 
Central  station  electric  service  will  make  many  of  these 
desires  possible  and  will  also  largely  eliminate  the  fire 
risk.  They  all  fear  fire,  and  electric  light  is  not  only 
clean,  but  inherently  safe. 

Another  point  which  central  station  managers 
usually  overlook  is  the  farm  labor  situation.  It  is  often 
difficult  to  get  men,  yet  it  takes  a  man  to  operate  a  cream 
separator  and  a  one-eighth  horse-power  motor  will  do 
the  work.  If  the  man  is  paid  30c  an  hour,  his  cost  per 
k\v-hr.  is  approximately  $4. 

Much  work  on  the  farm  can  be  done  with  electric 
motors,  which  consume  no  current  when  not  in  use  and 
liave  a  low  depreciation.     In  fact,  if  the  central  station 
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manager  gives  some  thought  to  the  subject  of  electricity 
on  the  farm,  he  will  see  that  the  farmer  can  well  afford 
to  make  certain  investments  to  get  central  station  ser- 
vice. This  farm  power  business  cannot,  however,  be 
secured  by  the  old  method  which  was  about  as  follows : 
— Farmer  "A"  came  into  the  office  inquiring  as  to  the 
cost  of  getting  light  and  power  from  the  central  sta- 
tion lines.  The  utility  in  all  probability  looked  with 
disfavor  on  the  entire  farm  line  scheme  and  gave  farmer 
"A"  an  array  of  figures  as  to  the  cost  of  lines,  equip- 
ment and  service  which  was  discouraging,  to  say  the 
least.  The  next  day  farmer  "B"  came  in,  the  same 
story  was  repeated  and  so  on  day  after  day.  As  a  result 
of  these  methods  both  the  farmers  and  utilities  lose. 

A  better  way  to  handle  this  class  of  business  is  by 
means  of  the  "Service  Certificate  Plan"  which  is  as 
follows: — A  power  solicitor  calls  on  the  various  pros- 
pects and  submits  to  them  a  service  certificate,  the  ac- 
ceptance of  which  and  the  payment  of  an  agreed  amount 
entitles  him  to  have  the  power  line  tapped  by  means  of 
a  transformer,  switching  and  protective  equipment. 
Paying  for  this  service  certificate  is  equivalent  to  paying 
entrance  dues  to  a  club  or  similar  organization.  When 
a  sufficient  number  of  certificates  have  been  paid  for  to 
cover  the  cost  of  lines,  the  money  can  be  immediately 
used  to  build  the  lines,  which  become  the  property  of 
the  power  company.  High-tension  farm  power  and 
lighting  equipment,  transformers,  secondary  wiring, 
etc.,  are  purchased  by  the  farmer  and  installed  by  a 
contractor  at  the  farmer's  expense,  this  equipment  re- 
maining his  property. 

The  Service  Certificate  Plan  has  the  advantage  of 
securing  concerted  action,  of  insuring  a  fixed  sum  for 
the  farmer  to  pay,  enables  the  utility  to  give  service 
without  too  great  an  outlay  and  gives  the  farmer  what 
he  wants,  central  station  supply. 

For  example,  assuming  that  fifty  farmers  can  be 
reached  with  a  6600  volt  line  ten  miles  long.  The  line 
cost  will  approximate  $1000  per  mile  or  a  total  of 
$10000.  Each  farmer's  share  of  this  or  the  cost  of  a 
service  certificate  will  then  be  $200.  A  five  kw 
6600/110/220  volt  single-phase  transformer,  complete 
with  a  farm  type  substation,  will  cost  approximately 
$300  or  a  total  cost  to  each  farmer  of  $500  for  a  five 
kw  installation.  This  should  be  compared  with  a  1000 
watt  individual  plant  costing  approximately  $900  in- 
stalled, and  it  is  simply  a  lighting  plant  with  scant  power 
possibilities.  The  real  advantage  of  central  station 
power  service  is  often  better  appreciated  by  the  farmer 
than  by  the  utility  managers. 

A  farmer's  substation  equipment  mounted  on  a 
steel  pole  is  shown  in  Fig.  i.  Its  general  apearance  is 
pleasing,  both  to  the  farmer  and  the  utility  manager. 
The  equipment  consists  of  a  two-pole  switch  operated 
by  a  handle  near  the  ground  level,  two  choke  coils,  two 
lightning  arresters,  and  two  fuses  which  can  hz  re- 
placed by  the  farmer. 

Admitting  that  the  method  of  securing  farm  line 
business  has  been  solved,  some  central  station  managers 


will  ask  the  following  question: — Will  trouble  at  one 
farmer's  installation,  such  as  transformer  burnout, 
communicate  to  the  main  feeder  and  interrupt  service  to 
other  consumers?  The  only  thing  necessary  to  pre- 
vent the  spreading  of  local  short-circuit  trouble  to  other 
points  is  to  disconnect  the  defective  transformer  in 
such  a  short  time  interval  that  the  circuit  opening  de- 
vices on  the  supply  feeder  will  not  have  time  to  open. 
Thus  the  opening  action  of  a  carbon-tetrachloride  fuse 
under  short-circuit  conditions  is  so  rapid  (approx. 
0.013  sec.)  that  short-circuits  at  farmer's  installations 
will  be  cleared  approximately  ten  times  faster  than  auto- 
matic oil  circuit  breakers  will  open. 

Ordinary  overloads  or  short-circuits  on  the  110/220 
volt  service  lines  are  taken  care  of  by  closely  rated  fuses 
of  the  standard  form.  With  this  combination  of  close 
secondary  and  high  primary  fusing,  the  carbon- 
tetrachloride  fuses  will  only  blow  in  case  of  actual 
transformer  trouble,  and  such  cases  are  rare. 

Each  farm  power  and  lighting  installation  should 
lie  inspected  at  regular  intervals  as  a  matter  of  regular 
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FIG.    1 — TYPIC.\L    FARM    LINE   TRANSFORMER   INSTALLATION 

practice,  to  see  that  the  primai-y  fuses  are  in  proper  con- 
dition, oil  level  maintained  in  the  transformer  and  the 
arresters  in  adjustment.  This  inspection  of  customer's 
installation  is  iust  as  important  as  the  more  frequent 
inspections  at  the  power  house  and  should  be  part  of  the 
transmission  company's  service. 

When  primary  fuses  are  replaced  by  the  farmer, 
this  fact  should  be  reported  to  the  transmission  com- 
pany and  inspection  made.  The  transformer  trouble 
causing  fuse  operation  may  have  been  transient  and 
corrected  by  the  sealing  action  of  the  coil,  but  inspec- 
tion should  be  made  of  the  oil  level  condition  to  guard 
against  further  service  interruptions. 

No  utility  manager  really  interested  in  making  a 
property  pay  can  aflFord  to  overlook  the  farm  line  busi- 
ness. For  instance  a  town  residence  bill  will  approxi- 
mate $3  per  month,  and  the  utilitj'  stands  the  entire  in- 
vestment. The  farmers  bill  will  average  $6  or  more 
per  month,  and  he  stands  the  investment,  reads  his 
meter  and  promptly  pays  his  bills.  Looking  at  it  from 
this  angle,  which  is  the  better  customer? 
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operatinif  and  maintaining  railway  equipment 
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Broken  Leads  in  Armature  Windings 


Broken  leads  on  armature  windings  have  been  a  continual 
source  of  trouble  and  expense  to  some  railway  companies, 
while  with  others  such  troubles  have  broken  out  as  an  epidemic 
that  ran  its  course,  and  then  mysteriously  disappeared.  The 
most  important  facts  which  have  become  evident  in  connection 
with  such  occurrences  are  as  follows : — 

I — Leads  are  broken  only  on  the  coils  of  direct-current 
motors  which  have  two  or  more  turns,  and  on  the  resistance 
leads  of  alternating-current  series  motors. 

2 — Breakages  usually  do  not  begin  to  develop  until  after 
about  one  year. 

3 — Breakages  are  more  frequent  where  the  motors  are 
heavily  loaded. 

4 — The  same  type  of  motor  will  develop  breakages  on  one 
road  and  will  work  satisfactorily  on  others  in  apparently  the 
same  class  of  service. 

5 — This  trouble  occurs  on  motors  used  for  city  service,  as 
well  as  in  suburban  or  interurban  service. 

6 — The  break  commonly  occurs  on  the  top  leads,  directly 
back  of  the  commutator  neck. 

7 — Top  leads  have  also  broken  back  from  the  commutator 
neck,  where  a  sharp  upward  bend  is  made  in  the  winding. 

8 — A  few  bottom  leads  have  broken,  where  the  top  leads 
are  also  breaking. 

9 — On  coils  where  the  throw  is  divided  between  the  top 
and  the  bottom  leads,  no  instances  are  known  where  the  bottom 
leads  broke  while  the  top  leads  did  not.  On  coils  where  the 
bottom  leads  come  out  straight  to  the  commutator  and  all  oi 
the  throw  is  on  the  top  leads,  the  bottom  leads  have  broken 
more  frequently  than  the  top  leads. 

ID — Two  piece  coils  made  of  thin  strap  copper  have  broken 
at  the  rear  end  near  where  the  strap  is  soldered  to  the  con- 
nector. 

In  an  effort  to  find  the  cause  and  remedy  for  broken  leads, 
considerable  experimental  and  research  work  has  been  done, 
which  threw  some  light  on  this  subject.  However,  more  con- 
clusive results  have  been  obtained  by  a  careful  investigation 
of  the  troubles  reported  in  the  field.  Although  the  cause  for 
each  individual  breakage  could  not  be  located  definitely,  a 
number  of  outstanding  points  were  found  in  connection  with 
the  probable  cause,  which  are  listed  in  Table  I. 

SUGGESTED  PKECAUTIONS  FOR  PREVENTING  BROKEN  TREADS 

Internal  Vibration — 

I — The  windings  should  have  a  solid  foundation  and  should 
be  solidly  built  up  between  the  top  and  bottom  leads. 

2 — Small  wire  leads  should  be  shellaced  back  of  the  neck 
while  winding. 

3 — The  complete  armature  should  be  dipped  in  a  baking 
varnigh  and  baked. 

4 — The  laminations  of  the  core  should  be  a  tight  driving  fit 
on  the  spider  or  shaft,  and  should  be  held  tightly  together  by 
a  ring  nut. 

5 — The  commutator  should  be  clamped  under  pressure 
while  hot,  should  be  held  securely  and  should  make  a  good 
press  fit  on  the  shaft  or  spider. 

6 — The  coil  supports  should  be  of  rigid  construction  and 
securely  held  from  movement. 

7 — All  armatures  should  be  temporarily  banded  while  hot, 
to  pull  the  windings  down  solidly.  The  permanent  bands 
should  be  made  of  a  good  grade  of  hardened  steel  wire,  soldered 
with  pure  tin  solder.  Strips  of  tin  should  be  placed  under  the 
core  bands  before  soldering,  to  make  a  more  compact  band. 
At  the  front  end,  the  band  should  be  placed  out  near  the  corn- 
mutator  neck  to  hold  the  windings  securely  in  place  at  this 
point. 

8 — Excessive  currents,  such  as  are  produced  by  too  rapid 
acceleration  or  through  faulty  handling  of  cars  should  be 
avoided. 

9 — Over-speeding,  whether  on  the  level  or  down  grades, 
should  be  avoided. 

10 — All  detail  parts  of  the  armature,  as  well  as  the  com- 
pleted armature,  should  be  in  balance. 


ii^Placing  a  steel  wire  band  on  the  bottom  leads  before 
connecting  the  top  leads  has  been  tried,  with  but  little  success. 
External  Vibration — 

I — The  armature  bearings  should  be  kept  tight  in  the  hous- 
ings and  renewed  when  worn  to  the  allowable  limit. 

2 — The  bearing  housings  should  be  kept  tight  in  the  motor 
frame. 

TABLE  I— PROBABLE  CAUSE  OF  BROKEN  LEADS 


/Lo 


I  Poor  workmanship 
rindiugs    .  .  -.  Poor    foundation 

I  Shrinkage    of    insulation 

(  Worn   key 
ore -  Poor  fit  on   shuft   or  spider 

( Poorly    clamped 

/  Worn    key 
.^,_  }  Poor  fit  on  shaft  or  spider 

'^ J  Poorly    clamped 

V  Not  thoroughly  baked 

(  Not  well  soldered 
s  Poor   grade   wire 

( Too   few  bands 


Loose   coil   support. 


Wo 


key 


(  Poor   fit 


shaft   or  spider 


(  Overload 
Excessive    current -  Rapid   acceleration 

\  Faulty    handling   of    car 

^  Core  unbalanced 
Out  of  balance -  Commutator   unbalanced 

(  Windit  ■    " 

^  High  peripheral  speed 

/Armature    bearings iWorn 

f  Loose 
Arm.   bearing   housings.  ■     - 


abalanced 


Axle   bearings. 

Gear   case 

Axle   caps 


Gears  and  pinions. 


Track 


(  Worn 
1  Loose 
t  Worn 
(  Broken 
'(  Loose   bolts 
I  Broken 
I  Loose  bolts 
'  Badly  worn 
mesh 
Eccentric 
ottoming 
j  Special   work 
1  Poor   conditioi 


/  Badly  v 
)  Out  of 

\  Eccentri 

\  Bottomi 


Non-resilient   roadbed 
Rigid  mounting  of  motor 
1  Faulty  handling  of  cars 
^Flat  wheel 
/  Heavy  currents   .......  .Magnetic  stresses 

/  /  ShriukaL-e    of    insi 

J  }  Loosening 

t.  Overheating     \  Expansion 

V       of  windings 
/  \  Driving  into  slot 

[Leads,    nicked -Sharp     corners     < 

\  /      ommutalor   slo 


nd 


damaged 


iMetal   cha 


ity 


(Copper) 


IMetal  crystallized  by  pounding 

/  Mechanically    weak — no    elastii 
1  Hard   copper 
\  Impurities  in  metal 
V.  Defects  in   drawing 
/  Sharp    bends    in    windings 
Localized  )  Uneven  placing  of  leads 

Strains  )  Improper    banding 

V  Poor  distribution  of  bands 

3— The  axle  bearings  should  be  kept  tight  in  their  seats 
and  removed  when  worn. 

4— The  axle  cap  bolts  should  be  kept  drawn  up  tightly  and 
defective  caps  should  be  removed. 

5— The  gear  case  bolts  should  be  kept  tight,  and  broken 
gear  cases  replaced. 

6 — Gears  and  pinions,  when  badly  worn,  out  of  mesh,  or 
bottoming,  should  be  replaced  by  new  ones,  preferably  of  the 
helical  type. 

7 — Tracks,  special  work  and  roadbed  should  be  kept  in 
good  condition. 
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8 — Wherever  possible,  the  motors  should  not  be  rigidly 
mounted  on  the  trucks. 

9— Flat  wheels  should  be  turned  or  replaced. 

10 — The  trainmen  should  be  given  a  course  of  instructions 
on  the  proper  method  of  handling  the  equipment. 

Overloads — 

I — Excessive  currents  should  be  avoided,  as  they  set  tip 
magnetic  stresses  which  produce  severe  mechanical  strains  in 
the  windings. 

2— Heavy  currents  cause  high  temperatures  that  dry  out 
the  insulation  and  cause  loose  windings  and  loose  bands.  Re- 
banding  and  dipping  and  baking  the  armature  every  I2  to  15 
months  helps  to  counteract  trouble  from  this  source. 

3 — On  alternating-current  motors  with  nickel  silver  resist- 
ance leads,  provision  has  been  made  lor  movement  of  the 
windings,  due  to  expansion  and  contraction : — 

a — By  putting  a  goose  neck  in  the  winding. 

fc— By  slotting  the  winding  on  both  edges  of  the  strap. 

4 — On  direct-current  windings  where  the  bottom  lead  comes 
out  straight  to  the  commutator,  a  small  goose  neck  bend  made 
in  the  lead  when  winding  will  help  to  prevent  breakages. 

Damage  to  Leads — 

I — Utmost  care  should  be  used  in  placing  the  leads  in  the 
slots;  metal  drifts  should  not  be  used. 

2 — The  edges  of  the  commutator  neck  slot  should  be 
rounded  off  and  all  sharp  corners  removed. 

3 — Leads  should  not  be  pounded  into  the  slots. 

4 — Extreme  care  should  be  taken  to  prevent  damage  during 
soldering.  Soldering  pots  should  be  fitted  with  a  temperature 
control  device  to  prevent  burning  the  solder  or  the  leads. 

5 — Some  operators  have  reduced  their  broken  lead  troubles 
by  drifting  the  leads  solidly  into  the  commutator  necks  and  not 
soldering  them. 


6 — One  remedy  tried,  with  but  little  success,  was  to  anneal 
the  leads  before  soldering  them  into  the  necks. 

Material — 

I — The  coils  should  be  made  from  a  soft,  grade  A,  electro- 
lytic copper.  The  copper  to  be  used  should  be  carefully  selected 
and  inspected. 

2 — As  the  best  copper  is  mechanically  weak,  the  copper 
lead  can  be  reinforced  by  placing  a  phosphor  bronze  sleeve 
over  it  at  the  commutator  neck. 

3— The  leads  may  be  cut  off  at  the  front  end  and  phosphor 
bronze  connectors  used  between  the  cut  off  leads  and  the  com- 
mutator necks. 

Localized  Strains — 

I — ^The  leads  should  be  given  a  free,  easy  bend  where  they 
enter  the  commutator  neck. 

2 — No  sharp  bends  should  be  made  in  any  part  of  the  lead. 

3 — The  leads  should  be  laid  evenly  and  uniformly  side  by 
side,  to  distribute  the  strain  over  their  entire  length,  and  to  re- 
inforce one  another. 

4 — The  bands  should  be  wound  and  distributed  in  such  a 
way  as  to  reduce  the  local  strains  in  the  leads  at  the  front  end. 

THE  NUMBER  OF  LEADS  BROKEN  IN  SERVICE  CAN  BE  REDUCED 

I — By  a  good  careful  winding  job. 

2 — By  dipping  and  baking  the  armatures. 

3 — By  the  liberal  use  of  shellac  at  the  front  end  of  wire 
loads. 

4 — By  systematic  inspection  and  upkeep  of  equipment  and 
roadbed. 

5 — By  tight  bands.  Bands  should  be  renewed  approxi- 
mately every  12  or  15  months. 

6— By  the  use  of  helical  gears  and  pinions. 

7 — By  not  overworking  the  equipment. 


© 


Our  subscribers  :ire  inviteil  to  u'^e  this  de^iaitment  as  a 
means  of  securing;  authentic  information  on  tiectrical  and 
mechanical  subjects.  Questions  co!icerninK  general  engineer- 
ing theory  or  practice  and  questions  regarditifr  apparatus  or 
materials  desired  for  particular  needs  will  be  answered. 
55pecific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  query.  All  data  necessar>'  for 
a  complete  underst-^nding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available;  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


o 


1849 — Induction  Motor  Trouble — In  a 
discussion  on  three-phase  induction 
motor  trouble,  an  engineer  asked  for 
the  following  readings  from  tests 
made  on  the  given  motor,  stating  that 
he  would  at  once  point  out  the  trouble, 
if  electrical. 

(1)  a — No  load  amperes. 
b — Normal  voltage. 

c — True     watts     as     indicated     by 
wattmeter. 

(2)  (With    rotor   locked    and   about 
one-half  normal  voltage  applied) 

a — Amperes. 

b — Actual  volts  applied. 

c — True  watts  with  a  wattmeter. 

(3)  Resistance    of    stator    winding 
— terminal  to  terminal. 

I  understand  that  the  magnetization 
current  bears  a  certain  approximate  re- 
lation to  the  full-load  current,  but  what 
should  its  proportion  be  to  the  locked 
current,  at  50  percent  normal  voltage? 
Where  does  he  use  the  stator  resistance? 
When  he  says  "no  load  amperes"  and 
"watts"  does  he  mean  of  one  line  or  1.73 
times  one  line  or  the  total  power  in 
other  words.  How  would  the  primary 
current  with  rotor  locked  compare  to 
the  same  with  rotor  removed?  With 
the  full-load  current. 

H.L.  (pa.) 

If  the  answers  to  these  questions  are 
known,  they  can  be  checked  against 
similar  tests  made  on  the  motor  at  the 


factory  or  on  similar  motors  elsewhere. 
Where  the  values  are  different,  and  the 
design  of  the  motor  is  known,  possible 
mistakes  could  be  accounted  for.  When 
current  is  specified,  it  is  per  terminal 
and  for  watts  is  meant  total  watts.  No- 
load  current,  full-load  current  and 
locked  current  do  not  have  any  definite 
relation  to  each  other  in  different 
machines.  They  vary  with  the  number 
of  poles  and  type  of  machine. 

C.W.K. 

1850 —  Synchronizing  —In  synchro- 
nizing large  generators,  is  there  any 
advantage  in  closing  the  oil  switch 
when  the  synchroscope  pointer  is 
nearing  the  synchronism  mark  and  re- 
volving in  a  "slow"  direction,  or  is  it 
equally  well  to  close  the  switch  when 
the  pointer  occupies  the  same  rela- 
tive position,  but  is  revolving  in  the 
"fast"  direction? 

R.B.G.  (mont.) 
There  is  no  difference,  assuming  the 
same  phase  difference  in  each  case.  The 
current  flowing  will  be  determined  by 
the  amount  of  phase  difference  and 
whether  the  generator  voltage  is  ahead 
or  behind  the  line  voltage  at  the  instant 
the  circuit  is  closed.  Whether  the  gene- 
rator frequency  was  faster  or  slower 
than  the  line  frequency  just  before  the 
circuit  was  closed  has  no  effect  on  the 
amount  or  direction  of  synchronizing 
current.  F.D.N. 


1851 — Starting  Synchronous  Motor — 
Please  explain  how  a  synchronous 
motor  can  be  started  by  tying  it  to  a 
generator  electrically  and  starting  the 
generator.  Also  state  how  large  a 
motor  may  be  started  by  a  3  000  kv-a., 
25  cycle,  6600  volt,  turbo-alternator. 
Could  another  generator  be  started  as 
a  motor?  What  does  the  starting 
capacity  of  the  set  depend  on? 

c.B.   (pa.) 

To  start  a  synchronous  motor  and 
generator  together,  the  leads  should  be 
connected  so  as  to  give  the  desired  direc- 
tion of  rotation  and  the  fields  of  both 
machines  excited.  When  the  generator 
is  started  up.  the  motor  will  follow  and 
the  two  machines  will  come  up  to  full 
speed  in  synchronism.  It  is  common 
practice  in  making  shop  tests  to  connect 
duplicate  machines  together,  and  bring 
them  up  to  speed  in  this  manner.  The 
3000  kv-a  turbo-generator  will  probably 
be  able  to  start  a  machine  of  the  same 
capacity  without  mechanical  load.  This 
method  can  be  used  with  either  motors 
or  generators.  The  starting  capacity  of 
such  a  combination  depends  largely  upon 
the  short-circuit  ratios  of  the  machines 
or,  in  other  words,  the  ability  of  the  two 
machines  to  keep  in  synchronism.  Im- 
pedance between  the  two  machines  will 
tend  to  limit  the  ability  of  the  generator 
to  start  the  second  machine. 

Q.  G. 
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PERSONALS 


Mr.  F.  E.  Wynne  of  the  general  en- 
gineering department  of  the  Westing- 
house  Electric  &  Mfg.  Co.,  has  been  ap- 
pointed manager  of  the  railway  equip- 
ment engineering  department. 


Mr  George  M.  Cullinane,  in  charge  of 
electrical  design  and  construction  in  the 
new  billet  and  structural  rolling  mill  of 
the  Scullin  Steel  Company,  has  resigned 
to  take  up  industrial  sales  work  in  the 
Si.  Louis  district  office  of  the  Westing- 
house  Electric  &  Mfg.  Company. 

Mr.  Myles  Lambert,  assistant  mana- 
ger of  the  railway  department  of  the 
Westinghouse  Electric  &  Mfg.  Co.,  has 
been  appointed  manager  of  the  depart- 
ment, succeeding  Mr.  W.  S.  Rugg.  who 
has  been  appointed  assistant  to  Vice- 
President. 


Mr.  Alexander  Taylor,  manager  of 
works  of  the  Westinghouse  Electric  & 
Mfg.  Co.,  has  been  appointed  assistant 
to  vice-president  in  general  charge  in 
all  plants  of  production,  stocks  and 
stores.  Mr.  R.  L.  Wilson,  general 
superintendent,  has  been  appointed 
works  manager  to  succeed  Mr.  Taylor. 

Mr.  C.  W.  Johnson,  assistant  mana- 
ger of  works  of  the  Westinghouse  Elec- 
tric &  Mfg.  Co.,  has  been  appointed 
assistant  director  of  engineering. 

Mr.  Ray  P.  Jackson,  of  the  research 
engineering  department  of  the  Westing- 
house Electric  &  Mfg.  Co.,  has  been  ap- 
pointed manager  of  the  material  and 
process  engineering  department. 

Mr.  G.  A.  Sacchi,  of  the  New  York 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company  has  been  ap- 
pointed manager  of  the  stoker  section 
of  the  power  department  at  the  East 
Pittsburgh  Works. 

Mr.  C.  A.  Klemm  of  the  Louisville 
office  of  the  Westinghouse  Electric  & 
Mfg.  Company  has  resigned  to  become 
assistant  manager  of  the  Evansville 
branch  of  the  Varney  Electrical  Supply 
Company. 

Mr.  J.  G.  Miles,  head  of  the  insulation 
section  of  the  Westinghouse  Electric  & 
Mfg.  Company  at  East  Pittsburgh  has 
been  transferred  to  the  Seattle  District 
Office  as  manager  of  the  supply  depart- 
ment. 

Mr.  A.  L.  Schieber,  has  been  ap- 
pointed manager  of  the  generator  sec- 
tion of  the  power  sales  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany at  East  Pittsburgh  to  succeed  Mr. 
H.  D.  Stephens,  who  has  been  trans- 
fered  to  the  New  York  district  office. 

Mr.  M.  R.  Evans,  sales  manager,  and 
Mr.  J.  B.  Harris,  Jr.,  Pittsburgh  district 
manager  of  the  Pittsburgh  Transformer 
Co.,  have  resigned  to  act  as  Philadelphia 
representatives  of  the  Moloney  Electric 
Company  of  St.  Louis  with  offices  in  the 
Real  Estate  Trust  Bldg.  They  will  also 
act  as  Philadelphia  representatives  of 
the  Delta-Star  Electric  Company  of 
Chicago. 

Mr.  E.  D.  Kilburn,  manager  of  the 
New  York  district  office  of  the  Westing- 
house   Electric    &    Mfg.    Company    has 


been  appointed  vice-president  of  the 
Westinghouse  Electric  International 
Company  at  165  Broadway,  New  York 
City.  Mr.  A.  E.  Allen,  has  been  ap- 
pointed to  succeed  Mr.  Kilburn  as  New 
York  district  manager. 

Mr.  C.  W.  Davis,  manager  of  the 
Dallas  Office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company  has  resigned  to 
accept  the  position  of  vice-president  and 
general  manager  of  the  Dallas  Light  & 
Power   Company. 


Mr.  Edwin  Lundgren,  formerly  chief 
engineer  of  the  stoker  department  of  the 
Westinghouse  Machinery  Company  is 
now  vice-president  and  chief  engineer 
of  the  newly  incorporated  firm,  the 
Frederick  Engineering  Company  of 
Frederick,  Maryland. 

Mr.  P.  M.  Lincoln,  commercial  en- 
gineer of  the  Westinghouse  Electric  & 
Mfg.  Company  and  formerly  engineer- 
in-charge  of  the  power  engineering 
department,  has  resigned  to  enter  the 
consulting  engineer  field  and  in  that 
capacity  will  have  active  charge  of  the 
motor  application  engineering  for  the 
Lincoln  Electric  Company  of  Cleveland, 
Ohio.  Mr.  Lincoln  will  maintain  his 
residence  in  Pittsburgh  until  the  close  of 
the  college  year.  He  has  served  as  pro- 
fessor of  electrical  engineering  in  the 
University  of  Pittsburgh  for  a  number 
of  years. 

TRADE  NOTES 

The  Delta-Star  Electric  Company  of 
Chicago,  have  issued  bulletin  No.  35  de- 
tailing plans  for  serving  farmers  from 
high  tension  lines.  It  contains  consider- 
able data  on  various  forms  of  contracts 
for  taking  on  this  service  at  a  profit. 


"The  Toledo  Bridge  &  Crane  Com- 
pany of  Toledo,  Ohio  have  just  issued 
two  new  bulletins.  Bulletin  No.  21  con- 
tains an  illustrated  list  of  crane  users 
and  applications.  The  other  bulletin 
describes  their  type  "B"  cranes  showing 
details  and  comparisons  with  other  types 
of  cranes.  Both  bulletins  are  elaborately 
illustrated. 


Hickey  &  Schneider,  Inc.,  of  Eliza- 
beth, New  Jersey,  have  just  issued  their 
bulletin  No.  15  on  "Outdoor  Disconnect- 
ing Switches."  This  illustrates  and 
describes  in  detail  the  various  forms  of 
switches  available,  along  with  detailed 
dimensions,  sketches,  and  explanations 
of  the  advantages  of  the  designs  shown. 
Copies  of  this  bulletin  will  be  sent  on 
request. 

In  order  to  provide  facilities  adequate 
to  handle  the  increasing  export  business 
and  to  develop  their  foreign  trade  to  a 
greater  extent  than  has  been  heretofore 
possible,  the  Westinghouse  Air  Brake 
Company  has  organized  an  Export  De- 
partment with  head(|uarters  in  the 
Westinghouse  Building,  Pittsburgh,  Pa. 
The  new  department  will  begin  opera- 
tions January  ist,  with  Mr.  E.  A.  Craig 
as  Export  Manager.  Mr.  Craig  has 
been  associated  with  the  Westinghouse 
Air  Brake  Company  for  thirty-two 
years,  beginning  in  1888.  In  1905  he 
was  appointed  auditor  and  assistant  sec- 
retary and  in  1906  was  made  south- 
eastern manager  of  the  Company. 
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NATIONAL  SAFETY  SECTION 


In  view  of  the  fact  that  the 
Electric  Journal  will  run  in  each 
issue  during  the  year  1920,  a 
special  article  on  Safety  prepared 
by  the  National  Safety  Council  and 
in  order  that  our  readers  may 
fully  appreciate  the  value  of  these 
articles,  we  are  introducing  the 
series  in  this  issue  by  a  brief  history 
of  the  National  Safety  Council. 

In  a  nut  shell,  the  National 
Safety  Council  is  the  nation's 
clearing  house  for  information  on 
accident  prevention,  sanitation,  and 
other  phases  of  industrial  relations. 
It  is  a  non-commercial,  co-operative 
association  of  manufactures,  gov- 
ernmental agencies,  technical 
schools,  etc.  representing  industries 
employing  more  than  6000000  wor- 
kers. 


THE  NATIONAL 
SAFETY  COUNCIL 

(Coii/iinu-c/) 


DEVELOPMENT   OF   LOCAL   COUNCILS 

In  the  earliest  years  of  the  Council, 
the  need  of  local  activities  in  organized 
safety  effort  in  industrial  centers  began 
to  appear,  a  need  for  local  organizations 
which  would  conduct  meetings  for 
workmen,  foremen  and  executives  and 
accomplish  what  it  was  impossible  to 
accomplish  through  printed  matter  sent 
from  the  national  headquarters.  The 
National  Council  therefore  set  about  or- 
ganizing locals  of  which  there  are  now 
thirty-five  in  operation  and  at  least  a 
dozen  in  the  process  of  formation.  One 
of  the  most  important  steps  in  the  de- 
velopment of  local  councils  was  the 
adoption  of  the  plan  of  engaging  a  full- 
time  paid  secretary.  This  was  done  for 
th»  first  time  by  the  Pittsburgh  Local 
on  Jaunary  i,  1917. 

CREATION    OF   THE    ENGINEERI.MG 

DEPARTMENT. 

In  the  latter  part  of  1917  the  Council, 
realizing  the  need  at  its  headquarters  of 
men  with  technical  experience,  created 
an  engineering  department  which,  since 
then,  has  had  in  charge  the  preparation 
of  all  bulletins  and  safe  practices 
pamphlets.  This  department  now  in- 
cludes four  safety  engineers  who  serve 
the  membership  of  the  Council  not  only 
in  the  preparation  of  bulletins  and  safe 
practices  but  in  investigating  and 
answering  all  inquiries  from  members 
for  techinical  information. 

THE   N.   S.  C.   LIBRARY. 

From  the  very  inception  of  the  Coun- 
cil, the  headquarters  office  began  to  de- 
velop a  library.  What  began  merely  as 
a  file  of  the  information  that  was  sent  in 
by  members  has  developed  into  what 
is  now  the  most  complete  library  on 
accident  prevention  and  industrial  re- 
lations in  the  country.  The  N.  S.  C. 
library  has  at  least  10  000  booklets  and 
pamphlets,  500  books,  5000  clippings  of 
special  articles,  and  i  500  blue  prints  and 
photographs  all  devoted  to  safety  or  re- 
lated subjects.  The  library  files  contain 
practically   all   of   the   Council's   corres- 


pondence that  is  of  informative  value, 
tabulated  questionaires  on  a  great 
variety  of  subjects  and  a  mass  of 
other  sources  of  information.  Prac- 
tically everything  that  has  been  issued 
on  the  subject  of  safety  by  the  United 
States  Government  and  the  various 
state  governments  is  to  be  found  on  the 
shelves  of  the  Council's  library  and  is 
to  be  had  for  the  asking  by  any  member. 

SCHOOLS    FOR    FOREMEN   AND    SAFE'TV 
SUPERVISORS. 

The  most  successful  feature  of  the 
local  council  work  has  been  the  develop- 
ment of  schools  for  safety  supervisors, 
lessons  for  which  were  prepared  by  the 
Engineering  Department.  The  safety 
school  idea  grew  out  of  a  need  felt  by 
the  industries  in  the  Pittsburgh  District 
for  trained  safety  inspectors.  It  is 
cornmonly  agreed  by  experts  that  a 
trained  safety  inspector  is  indispensable 
to  the  efficiency  of  accident  prevention 
work  in  any  plant.  Many  companies  de- 
sire to  select  safety  inspectors  from 
among  their  own  employees.  The 
schools  conducted  by  the  various  locals 
of  the  National  Safety  Council  offer  an 
opportunity  for  the  training  of  such 
men.  This  training  is  now  considered 
the  most  direct  and  effective  service 
that  the  local  councils  have  rendered. 

The  schools  for  safety  supervisors 
have  become  so  popular  that  the  Coun- 
cil has  developed  plans  for  organizing 
schools  for  foremen.  These  promise  to 
be  equally  popular  with  both  employers 
and  foremen  and  equally  efi'ective. 

During  recent  years  safety  engineers 
and  industrial  managers  who  have  given 
thought  and  attention  to  accident  pre- 
vention have  more  and  more  come  to 
see  that  safety  must  be  incorporated  into 
the  community  life,  not  only  in  order  to 
stop  the  alarming  increase  in  deaths  on 
the  streets  and  in  the  homes,  but  to 
reach  the  workmen  through  their  homes, 
to  get  them  to  respect  safety  and  to  de- 
velop habits  of  caution. 

The  Council  has  not  limited  its  educa- 
tional work  to  its  own  membership.  In 
some  forty  or  fifty  universities,  through 
the  eflforts  of  the  National  Safety  Coun- 
cil, the  faculties  have  been  induced  to 
incorporate  safety  instruction  into  the 
curriculum.  These  universities  are  now 
giving  consideration  to  the  requirement 
of  safety  both  in  instruction  involving 
machine  designing  and  in  plant  manage- 
ment. The  Council  has  set  out  during 
the  coming  year  to  secure  the  adoption 
of  instruction  in  accident  prevention  in 
all  the  public  and  parochical  schools  of 
the  country. 

The  co-operative  spirit  that  has  made 
the  National  Safety  Council  possible  is 
perhaps  best  demonstrated  at  the  .An- 
nual Safety  Congresses,  where  some 
three  or  four  thousand  men  and  women 
meet  to  hear  formal  papers  prepared  by 
150  or  more  speakers  and  to  participate 
in  round-table  discussions  on  every 
phase  of  safety  that  is  of  interest  to 
large  groups.  The  Council  conducts 
such  a  congress  in  a  different  industrial 
center  each  year.  With  the  congress  at 
St.  Louis  in  1918,  the  Council  began  the 
practice  of  conducting  with  the  aid  of 
its  local  Council,  a  "safety  week"  co- 
incidental    with     the     annual     congress. 


These  local  demonstrations  and  the  re- 
sultant heavy  reductions  in  accidents 
not  only  added  a  new  spirit  and  en- 
thusiasm to  the  Congress,  but  made  a 
great  contribution  to  the  city  by  arous- 
ing interest  among  the  population 
generally,  and  especially  among  indus- 
trial workmen. 

The  National  Safety  Council  starting 
as  an  association  of  a  handfull  of  manu- 
facturers has  in  six  years  come  to  be 
the  one  great  organization  leading  the 
movement  not  only  for  accident  preven- 
tion and  industrial  betterment,  but  also 
the  movement  for  public  and  educational 
safety  in  this  country. 


WHAT   THE   NATIONAL   SAFETY 
COUNCIL  DOES. 

I — Maintains  bulletin  service.  Three 
posters  suitable  for  posting  on  bulletin 
boards,  where  the  messages  of  care  and 
caution  may  come  directly  under  the 
notice  of  the  workmen,  arc  issued  each 
week.  One  bulletin  is  issued  each  week 
for  the  executive,  bringing  to  their 
attention  the  latest  and  best  plans, 
methods  and  ideas  for  getting  the  best 
results  from  safety  work  and  from 
other   industrial   relations   activities. 

2 — Maintains  Information  Bureau  for 
answering  inquiries  on  all  phases  of 
safety  work,  sanitation,  industrial  hy- 
giene and  other  branches  of  industrial 
relations.  The  Council  also  maintains 
a  complete  and  comprehensive  library 
on  safety  which  is  available  to  its 
members. 

T, — Publishes  Safe  Practices  pamphlets 
monthly.  These  engineering  studies  of 
industrial  hazards  are  written  in  plain, 
every-day  English  so  that  they  can  be 
understood  by  every  foreman. 

4 — Lends  safety  motion  picture  films 
and  stereoption  slides  for  use  at  work- 
men's safety  meetings  and  other  occa- 
sions. 

S —  Provides  phonographic  safety 
talks,  prepared  by  well-known  safety 
men,  for  use  in  lunch  rooms  and  at 
meetings  of  foremen,  safety  committees, 
workmen  and  others. 

6 — Maintains  Employment  and  Regis- 
tration Bureau  for  safety  engineers. 

7 — Conducts  a  Speakers'  Bureau  and 
gives  training  courses  for  safety  super- 
visors. Also  co-operates  with  technical 
colleges  and  universities  in  presenting 
safety  as  part  of  a  course  in  engineer- 
ing. 

8 — Aids  in  the  organization  of  state 
and  local  councils  in  various  parts  of 
the  country.  At  the  present  time  there 
are  thirty-five  such  state  or  local 
councils. 

9 — Prints  weekly  news-letter  to  keep 
members  informed  on  current  events 
and  important  matters  affecting  the 
safety   movement 

10 — Conducts  the  Annual  Safety  Con- 
gress in  some  large  industrial  center, 
where  papers  and  discussions  on  all 
branches  of  accident  prevention  work 
are  given  by  experts  of  national  and  in- 
ternational reputation  and  where  com- 
prehensive exhibits  on  safety  and  other 
questions  relating  to  industrial  relations 
are  shown.  The  Congress  at  St.  Louis 
in  1918  was  attended  by  over  seventeen 
hundred   persons. 
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The  importance  of  quick  and  accurate 
Graphical  methods  of  calculating  overhead 
Solutions  transmission  lines  is  rapidly  increas- 

ing. The  electrification  of  railroads, 
and  the  interconnection  of  large  existing  power  systems 
are  proceeding  apace.  The  increasing  cost  of  trans- 
portation, and  the  shortage  of  railroad  equipment,  both 
tend  to  make  the  location  of  large  power  stations  at  the 
coal  mines  more  and  more  practicable.  At  present, 
prospects  look  bright  for  the  passage  of  a  Water  Power 
Bill  which  will  permit  an  increased  development  of  the 
water  powers  of  the  country. 

All  of  these  projects  involve  high- voltage  and,  in 
many  cases,  long  distance  transmission  lines.  The  low 
cost  of  power  and  the  high  cost  of  labor  and  materials 
will  mean  that  somewhat  larger  losses  than  have  been 
customary,  may  be  considered  advisable.  This  will,  in 
turn,  probably  produce  a  widespread  use  of  synchron- 
ous condensers  for  power- factor  regulation  : — all  of 
which  will  require  not  only  great  refinement  in  calcu- 
lation, but  also  repeated  calculations  of  alternative 
possibilities. 

Mathematical  analyses  of  long  transmission  lines, 
are  possible;  but  they  are  tedious,  even  to  an  expert, 
and  are  impracticable  for  the  average  engineer  who, 
even  if  he  has  had  mathematical  training,  usually  re- 
quires considerable  time  to  familiarize  himself  again 
with  the  processes  involved. 

Extreme  accuracy  is  not  essential  in  transmission 
line  calculations,  as  the  load  and  power-factor  can  only 
be  estimated  approximately.  The  length  of  a  new  line, 
especially  over  hilly  country,  cannot  be  determined  ex- 
actly. The  spacing  of  wires  is  seldom  uniform;  wires 
are  subject  to  manufacturing  variations  in  size;  and 
their  resistance  changes  with  the  size,  temperature,  and 
purity  of  the  conductor. 

With  so  many  sources  of  variation  in  the  funda- 
mental assumptions,  slight  inaccuracies  in  the  calcula- 
tions are  negligible.  Hence  a  careful  graphical  solu- 
tion is  well  within  the  requirements  of  the  problem. 
Such  graphical  solutions  have  long  been  customary  and 
entirely  satisfactory  for  bridges  and  roof  trusses,  where 
the  saving  in  time  is  not  as  great  as  it  is  with  trans- 
mission problems,  and  where  even  greater  accuracy  is 
essential.  The  graphical  solution  minimizes  the  possi- 
bility of  making  a  gross  error,  and  is  also  very  easy  to 
check. 

The  great  majority  of  transmission  calculations  are 
for  moderate  distances  and  voltages,  for  which  the  ef- 
fects of  capacitance  can  be  neglected,  and  simple  charts, 
such  as  those  by  Mershon  and  Dwight,  (published  in 
the  February,  1920  Journal)  give  the  solution  almost 
at  a  glance.  The  Dwight  chart  is  especially  valuable, 
because  it  includes  the  constants  which  usuallv  must 


be  secured  from  wire  tables  and  also  because  the  solu- 
tions are  reversible.  Comparisons  of  the  effects  of  dif- 
ferent wire  sizes,  etc.  can  thus  Ije  made  in  a  few 
minutes. 

Valuable  as  these  simple  charts  are,  however,  for 
short  lines,  they  neglect  certain  factors,  and  for  long 
lines  the  errors  may  become  important.  The  graphical 
solutions  by  the  use  of  the  Wilkinson  charts  and  .the 
diagrams  described  by  Mr.  Nesbit  in  this  issue  of  the 
Journal  are  accurate  in  principle;  and  the  accuracy  of 
the  method  is  attested  by  the  fact  that  in  48  calculations 
of  high-tension  lines  performed  graphically  by  Mr.  Nes- 
bit, the  maximum  error,  as  compared  with  the  most  ac- 
curate mathematical  solutions,  was  one-quarter  of  one 
percent.  Such  calculations  are  more  accurate  than 
actual  measurements  of  the  characteristics  of  an  ex- 
isting line  could  be  made. 

With  the  Wilkinson  charts,  the  most  difficult  trans- 
mission problems  can  be  solved  by  a  competent 
draughtsman  in  a  short  time,  with  almost  the  same  ac- 
curacy as  is  obtained  laboriously  by  an  expert  mathe- 
matician by  the  convergent  series  or  hyperbolic 
methods.  While  desirable,  an  understanding  of  the 
mathematical  principles  involved  is  not  in  any  way  nec- 
essary to  the  attainment  of  such  results. 

The  correct  size  of  wire  for  a  new  line  can  be  de- 
termined approximately  from  Mr.  Nesbit's  "Quick  Esti- 
mating Tables"  without  calculation.  Nevertheless  it  is 
frequently  desirable  to  compare  the  performance  of  a 
line  with  several  different  wire  sizes  or  spacings.  Fre- 
quently in  connection  with  long  transmission  lines,  both 
the  size  of  synchronous  condenser  necessary  to  main- 
tain certain  desired  power- factor  conditions,  and  the 
effect  of  operating  power  stations  in  parallel  are  in- 
volved. Time  and  labor  can  be  saved  by  making  such 
comparisons  graphically,  and  even  where  a  complete 
mathematical  solution  is  considered  warranted,  a 
graphical  check  is  of  great  value. 

The  broader  utility  of  the  graphical  solution  does 
not  detract  in  any  way  from  the  value  of  the  purely 
mathematical  solutions.  A  graphical  solution  should 
be  based  on  a  complete  mathematical  analysis,  since 
without  such  a  foundation,  it  can  scarcely  be  considered 
trustworthy.  Great  credit  is  due  those  engineers  who 
have  developed  exact  formulas  for  the  solution  of 
transmission  line  problems.  Such  solutions  will  always 
be  used  for  the  more  precise  calculations.  No  less 
credit  is  due  those  other  engineers,  such  as  Wilkinson 
and  Nesbit,  Dwight  and  Mershon,  who  have  translated 
these  formulas  into  the  language  of  the  everyday  M'ork 
shop,  so  that  reliable  solutions  can  be  secured  quickly 
and  accurately  by  those  who  are  not  mathematical  ex- 
perts. Chas.  R.  Riker 
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N.  W.  Storer 

General  Railway  Engineer, 

W'cstinghouse  Electric  &  Mfg.  Co. 


THE  NEW  passenger  locomotives  for  the  Chicago, 
Milwaukee  &  St.  Paul  Railroad,  which  are  be- 
ing covered  in  a  series  of  articles  in  the  Journal, 
while  apparently  a  wide  departure  from  all  existing 
types  of  locomotives,  actually  contain  little  of  a  radically 
different  nature  from  what  has  been  used  before.  A 
great  deal  of  work  has  been  done  in  developing  the 
various  pieces  of  apparatus,  including  an  immense 
amount  of  painstaking  detail  designing  which  required 
the  highest  engineering  skill,  as  will  be  seen  from  the 
further  articles  in  this  series.  After  all,  the  result  is 
little  more  than  a  new  assembly  of  standard  types  of 
apparatus,  designed  to  meet  the  new  conditions  imposed 


fact  that  they  are  insulated  for  3000  volts  to  ground, 
are  of  very  large  capacity,  and  are  operated  perman- 
ently with  four  armatures  in  series.  The  insulation 
problem,  while  serious,  offers  no  insuperable  obstacles  in 
the  present  state  of  the  art. 

The  arrangement  of  six  motors  to  secure  three 
running  speeds — one-third,  two-thirds  and  full  speeds — 
rcciuired  a  new  combination  of  switches,  but  the 
switches  used  are  of  the  same  type  and  the  transitions 
from  one  speed  to  another  involve  no  new  principles. 
It  is  the  old  familiar  shunt  transition  that  is  used. 

The  unit  switch  for  the  high-voltage  motor  cir- 
cuits constitutes  one  of  the  most  important  pieces  of 


FIG.    I — NEW    4200    HORSE-POWER    ELECTRIC    LOCOMOTIVE 

Used  for  the  Passenger  Service  on  the  Chicago,  Mihvaukee  &  St  Paul  Railroad. 


by  this  service,  and  no  new  principles  are  involved. 
The  novelty  consists  chiefly  in  the  new  combinations, 
different  schemes  and  in  the  assembly. 

The  mechanical  parts,  while  designed  for  a  larger 
locomotive  than  any  that  has  heretofore  been  built  (it 
weighs  275  tons),  follow  the  line  of  development  of  the 
latest  New  York,  New  Haven  &  Hartford  locomotives 
in  gear  drive,  single  cab  and  cab  supports.  The  de- 
parture comes  in  the  double  Pacific-type  running  gear, 
with  the  long  coupling  bar  between  halves,  and  in  the 
minor  details  of  the  cab  and  running  gear. 

The  driving  motors,  like  the  New  Haven  motors, 
are  of  the  twin  armature  type,  much  larger  and  more 
powerful  it  is  true,  but  mounted  and  geared  in  the  same 
way.  The  voltage  applied  to  the  individual  armature 
is  750  volts,  only  a  little  higher  than  that  of  the  ordi- 
nary street  railway  motor.     The  difference  lies  in  the 


apparatus,  and  is  one  that  departs  farthest  from  previ- 
ous Westinghouse  standards;  but  it  is  still  the  electro- 
l)neumatic  switch,  with  extremely  ingenious  mechanical 
features  and  a  powerful  magnetic  blowout.  Designed 
and  insulated  for  high  voltage,  and  connected  with 
several  units  in  series,  it  handles  the  3000  volt  current 
with  a  facility  equal  to,  or  greater  than,  that  of  the 
standard  600  volt  switches.  For  the  main  motor  change- 
over and  the  low  voltage  auxiliary  circuits,  a  very  simple 
design  of  cam-operated  switch  is  largely  used.  It  is  a 
modified  industrial  type  switch  which  lends  itself  very 
well  to  this  purpose. 

The  master  controller  is  a  model  of  simplicity,  both 
in  construction  and  operation,  considering  the  work  it 
does,  but  it  differs  more  from  standard  designs  than 
most  of  the  other  apparatus.  The  difference  is  due 
chiefly  to  the  regenerative  braking  feature. 


March,  1920 


THE  ELECTRIC  JOURNAL 


85 


The  axle-mounted  generators  used  as  exciters  dur- 
ing regeneration,  and  to  furnish  power  for  auxiliary 
motors  the  rest  of  the  time,  are,  externally,  simply  low- 
voltage,  separately-excited  railway  motors.  The  prob- 
lem is  more  serious  than  that,  however,  as  the  genera- 
tors must  commutate  satisfactorily  over  the  maximum 
range  of  speed,  and  must  operate  in  parallel. 

The  auxiliary  motors  are  all  designed  for  85  to  90 
volts,  so  involve  no  new  principles.  The  motor-genera- 
tor has  a  double  commutator,  bi-polar  motor,  wound  for 
3000  volts.    Otherwise  it  has  no  unusual  features. 

Practical   considerations  of  a  simple  nature  have 
governed  in  developing  this  locomotive,  as  follows : — 
I — The  high  voltage  has  been  confined  to  that  part 
of  the  apparatus  where  it  is  absolutely  necessary. 
The   main   motors,   unit   switches,   starting   re- 
sistors, and  the  motor  of  the  motor-generator 
set,  with  its  controlling  apparatus,  cover  the  en- 
tire list  of  apparatus  on  which  the  high  voltage 
is  imposed,  except  the  lightning  arrester  and  re- 
sistors for  the  wattmeter.    Even  the  main  motor 
field  windings,  and  much  of  the  main  circuit 
control  apparatus,  are  connected  on  the  ground 
side  of  the  armatures,  and  hence  are  not  ex- 
posed  to   the    full    line   voltage.      Control    cir- 
cuits, auxiliary  motors,  lights,  etc.,  are  oper- 
ated from  the  85  to  90  volt  circuit. 
2 — The  motor  circuit  is  never  opened  either  in  or- 
dinary  service  or  in  emergency,   without  first 
inserting  the  maximum  starting  resistance  in  the 
circuit.       This     practically     prevents     serious 
voltage  surges  and  any  concentration  of  vapor 
from  arcs. 
J — Regeneration    is    accomplished    by    a    scheme 
which  has  been  proven  out  on  several  small  lo- 
comotives*, consisting  of: — 
a — The  stabilizing  resistance  in  the  combined 
separately-excited   field  and  in  the  arma- 
ture circuit,  which  causes  the  field  current 
to  vary  inversely  with  the  regenerated  cur- 
rent.     This    protects    the    motor    against 
sudden  changes  in  line  voltage. 
b — The  axle-driven  exciter,  which  protects  the 
machine    against    changes    in    grade,    and 
renders  the  exciter  independent  of  the  line 
voltage, 
c — The   method    of    starting   regeneration    by 
connecting  the  motors  to  the  line  with  their 
minimum  field  current  and  with  the  maxi- 
mum starting  resistance  in  series  with  them. 
This  limits  the  initial  passage  of   current 
to  such  a  small  value  as  to  make  it  im- 


*This  has  been  well  covered  in  the  article  on  "The  Axle 
Generator  Regenerating  System"  by  R.  E.  Ferris,  in  the 
Journal  for  Feb.  '20,  p.  46. 


possible  to  develop  an  appreciable  torque 
in  either  direction.  After  this  connection 
is  made,  the  voltage  is  automatically  and 
quickly  raised  to  that  of  the  line  before  the 
resistance  is  cut  out,  when  the  braking 
power  and  speed  come  under  the  manual 
control    of    the    engine-man. 

The  entire  motor  capacity  of  the  locomotive  is 
available  for  regeneration,  so  that  with  the  ordinary 
weight  of  train  the  load  will  always  be  distributed 
among  all  the  motors,  which  permits  the  locomotive 
easily  to  hold,  on  the  down  grade,  a  much  heavier  train 
than  it  could  haul  up  grade  without  a  helper. 

There  are  three  sources  of  power  for  the  auxiliary 
circuits: — the  motor-generator  set  designed  primarily 
for  train  lighting ;  the  axle-generator  designed  primarily 
for  exciting  the  motor  fields  during  regeneration;  and 
the  storage  battery,  which  serves  as  an  independent 
supply,  available  whether  the  power  is  on  the  line  or  not. 
In  case  the  power  is  oflf  the  line,  the  battery  can  light 
the  locomotive  and  operate  control  circuits  and  air  com- 
pressor; or,  in  case  the  train  is  going  down  grade,  it 
can  excite  the  axle-generators  so  they  can  furnish 
power  for  the  compressors  and  let  the  train  continue 
down  the  grade  under  the  control  of  the  air-brakes. 

The  capacity  of  the  locomotive  is  enormous,  4200 
hp  at  the  one  hour  rating,  and  3400  hp  continuously, 
corresponding  to  tractive  efforts  of  66000  and  49  000 
lbs.  respectively.  These  ratings  are  based  on  the  stand- 
ard A.  I.  E.  E.  rules.  The  starting  tractive  effon  is 
limited  only  by  adhesion,  which  has  exceeded  38  per- 
cent on  test.  If  only  33  percent  is  reached,  the  trac- 
tive effort  will  still  be  112  000  lbs.,  which  requires  only 
50  percent  in  excess  of  the  current  at  the  one  hour  rat- 
ing. The  locomotive  has  a  large  margin  for  the  ser- 
vice— so  large,  in  fact,  that  the  blowers  are  not  neces- 
sary except  on  heavy  grades.  In  spite  of  the  enormous 
pulling  power,  the  locomotive  has  a  safe  operating  speed 
of  65  miles  per  hour  and  extremely  good  tracking 
qualities. 

The  necessity  for  lighting  and  heating  the  train, 
and  for  regenerative  braking,  has  added  veiy  largely 
to  the  equipment  that  would  be  required  simply  for 
pulling  the  train  but,  as  stated  before,  it  does  not  in- 
troduce any  radical  departures  from  existing  types  of 
apparatus ;  it  simply  adds  to  the  amount  of  apparatus  in 
the  locomotive.  The  success  of  the  locomotive  will  de- 
pend on  the  perfection  of  the  details  and,  at  this  time, 
the  indications  are  that  not  only  the  designers  but  the 
builders  have  done  their  work  remarkably  well.  The 
engineers  have  made  a  correct  analysis  of  the  condi- 
tions, and  have  designed  the  apparatus  to  meet  them, 
v/hile  the  men  in  the  shop  have  done  their  part  with  the 
greatest  fidelity  and  skill. 


Iging  on  tl^e  'fmkoj] 


Allen  E.  Ran  sum 

"There  arc  strange  things  done.  In  the  Midnight  Sun 
By  the  men  who  moil  for  Gold."^Scrvifs 


THE  WORLD  FA.MULS  Kluiidyke,  with  the  city 
of  Dawson  at  its  junction  with  the  Yukon  River, 
has  been  the  scene  of  so  many  tales  of  romance, 
fortune,  and  adventure,  hair  breadth  escapes,  fabulous 
fortunes,  ice,  snow,  Indians  and  the  famous  Nortiiern 
lights,  that  the  subsequent  arrival  of  the  engineers,  their 
practical  study  of  the  situation  and  its  possibilities  and 
how  they  conquered  the  many  problems,  have  been  to  a 
great  extent  unheralded  even  in  our  engineering  world. 
The  tales  of  the  "Days  of  '98"  were  not  exag- 
gerated. Along  in  1896,  Henderson  and  Carmack, 
prospecting  along  the  Klondyke  River,  located  on 
Bonaza  Creek,  a  small  tributary  of  the  Klondyke  River, 
a  few  miles  above  Dawson.  Staking  out  Discovery 
Claim  and  No.    i   below,  their  Indian  guides  Tagish 


sidered  In'  the  old  experienced  mmers  as  useless  v.-ere 
forced  upon  the  late  comers.  However  a  Swede,  one 
of  a  party  at  Forty  Mile,  was  induced  to  purchase  a 
couple  of  hill  claims  for  $600  from  a  couple  of  miners, 
who  were  among  the  late  comers.  On  the  "morning 
after"  he  tried  to  get  them  to  give  his  money  back,  but 
only  getting  the  laugh  from  everyone,  he  returned  to  his 
claim,  continued  to  dig,  reached  bed  rock  and  found  a 
fortune.  In  this  way  the  famous  White  Channel  gravels 
are  said  to  have  been  discovered. 

Between  1898  and  1905,  over  one  hundred  million 
dollars  worth  of  gold  had  been  recovered  by  the  most 
primitive  means.  Engineers,  however,  had  appeared 
among  the  many  gold  seekers,  and  were  quietly  study- 
ing the  situation,  figuring  out  its  possibilities  and  report- 
ing their  findings  to  men  with  capital  in  the  States.  They 


FIG.    I — ^THE    WHITK    I'ASS    TRAIL    IN     QO 

Charley  and  Skookum  Jim  staked  claims  No.  i  and  No. 
2  above  the  Discovery  Claim,  and  the  party  proceeded 
down  the  river  to  record  their  claims  at  Forty  IMile. 
The  strike  was  a  rich  one.  The  whole  country  headed 
in  for  the  Klondyke  and  soon  the  news  spread  to  the 
outside  and  the  rush  was  on.  Thousands  poured  in 
from  all  parts  of  the  world.  The  city  of  Dawson  leaped 
to  a  population  of  40  000.  Chilkoot  Pass  and  White 
Pass,  Fig.  I,  were  lined  with  a  continuous  line  of  un- 
daunted Argonauts.  Lakes  Lindeman  and  La  Barge, 
between  the  summit  and  the  start  down  the  Yukon,  and 
150  miles  of  hard  upward  climb  from  Skagway,  were 
passed  and  the  600  miles  of  river  to  the  promised  land 
were  the  scenes  of  the  mad  rush.  Many  fell  by  the 
wayside,  but  the  Klondyke  was  soon  staked  from  mouth 
to  source.  Bonanza  Basin,  Gold  Bottom,  Hunker 
Creek,  Eldorado,  Dominion  Creek — all  began  to  give  up 
their  treasure  under  the  primitive  methods  of  the  early 
discoverers.     Hill  and  bench  claims  which  were  con- 


' — Tlir   IIVnROEI.F.CTRIC  PLANT  AT  TWELVE  MILE,  NEAR  DAWSON 

acquired  claims  and  concessions  and  made  drill  tests 
from  hill  top  to  river  bottom.  Their  reports  opened  up 
the  country  to  big  developments  and  in  1905  the  first  of 
the  big  operators — the  Yukon  Gold  Company  with  Mr. 
O.  B.  Peny  of  New  York  as  chief  engineer  and  general 
manager,  commenced  operations. 

At  Little  Twelve  Mile  Creek,  below  Dawson,  a 
I'.ydro-electric  plant  was  constructed,  tapping  the  com- 
pany's main  hydraulic  flume,  under  a  head  of  650  feet. 
Three  650  k\v,  three-phase,  60  cycle,  2200  volt,  West- 
inghouse  revolving  field  alternators  direct  connected  to 
Pelton  wheels,  with  their  necessary  complement  of  ex- 
citers, switchboards  and  step  up  transformers.  Fig.  2, 
were  installed  and  the  power  transmitted  at  33  000  volts 
over  a  36  mile  transmission  line  with  18  miles  of  branch 
lines  to  nine  electric  dredges  in  the  Klondyke  basin. 

The  possibilities  of  the  dredging  operations  had 
been  carefully  studied  and,  as  in  the  case  of  the  other 
companies  following  later,  thorough  reports  had  been 
approved,  based  on  analysis  of  the  following  condi- 
tions : — 
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1— Quantity  of  gold  bearing  gravels  in  the  properties 
acquired. 

2— Distribution  and  value  of  gold  contents. 
3_Depth  and  character  of  gold  to  be  worked. 

.(—Cost  of  labor,  transportation  and  supplies. 


PIC.    3 — A   GRAVEL  THAWING   INSTALLATION 

Operating  on  Bonanza  Creek,  ahead  of  dredge  "Yukon  No 

6— Cost  of  power  operation  and  maintenance. 

7— Quantity-,  nature  and  cost  of  removal  of  overburden 

^°''' 8— Proportions  of  gravel  to  be  treated  by  hydraulicking 
hill  claims,  ground  sluicing  bench  claims  and  dredging  river 
bottom  claims. 

9— Cost  of  thawing  glacial  frozen  gravel. 

10— Cost  of  thawing  plant,  operation,  fuel  and  main- 
tenance. 

II — Clear  titles.  .  »  t,   1^ 

12— Continuous  claim  dredging  permits  to  prevent  hold- 
ing back  of  dredging  operations.  . 

13-Kevstone  placer  drill  hole  tests  on  all  claims, 
ahead  of  the  dredges,  hydraulic  or  sluicing  flumes. 

All  of  the  above  having  been  worked  out  satisfac- 
torily, the  ground  was  prepared  for  the  dredges.     Fig.  3 


tipped  with  needle-like  points  and  slotted  to  permit  the 
steam  to  escape,  were  driven  into  the  frozen  ground 
and,  as  the  escaping  steam  thawed  the  gravel,  they  were 
pushed  on  in  until  bed  rock  was  reached.  This  was 
carried  on  over  an  extended  area  and 
the  plant  then  taken  up  and  moved  on 
ahead,  while  the  dredge  following 
close  behind,  worked  the  thawed  out 
ground.  Careful  records,  covering  a 
number  of  years,  placed  the  average 
thawing  costs  of  frozen  gravel  at  13 
cents  per  cubic  yard.  These  costs 
apply  to  operating  conditions  during 
the  years  from  1906  to  1914- 

At  about  the  same  time,  the  Cana- 
dian Klondyke  Mining  Company  with 
Mr.  Joseph  Boyle  as  general  manager, 
constructed  a  10  000  horse-power  hy- 
droelectric plant  near  the  North  Fork 
of   the   Klondyke   kiver   about  thirty 
miles  above  Dawson,  Figs.  4  and   5. 
A  ditch  about  five  miles  long,  which 
carries  the  water  to  the  penstocks  is 
equipped  with  electric  heaters  at  the 
intake   and   at  one  mile  intervals,   to 
thaw   out  the  anchor  ice  which  was 
l-.eld    suspended    in    the    flowing    water    at    the    be- 
ginning   and    end    of    each    dredging    season.     ^  The 
electrical  equipment  consists  of  two  3000  kv-a,  three- 
phase,  60  cycle,  2200  volt,  514  r.p.m.  revolving  field  al- 
ternators, direct  connected  to  5000  horse-power  reaction 
turbines,  which  operate  under  a  45°  foot  head.     There 
are  two  85  kw,  125  volt  exciters,  one  driven  by  a  motor 
cmd  the  other  by  a  30  inch  water  wheel ;  and  a  six-pnnel 
switchboard.     Two  banks  of   transformers,  each  con- 
sisting of  three  1250  k^a,  oil-insulated,  water-cooled 
units,  step  the  voUage  up  from  2300  to  33  000  voUs. 

At  Bear  Creek,  an  auxiliary  steam  turbine  station, 
consisting  of  a  500  kw  steam  turbogenerator  plant  at 


FIG.   4-NORTH    FORK    POWER    HOUSE   OF   THE   CANADIAN    KLONDYKE 
MINING   COMPANY 

shows  a  thawing  installation  ahead  of  the  dredges.  A 
net  work  of  pipes  supplied  with  steam  at  about  100 
pounds  pressure  is  constructed  with  downward  pipes 
at  frequent  intervals.     At  these  points,  lengths  of  pipe. 


j-IG.    5— INTERIOR  OF   NORTH   FORK  POWER   HOUSE 

-.-.oo  volts,  three-phase,  60  cycles  was  installed  to  fur- 
nish light  and  power  to  the  main  repair  shops  and 
works,  as  well  as  to  the  City  of  Dawson  during  the 
winter  months.  This  plant  also  served  as  a  means  of 
limbering  up  the  difTerent  dredges  each  spring  before 
the    water    power    plant    was    opened    up,    which    was 
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generally  in  the  month  of  April  or  May.  An  excep- 
tional run  of  weather  at  times  enables  the  water  plant 
to  operate  late  in  the  year.     Fig.  6  shows  one  of  their 


part  way  around  by  St.  Michaels.  It  was  placed  in  op- 
eration and  connected  by  a  40  mile  33  000  volt  trans- 
mission line  with  the  Dawson  systems.     After  an  in- 


FIG.    6 — ELECTRIC    DREDGE    IN    OPERATION    ON    CHRISTMAS    DAY,    I913 


large  steel  dredges  operating  at  Christmas  time  in  1913, 
at  30  degrees  below  zero. 

The  Canadian  Klondyke  Mining  Company  placed 
in  operation  four  electric  dredges,  three  of  which  were 
of  the  17  cu.  ft.  per  bucket  type  and  had  twice  the  ca- 
pacity of  the  Yukon  Gold  Company's  machines.  For  a 
number  of  years  the  power  plant  of  the  Canadian  Klon- 
dyke Mining  Company,  being  at  a  lower  level  than  the 
Twelve  Mile  plant,  could  start  earlier  and  run  later  in 
the  season,  and  having  a  larger  capacity,  carried  the  en- 
tire load  of  the  Yukon  Gold  Company,  the  city  of  Daw- 
son and  its  own  dredges,  the  systems  of  all  the  com- 
panies being  interconnected  at  Bear  Creek  Junction.  A 
third  company  which  came  into   the   field,   only  com- 


FIG.    7 — 10  000   HP   STEAM   TURBINE   PLANT,   COAL  CREEK,   ALASKA 

pleted  its  power  station  and  transmission  lines,  and  was 
forced  by  legal  and  other  complications  to  shut  down. 
However,  this  gives  an  idea  of  the  large  projects  en- 
tered into  and  risked  in  the  mining  game.  Locating  a 
coal  deposit  at  Coal  Creek,  about  60  miles  below  Daw- 
son, a  10  000  horse-power  steam  turbine  station  with  a 
13  mile  railroad,  boilers,  condensers,  coal  mining  ma- 
chinery and  all  modern  accessories  were  shipped  from 
England,  across  Mexico,  up  the  coast  to  Skagway  and 


vestment  of  nearly  $3000000  it  was  operated  only 
100  days,  due  to  legal  difficulties  and  the  lack  of  coal 
at  the  supposed  mine  at  Coal  Creek.  This  plant  is 
shown  in  Fig.  7.  Later  it  was  taken  down  piece  by 
piece  and  shipped  to  Japan  and  today  delivers  its  kilo- 
watts to  the  paper  mill  industry  of  that  enterprising 
country. 

The  type  of  electric  dredges  used  in  the  Yukon  dis- 
trict are  of  the  close-connected  bucket-type,  and  similar 
to  those  used  by  the  operators  in  the  Conrey  Placer 
Diggings  at  Ruby  and  Virginia  City  of  Montana  and 
the  Marj'sville  district  of  California.  The  Yukon  Gold 
Company  dredge  "Yukon  No.  5,"  and  the  Canadian 
Klondyke  Mining  Company  dredge,  "Canadian  No.  3," 
shown  in  Figs.  3  and  8  are  typical  examples  of  modem 


FIG.    8 — DREDGE  CANADIAN   NO.  3  IN  OPERATION 

electric  dredge  construction.     Their  general  description 
is  given  in  Table  I  :■ — 

TABLE  I— DREDGE  DATA 

YUKON   No.   5  CAN.\D1AN  No.  3 

Maker Bucyrus  Shovel  Co Marion  Shovel  Co. 

Hull Wood Steel 

Capacity 5000  cu.  yds.per  day.  .  .12000-16000  cu.  yds. 

Type Close   connected   bucket. Close  connected  bucket 

Power 400    volts,    three-phase,   2200  volts,  three-phase,  60- 

60-Cycles cycle 

Up.  of  motors Total.    305 Total,  1120 

l.eneth  ot  hull 98    feet 136  foet 

Width    of   water   line.  .38  feet 56  feet  6  inches 

Depth 8  feet  6  inches 14  ft.  bow.  12  ft.  6  in.  itira 

Draught 6   feet  9   inches 8  feet  6  inches 

Capacity  of  bucket.  .  .  7.5  cubic  feet 17    cubic    feet 
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Weight  of  bucket ....  1750   pounds 4600  pounds 

No.   in   line 70 68 

Digging  ladder SO   feet  long 97   feet  long 

Upper   tumbler 12  000  pounds  weight.  .  .  38  000  pounds  weight 

Lower   tumbler 8000   pounds 28  000  pounds 

Revolving  screen 6  feet  inside  diameter.  .  .  9  ft.  6  in.  inside  diameter 

Revolving  screen 20  000  pounds  weight.  .  .  126  000  pounds  weight 

Stack  ladder 89   feet    long 115   feet  long 

Conveyor  belt 32    inches   wide 48  in.  wide,  'J38  in.  long 

Steel  spud 24  by  36  inches 38  by  54in.  by  65  f t.  long 

Steel  spud 30  000  pounds  weight.  .  .  62  000  pounds  weight 


HG.   I) — HVim.\LHC    tiI.\.NlS    I.\'    Ol'ERATION 

On  the  property  of  The  Yukon  Gold  Company,  Lovett  Gulch. 

MOTOR  EQUIPMENT 
YUKON  No.  5  400  volts,   three-phase,    60-cycles 

100  hp Main   drive Variable  speed 580 

90  hp Sluice   pump ....  Constant  speed 850 

15  hp Prime  pump Constant  speed 850 

20  hp Winch Variable  speed 850 

50  hp Screen Constant  speed 514 

30   hp Stacker Constant  speed 850 

Total,  6  motors,  305  hp. 
CANADIAN  No.  3    2200  volts,  three-phase,   60-cycIes 

300  hp Main  drive Variable  speed 345 

200   hp Ladder  hoist.  .  .  .  Variable  speed 600 

150   hp Screen  drive.  .  .  .  Variable  speed 600 

150  hp 16  inch  pump.  .  .  .Constant  speed 600 

150  hp 14  inch  pump.  .  .  .Constant  speed 600 

35  hp 4   inch  pump Constant  speed 600 

50  hp Winch Variable  speed 600 

50  hp Stacker  drive .  .  .  .Constant  speed 600 

35   hp Stacker  hoist.  .  .  .Variable  speed 600 

Total,  9  motors.   1120  hp. 

TABLE  II— OPERATING  DATA  FROM  MAY  TO 
NOVEMBER  1914 

YUKON  No.  5  CANADIAN  No.  3 

Running  time 3189  hours 5745  hours 

Power  consumed 461  590  kw-hr 2  457  200  kw-hr. 

Ground  worked 801  667  cubic  yards-.  .  .  2  341  910  cubic  yards 

Total  operating  e-xpense*  .  .$34  227 $86  376 

Cost  per  cubic  yard*. .  . .  .4.28  cents 3.67  cents 


FIG.    10 — GROUND   SLUICING,  LOWER   DOMINION 

Some  interesting  figures  of  the  average  cost  for 
dredging  were  worked  out  in  detail  from  actual  op- 
erating figures  for  the  nine  dredges  of  the  Yukon  Gold 
Company,  as  given  in  Table  III. 

In  order  to  obtain  the  values  from  the  adjoining 
bench  and  hill  claims,  the  Yukon  Gold  Company  op- 
erated hydraulicking  plants  extensively  through  lo  and 


TABLE  III— OPERATING  DATA,  1914 

Indirect  Costs  Cents  per  cubic  yard 

Fixed   salaries    0.07 

Labor 2.51 

Fuel 0.05 

Shop  repairs 0.^3 

Material  and  supplies   1.86 

Power    1,28 

6.20  centB 

Direct  Costs 

Preliminary    1.66 

Bullion   charges    1.67 

General  charges    2.4  4 

Depreciation   1.67 

Insurance    0.13 

Assay   office    0.15 

Stables    0.23 

Company  telephone    0.03 

Miscellaneous   0.05 

Development   0.50 

Dredge  development    0.71 

9.24  cents 

Thawing 12.18  cents 

Total  cost  per  yard 27.62  cents 

Length  of  season,  148  days. 
Time  operated,  82.8  per  cent. 

Average  yield  per  cubic  yard 54.21  cents 

Average  cost  per  cubic  yard    2  7.62  cents 

15  inch  water  lines,  with  No.  i  giants  under  80  lbs. 
pressure  as  shown  in  Fig.  9,  and  ground  sluicing  from 
flumes  as  shown  in  Fig.  10,  the  debris  being  directed 
through  rififle  bottom  sluice  boxes  from  which  the  gold 
was  later  collected. 


..*;iMi 


FIG.    II — OAT    FIELD    ON    HUNKER    CREEK 

The  actual  operating  cost  for  electrical  dredging 
during  1912  was  9.6  cents  per  cu.  yd.  However  by  1914 
the  cost  had  been  reduced  to  7.6  cents,  showing  a  de- 
crease of  two  cents  per  cubic  yard. 

Though  actual  figures  to  date  are  not  available  in 
all  their  details,  it  can  be  safely  said  that  over  400 
million  dollars  worth  of  gold  have  been  taken  from 
these  Arctic  fields  and  the  difficulties  and  problems  in- 
volved have  been  overcome  by  scientific  and  practical 
study.  Alaska  today,  with  its  vast  unexplored  terri- 
tory and  its  wealth  of  gold,  copper  and  other  minerals, 
is  still  to  be  exploited.  Its  resources  are  unlimited,  and 
for  the  engineer  it  is  a  country  of  many  promises. 
The  photographs  of  the  Hunker  Creek  oat-field  Fig.  11, 
and  the  Bear  Creek  potato  field  Fig.  12  show  actual 
summer  crops  in  the  center  of  the  dredging  district. 
The  Alaska  grayling  and  salmon  are  always  to  be  had 
in  the  streams  and  large  herds  of  caribou  and  mjose 
and  many  bears  are  frequently  seen  within  a  few  miles 
of  the  larger  rivers. 
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The  railroad  transportation  over  the  coast  range  on  down  to  the  Tanana,  the  Iditarod,  Fairbanks,  Cor- 

th rough    the   wonderful    scenic   White    Pass,    Fig.    13,  dova   and   the  Copper  River,   Valdez,   Prince  William 

and   the  Yukon  boats  plying  down   the   Yukon   from  .Sound,  St.  Michaels  and  the  famous  beaches  at  Nome 

Wliite  Horse,  have  made  this  country'  one  of  the  com-  are    all    available    to    the    prospector    and    engineer. 


IIU.    12  -I'OT.MO    FIELD    .\T    UL.\R    CKEEK,    NEAR    D.\WSON 

ing  fields  of  the  world  for  development.  The  vast 
reaches  tributary  to  the  Yukon — the  Pelly  River  dis- 
trict, the  Atlin  and  Whitehorse  gold  fields,  the  upper 
and  lower  Porcupine,  the  far  away  MacKenzie  Land, 


FIG.    13 — THE    WHITE    PASS    SCENIC   RAILROAD 

Mystery  and  doubt  are  being  swept  away  by  the  prac- 
tical engineers  of  today.* 


*The  writer  is  indebted  to  the  Minister  of  the  Interior  of 
the  Dominion  of  Canada  for  written  permission  to  use  data 
and  cuts  in  this  article  from  his  official  publication.  "The 
Yukon  Territory,  Its  History  and  Resources." 


Lubrication  of  Steam  Turbine  Bearings 


H.    V.    SCHOEPFLIN 


For  the  proper  lubrication  of  the  various  bearings  of  a 
steam  turbine  unit,  it  is  vitally  necessary  that  a  continuous 
supply  of  clean  pure  oil  be  maintained  at  a  few  pounds  pres- 
sure, at  the  same  time  providing  efficient  means  for  carrjdng 
oft  the  heat  generated  in  the  bearings.  It  has  been  found  that 
one  of  the  most  satisfactory  methods  of  cooling  the  bearings 
is  to  cool  the  oil  itself  before  the  bearings  are  supplied,  the 
heat  generated  being  thus  transferred  to  the  oil,  which  is 
then  returned  to  the  system  and  recooled  before  it  again 
reaches  the  bearings.  In  order  to  prolong  the  life  of  the  oil, 
the  reservoir  which  contains  the  supply  must  be  of  ample 
capacity  so  that  the  oil  may  have  as  long  a  period  of  rest  as 
is  possible  between  the  times  of  actual  use  in  a  bearing.  By 
providing  a  strainer  in  the  discharge  line  from  the  bearings, 
to  remove  any  foreign  matter  from  the  oil  before  it  is  re- 
turned to  the  reservoir,  a  constant  supply  of  clean  lubricant 
is  assured,  although  occasional  filtering  is  necessary  to  remove 
impurities  which  pass  through  the  strainer.  In  some  of  the 
more  elaborate  oiling  systems  a  partial  filtration  system  has 
been  added,  providing  for  a  continuous  purification  of  a  small 
percentage  of  the  oil  actually  in  use,  which  small  amount  i? 
being  constantly  drawn  out  from  the  bottom  of  the  reservoir 
and  returned  to  the  system  after  it  passes  through  the  filter. 

The  oil  circulation  is  maintained  by  means  of  a  pump, 
which  is  positively  driven  from  the  governor  spindle  by  spur 
gearing,  the  governor  itself  being  worm  driven  by  the  turbine 
shaft.  In  order  that  the  oil  supply  may  be  maintained  when 
starting  or  stopping  the  turbine,  the  pump  is  supplemented  by 
an  auxiliary  pump,  which  is  usually  steam  driven.  The  pro- 
cedure when  starting  up  the  unit  is  first  to  start  up  the  aux- 
iliarj'  pump,  the  turbine  spindle  not  being  turned  over  until 
the  bearings  arc  flooded  with  oil ;  then,  when  the  turbine 
reaches  full  speed  and  the  main  pump  has  attained  full  capacity, 
the  auxiliary  is  shut  down,  and  the  main  pump  supplies  the 
system  as  long  as  the  turbine  is  running.  This  procedure  is, 
of   course,    reversed   when    shutting   down    the   imit. 


A  common  arrangement  of  cooling  system  in  general  use 
on  steam  turbine  units  of  modern  design  is  shown  in  Fig.  I. 
The  oil  is  pumped  from  the  reservoir  through  the  cooler, 
which  is  composed  of  a  nest  of  tubes,  to  the  bearings.  The 
cooling  water  is  forced  through  these  tubes  at  high  velocity 
and  the  oil  circulates  outside  the  tubes,  rapid  and  efficient 
cooling  being  thus  assured.  .After  being  discharged  from  the 
bearings  the  oil,  now  at  a  slightly  increased  temperature,  is 
carried  by  gravity  through  the  strainer  to  the  reservoir,  from 
where  it  is  again  pumped  through  the  complete  cycle  repeatedly. 

Bcanng  Oil  Supply 


O1I  Dochorcc  from  Bearings 


FIG.    I — OIL    COOLING    SYSTEM 


Where  the  governor  valves  of  the  turbine  are  operated  by  an 
oil  relay  system,  it  is  necessary  to  provide  oil  at  a  fairly  high 
pressure  for  use  in  the  operating  mechanism,  and  the  pump 
must  consequently  be  designed  for  the  higher  pressure.  In 
such  cases  the  oil  is  first  pumped  into  a  surge  tank,  where  the 
proper  pressure  for  supplying  the  valve  operating  mechanism 
is  maintained  by  means  of  a  spring  loaded  relief  valve.  The 
discharged  oil,  together  with  that  escaping  from  the  surge 
tank  through  the  relief  valve,  passes  through  the  cooler  and 
thence  to  the  bearings.  Otherwise,  the  oiling  system  is  identi- 
cal with  that  first  described. 
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Teclmlcal  3tory  of  the  Synchrojioiis 

B.  G.  Lamme 

Chief  Engineer, 

Westinghouse  Electric  &  Mfg.  Co. 


THE  THREE-WIRE  CONVERTER 

In  1897,  while  studying  some  of  the  conditions  oc- 
curring in  synchronous  converters,  the  writer,  dis- 
covered certain  curious  characteristics.  If  one  lead  of 
a  circuit  were  connected  to  one  of  the  direct-current 
brush  arms  of  a  converter,  while  the  other  lead  was  con- 
nected to  one  of  the  collector  rings,  a  pulsating  unidi- 
rectional e.m.f.  could  be  obtained,  varying  from  zero 
to  a  maximum.  This  is  illustrated  in  curve  /,  Fig.  2. 
The  writer  in  his  study  assumed  the  case  where  one 
terminal,  instead  of  being  connected  to  the  collector 
ring,  or  transformer  terminal,  would  be  connected  to  the 
secondary  of  the  transformer  some  distance  in  from  the 
terminal.  It  developed  that  this  would  also  give  a  pul- 
sating unidirectional  e.m.f.,  as  in  the  former  case,  but 
with  lower  peak  value.  This  is  indicated  in  curve  2, 
Fig.  2.  Of  course,  the  next  step  was  to  move  still 
further  in  on  the  transformer,  giving  conditions  as  in 


PrLSATING    UNDIRECTIONAL   E.    M.    F.    BETWEEN    A   BRUSH    ARM    AND 
A  TRANSFORMER   TAP 

curve  5.  From  this,  it  was  inferred  that  if  the  terminal 
were  moved  to  the  middle  of  the  step-down  transformer 
coil,  then  the  resulting  e.m.f.  would  be  constant  in  value 
and  of  half  the  value  of  the  direct-current  e.m.f.  of  the 
converter  itself.  In  other  words,  this  tap  at  the  middle 
of  the  transformer  secondary  would  give  an  intermedi- 
ate voltage  between  the  two  direct-current  brushes ;  that 
is,  it  constituted  a  three-wire  machine.  On  the  heels 
of  this  discovery,  a  proposition  came  up  where  a  cus- 
tomer wanted  a  three-wire  system  supplied  by  60  cycle 
converters.  The  writer  proposed  the  use  of  a  standard 
two-  phase,  60  cycle,  converter,  but  gave  no  explanation 
of  the  method  by  which  it  was  intended  to  obtain  the 
mid-voltage.  This  method  of  suplying  three-wire  sys- 
tems was  used  quite  extensively  in  the  following  years. 

THE  INVERTED  CONVERTER 

As  early  as  1895,  '^  converter  operating  invented  in 
connection  with  other  apparatus  on  test  suddenly 
speeded  up,  and  before  anything  could  be  done,  the 
armature    windings    burst.     This    was    blamed    on    the 


carelessness  of  the  tester,  in  accidentally  weakening  or 
opening  the  field  circuit.  However,  some  months  after 
this,  a  converter  of  fairly  large  capacity  was  installed  in 
the  company's  power  plant,  tying  the  alternating-current 
and  direct-current  power  systems  together.  After  this 
machine  was  installed,  the  switchboard  operator  noted 
that  the  alternating-current  load  on  the  plant  had  fallen 
to  a  point  where  the  converter  could  carry  it  all  and 
therefore  he  decided  to  cut  out  the  alternating-current 
generators  and  carry  all  his  alternating-current  load 
through  the  converter.  It  so  happened  that  this  load 
consisted  of  magnetizing  current  for  induction  motors 
which  were  running  empty.  The  moment  the  operator 
transferred  this  load  to  the  converter,  the  latter  speeded 
up  so  quickly  that  it  burst  the  armature  windings  be- 
fore the  operator  could  reach  any  disconnecting 
switches.  The  writer  was  called  in  and  as  soon  as  he 
heard  the  facts,  the  explanation  was  simple  enough  and 
he  stated  that,  of  course,  the  converter  would  run  away, 
for  the  wattless  current  in  the  armature  would  have  a 
demagnetizing  effect,  just  as  in  an  alternating-current 
generator,  and  therefore  the  converter  had  "killed"  its 
own  field.  He  was  then  asked  what  remedy  could  be  ap- 
plied to  avoid  future  trouble.  He  said,  offhand,  that 
as  the  converter  ran  away,  the  remedy  should  be  one 
depending  upon  change  in  speed.  He  suggested  that 
the  converter  be  separately  excited  from  a  small  gen- 
erator driven  in  such  a  way  that  the  exciting  generator 
would  speed  up  directly  with  the  converter,  and  thus 
furnish  increased  excitation  with  increase  in  speed.  A 
set  of  this  description  was  soon  "rigged  up"  and  after- 
wards operated  in  connection  with  this  converter  with 
entire  success  and  the  trouble  was  never  repeated  in  this 
I'lant.  The  exciters  for  inverted  converters  were 
usually  direct  coupled ;  that  is,  placed  directly  on  a  shaft 
extension  of  the  converter  itself.  This  use  of  a  sepa- 
rate exciter  was  later  adopted  by  other  companies  and 
is  used  today  where  inverted  operation,  with  highlv  in- 
ductive loads,  is  one  of  the  requirements. 

VOLTAGE  REGULATION  OF  CONVERTERS 

After  synchronous  converters  had  become  accepted 
practice,  it  was  found  necessary^  to  develop  some  means 
for  varying  the  voltage  of  the  direct-current  for  rail- 
way work,  and  for  other  kinds  of  service,  such  as  :hree- 
wire  systems.  It  was  recognized  that  the  most  effec- 
tive method  of  regulating  the  direct-current  voltage  in 
synchronous  converters  was  by  varying  the  alternatmg- 
current  voltage  supplied.  This  led  to  the  application  of 
"step-by-step"  voltage  regulators,  and  later  to  the  use  of 
"induction  type"  regulators.  About  1894.  Mr.  C.  F. 
Scott  proposed  that  the  alternating;-  current  \oltage  rup- 
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plied  be  boosted  proportionally  to  the  load,  by  means 
of  a  small  alternating-current  generator  on  the  shaft  of 
the  converter,  the  field  of  which  would  be  excited  by  the 
direct-current  from  the  converter  itself.  In  this  way, 
?t  true  compounding  action  could  be  obtained.  This 
scheme  contained  the  essential  elements  of  a  later  de- 
velopment which  eventually  eliminated  the  induction 
regulator,  as  far  as  converters  were  concerned. 

Previous  to  1906,  the  British  Westinghouse  Company 
had  built  converters  with  small  alternating-current  gen- 
erators (or  synchronous  boosters,  as  they  are  now 
called)  connected  to  the  alternating-current  side,  .<'uch 
boosters  being  separately,  instead  of  series  excited. 
They  thus  differed  from  the  above  scheme  only  in  the 
method  of  excitation.  In  1906  the  American  Westing- 
house  company  built  a  500  kw  converter,  along  the  same 
lines,  for  the  Carnegie  Steel  Co.  This  type  was  also 
suggested  to  the  engineers  of  the  New  York  Edison 
Company  as  an  alternative  to  the  induction  regulator 
scheme.  Its  possibilities  so  appealed  to  them  that  they 
placed  an  order  for  a  comparatively  large  machine. 
Records  indicate  that  this  was  the  first  synchronous 
booster  converter  put  into  service  in  this  country. 

About  1907,  the  General  Electric  Co.  brought  out 
the  so-called  "split-pole"  converter,  in  which  the  ratio 
of  the  alternating  to  the  direct-current  voltages  of  the 
converter  itself  was  varied  by  changing  the  field  flux 
distribution.  The  split-pole  arrangement  required  no 
auxiliary  machine,  but  on  the  other  hand,  it  was  in- 
herently larger  than  the  booster  type,  and  it  was  not 
well  adapted  for  certain  conditions  of  operations. 
There  were  points  in  favor  of  each  type  of  machine, 
but  with  the  coming  of  the  commutating-pole  construc- 
tion, the  synchronous  booster  type  presented  very 
material  advantages,  as  the  regulating-pole  type  of  con- 
verter became  unduly  complicated  with  the  addition  of 
commutating  poles,  or  their  equivalent. 

The  synchronous  booster  had  the  alternating-cur- 
rent regulating  generator  connected  between  the  collec- 
tor rings  and  the  armature  winding  of  the  converter. 
Thus  the  booster  was  necessarily  of  the  rotating  arma- 
ture type,  with  a  stationary  field,  just  like  the  converter 
itself.  Apparently  compactness,  general  simplicity  and 
neatness  of  appearance  had  much  to  do  with  the  adop- 
tion of  this  arrangement  as  a  general  standard. 

However,  it  must  not  be  overlooked  that  other 
methods  for  varying  the  direct-current  e.m.f.  of  con- 
verters had  been  proposed  and  used  quite  extensively. 
The  principal  one  of  these  had  been  used  for  a  great 
many  years  in  compounding  converters  for  railway  ser- 
vice. From  the  very  first,  it  was  recognized  that  the 
power-factor  of  the  alternating-current  input  to  the 
converter  could  be  controlled  by  varying  the  excitation 
of  the  synchronous  converter  field.  It  was  also  known, 
that  the  power-factor  of  the  current  in  a  transmission 
.«;ystem  had  a  direct  influence  on  the  voltage  regulation 
at  the  end  of  the  transmission  line.  With  these  two 
facts  put  together,  the  conclusion  was  reached  that  if  a 
converter  was  given  increased  excitation,  with  increase 


in  load,  for  the  purpose  of  changing  the  power- factor, 
the  effect  of  the  improved  power-factor  would  be  to 
give  a  more  uniform  or  even  a  rising  voltage  at  the 
point  where  the  load  is  taken  off.  Therefore,  with 
this  in  view,  the  writer  suggested,  very  early  in  the 
work,  that  converters  should  be  compounded  for  the 
purpose  of  maintaining  more  uniform  voltage.  Inde- 
pendently, Mr.  R.  D.  Mershon  went  a  step  further  and 
proposed  the  use  of  additional  reactance  in  the  trans- 
mission line,  in  order  that  the  change  in  power-factor 
could  produce  a  still  greater  range  in  voltage.  Eventu- 
ally, this  arrangement  narrowed  down  to  the  use  of  re- 
actance on  the  alternating-current  side  of  the  converter 
for  compounding  purposes. 

FURTHER  60  CYCLE  DEVELOPMENTS 

The  introduction  of  the  turbo-generator  repre- 
sented considerable  improvement  in  the  operation  of 
converters.  However,  the  most  serious  limitation  was 
in  the  small  pole  pitch  and  the  small  distance  between 
neutral  points,  as  explained  before.  There  had  been 
considerable  development  in  armature  and  commutator 
construction,  and  finally  the  writer  urged  a  radical  step 
m  the  60  cycle  converter  development  in  the  way  of  ma- 
terially increasing  the  peripheral  speeds  of  both  the 
armature  and  the  commutator.  According  to  his 
analysis,  a  25  percent  increase  in  the  pole  pitch  would 
work  wonders,  for  all  this  increase,  with  a  given  inter- 
polar  space  for  good  commutation,  would  appear  as  in- 
creased pole  width.  For  instance,  with  an  interpolar 
space  six  inches  wide  for  good  commutation,  and  the 
pole  itself  six  inches  wide,  making  a  pole  pitch  of  twelve 
mches,  a  25  percent  increase  in  pole  pitch  would  mean 
that  the  pole  could  be  increased  to  nine  inches  in  width 
or  would  be  50  percent  wider  than  before.  This  would 
represent  a  very  big  improvement  in  the  magnetic  con- 
ditions, reducing  the  maximum  voltage  per  bar  very 
greatly.  Also  a  25  percent  increase  in  commutator 
peripheral  speed  would  allow  a  corresponding  increase 
in  the  number  of  commutator  bars  per  pole,  thus 
further  reducing  the  volts  per  bar.  These  radical  steps 
were  taken  and  this  development  probably  represented 
the  greatest  single  advance  in  the  60  cycle  synchronous 
converter  design.  However,  it  took  one  more  impor- 
tant step  to  bring  the  two  frequencies  more  nearly  to- 
gether. 

COMMUTATING    POLES    IN    C0N\fERTERS 

This  next  step  consisted  in  the  introduction  of  com- 
mutating poles.  This  construction  had  been  developing 
for  a  number  of  years  in  direct-current  generators  and 
motors  and  in  railway  motors,  but  up  to  the  period  of 
1910  to  1912,  converters  had  been  practically  exempt. 
There  was  a  good  reason  for  this,  however.  In  the 
direct-current  machine,  commutation  was  a  more  .-seri- 
ous limitation  than  in  the  converter,  for  the  large,  low- 
speed  converters  of  that  time,  in  general,  had  extremely 
good  commutating  characteristics.  However,  the  real 
field  for  commutating  poles  was  found  when  synchron- 
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ous  converter  speeds  were  so  increased  that  commuta- 
tion became  a  true  limitation. 

Both  25  and  60  cycle  converters  shared  in  this  in- 
crease in  speeds.  The  larger  25  cycle  machines  had 
their  speeds  doubled  in  a  number  of  cases,  by  halving 
the  number  of  poles.  In  the  smaller  25  cycle  machines, 
this  could  not  be  done  because  the  number  of  pcles 
was  already  as  small  as  could  be  made,  practically. 
Consequently,  the  smaller  25  cycle  converters  did  not 
share  to  any  extent,  in  the  decreased  size  and  cost  and 
in  the  improved  performance  of  the  larger  machines. 

In  the  60  cycle  development,  however,  all  the  ma- 
chines, from  the  smallest  to  the  largest,  had  a  relatively 
large  number  of  poles  and  thus  there  could  be  a  ma- 
terial decrease  in  the  number  of  poles  with  correspond- 
ingly increased  speeds,  improved  performance  and  de- 
creased size  and  cost.  The  improvement  in  perfoim- 
ance  of  the  60  cycle  machines  was  considerably  greater 
than  on  the  25  cycle.  In  the  former  25  cycle  converter, 
the  iron  loss  was  a  relatively  small  proportion  of  the 
total  losses,  usually  being  less  than  the  armature  copper 
loss.  Increase  in  speed  represented  a  decrease  in  both 
iron  and  copper  loss.  In  the  60  cycle  machines,  how- 
ever, the  iron  loss  in  the  older  machines  was  relatively 
high,  being  sometimes  from  five  to  ten  times  as  great 
as  the  armature  copper  loss.  Doubling  the  speed,  for 
instance,  reduced  this  iron  loss  practically  one-half.  In 
consequence,  the  60  cycle  machine  was  improved  in  effi- 
ciency to  a  greater  extent  than  the  25  cycle,  and  was 
brought  so  close  to  that  of  the  lower  frequency  machine 
that  it  became  seriously  competitive,  especially  when 
transformer  efficiencies  were  also  included.  The  de- 
crease in  cost  of  the  60  cycle  machines  was  also  appar- 
ently greater  than  in  the  25  cycle  machine,  and  this  also 
brought  them  closer  together.  In  fact,  the  gain  in  cost 
and  performance  in  the  small  60  cycle  machines  was 
enough  to  make  them  more  than  competitive  with  the 
corresponding  25  cycle  machines,  so  that  they  have 
practically  succeeded  in  driving  the  small  25  cycle  con- 
verters out  of  the  market.  Thus,  due  to  improvements 
in  generating  or  supply  conditions,  certain  radical 
changes  in  design,  and  the  addition  of  commutatmg 
poles,  the  60  cycle  converter  has  changed,  from  what 
was  considered  a  questionable  machine,  to  a  most  seri- 
ous competitor  of  the  25  cycle  line.  With  the  develop- 
ment of  complete  cage  types  of  dampers,  very  much 
like  those  in  the  secondaries  of  cage-type  induction  mo- 
tors, both  25  and  60  cycle  damping  conditions  were  im- 
proved, but  the  60  cycle  were  improved  much  more  than 
the  25  cycle.  This  was  therefore  another  step  in  ad- 
vance. 

STARTING  OF  SYNCHRONOUS  CONVERTERS 

There  is  another  part  of  the  synchronous  converter 
story,  which  has  hardly  been  touched  upon.  One 
method  of  starting,  namely,  that  used  on  the  Chicago 
World's  Fair  exhibition  machines,  has  already  been  re- 
ferred to.  This  consisted  in  the  application  of  rela- 
tively low  voltage  to  the  collector  rings,  and  bringing 


the  machine  up  to  synchronous  speed,  after  which  it 
was  transferred  to  full  supply  voltage.  This  method 
was  practically  the  same  as  present  day  practice,  ex- 
cept that  the  starting  device  was  more  complex,  having 
several  steps,  whereas  at  present,  rarely  more  than  two 
steps  are  used,  a  starting  and  full  running  position. 
This  early  method  was  not  considered  practicable,  the 
"pull"  on  the  supply  system  was  thought  to  be  excessive. 
Voltage  regulation  in  those  days  was  entirely  by  h:md 
and  small  generating  plants  were  in  use.  At  present 
vi^ith  larger  plants  in  use,  a  converter,  even  of  the  largest 
commercial  size,  represents  only  a  small  percentage  of 
the  power  plant  capacity. 

To  overcome  the  difficulties  in  starting  the  conver- 
ter on  alternating-current,  several  methods  were  de- 
vised and  used  quite  extensively.  In  1895,  the  Westing- 
house  company  began  using  induction  motors  for  start- 
ing converters.  The  first  time  that  this  method  was  put 
into  service  was  on  a  500  kw  converter  of  the  Niagara 
Falls  Power  Co.  A  six-pole  induction  motor  was  direct 
connected  to  the  shaft  of  the  converter  for  bringing  it 
up  to  speed.  It  was  thought  that  the  problem  of  start- 
ing from  rest  and  speeding  up  was  the  serious  one,  and 
that,  as  synchronous  speed  was  approached,  the  current 
"pull"  would  not  be  serious.  However,  actual  opera- 
tion indicated  that  the  starting  motor  should  be  able  to 
pull  the  converter  up  to  true  synchronism.  In  conse- 
quence, on  later  designs,  starting  motors  were  installed 
which  could  accomplish  this  result.  This  was  done  by 
making  the  starting  motor  with  two  less  poles  than  the 
converter  itself,  so  that  the  synchronous  speed  of  the 
starting  motor  was  higher  than  that  of  the  conveiter. 

Various  methods  were  adopted  for  bringing  the 
converter  to  exact  synchronous  speed  and  holding  it 
there  long  enough  to  allow  connection  to  the  line  v.ith- 
out  disturbance.  In  some  cases,  the  no-load  losse*  in 
the  converter,  when  excited  to  normal  voltage  were 
sufficient  to  give  load  enough  on  the  induction  motor  to 
hold  the  converter  at  approximately  its  synchronous 
speed.  However,  it  was  an  unusual  case  when  this 
came  exactly  right.  The  starting  motor  had  to  meet 
two  conditions,  namely,  it  had  to  have  enough  torque  at 
standstill  to  overcome  the  friction-of-rest  of  the  con- 
verter. Second,  it  had  to  develop  just  enough  torque 
at  the  synchronous  speed  of  the  converter  to  hold  a  rea- 
sonably constant  speed.  Frequently,  it  was  impossible 
to  get  a  speed-torque  curve  of  the  induction  motor, 
v.'hich  would  meet  these  conditions,  without  the  aid  of 
auxiliary  appliances.  For  instance,  with  a  six-pole 
converter  and  a  four-pole  starting  motor,  the  motor  had 
to  run  33  1/3  percent  slip,  for  synchronizing  the  con- 
verter. Even  with  a  straight  line  speed-torque  curve, 
this  meant  that  the  starting  torque  could  be  only  three 
times  the  synchronizing  torque,  and  in  many  cases,  this 
was  not  sufficient  to  overcome  the  friction  at  start.  By 
supplying  higher  voltage  to  the  starting  motor,  a  higher 
starting  torque  could  be  obtained,  but  the  torque  at 
two-thirds  speed  would  be  increased  correspondingly, 
anfl    consequentlv,    the    converter    would    reach    stable 
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speed  at  some  point  considerably  above  that  required 
for  synchronizing.  One  remedy  for  this  in  some  cases 
was  to  greatly  overexcite  the  converter,  increasing  its 
no-load  losses  and  thus  increasing  the  slip  of  the  start- 
ing motor.  This,  however,  meant  synchronizing  with 
the  line  at  considerable  over-voltage.  A  second  way 
was  to  connect  a  small  resistance  load  across  the  direct- 
current  end  of  the  converter,  thus  pulling  down  its 
speed  the  required  amount.  Another  way  was  to  con- 
nect a  transformer,  with  a  cast-iron  core,  across  the  al- 
ternating-current side  of  the  converter.  All  of  these 
methods  had  to  do  with  starting  motors  with  cage  sec- 
ondary windings.  In  some  cases,  starting  motors  with 
wound  rotors  and  regulating  resistances  were  used,  but 
this  scheme  in  general,  was  not  used. 

Synchronizing  difficulty  generally  occurred  only 
with  converters  having  six  poles.  With  eight-pole  con- 
verters and  six-pole  starting  motors,  the  conditions  were 
much  more  satisfactory.  In  general,  the  higher  the 
number  of  poles  the  easier  it  was  to  get  good  synchron- 
izing conditions.  However,  this  method' of  starting  did 
not  apply  at  all  to  four-pole  converters,  for  this  mrant 
two-pole  starting  motors  and  the  conditions  for  syn- 
chronizing would  have  been  very  difficult.  In  the  later 
years  of  the  starting  motor  method,  commutator-type 
smgle-phase  series  motors  were  used  in  some  cases,  with 
means  for  adjusting  their  speed.  These  could  be  u.'^ed 
with  four-pole  converters,  and  therefore  were  of  espe- 
cial advantage  with  the  smaller  25  cycle  converters. 

The  disadvantage  of  the  motor  method  of  starling 
was  that  the  converters  had  to  be  synchronized.  One 
advantage  was  that  the  polarity  of  the  converters  always 
came  right.  However,  the  objections  to  .synchronizing 
were  considered  as  serious  and  eventually  the  method 
was  abandoned,  except  in  special  cases. 

A  second  method  of  starting  consisted  in  bringing 
the  converter  up  to  speed  by  means  of  direct-current. 
However,  in  railway  work,  the  direct-current  voltage 
supply  often  was  so  variable  that  it  was  difficult  to 
hold  the  converters  anywhere  near  constant  speed.  To 
over  come  this  difficulty,  in  some  cases  the  converter 
was  brought  slightly  above  synchronism  by  direct  cur- 
rent, disconnected  from  the  direct-current  system  and 
then  switched  over  to  the  alternating-current  system  as 
it  dropped  through  synchronism. 

A  third  method  consisted  in  the  use  of  special 
sources  of  direct-current  supply,  such  as  motor-gener- 
ators or  storage  batteries.  The  source  of  supply,  being 
of  practically  constant  voltage,  there  was  no  difficulty 
in  holding  reasonably  constant  speed  at  synchronism. 
This  scheme  required  synchronizing  devices  just  like 
the  starting  motor  scheme,  and  moreover,  the  synchron- 
ous converters  caane  up  with  the  right  polarity.  Where 
there  were  a  number  of  converters  in  one  station  the 
cost  of  the  motor-generator  set,  or  other  means  for  get- 
ting a  constant  voltage  supply,  was  often-times  no 
greater  than  that  of  starting  motors  on  each  converter. 

In  starting  synchronous  converters  on  direct-cur- 
rent, there  was  one  condition  which  was  sometimes  en- 


countered, which  was  a  source  of  more  or  less  trouble. 
In  some  instances,  the  step-down  transformers  were 
connected  permanently  to  the  collector  rings  of  the  con- 
verter without  switches,  all  switching  being  done  on  the 
high-tension  side  of  the  transformers.  In  such  cases, 
the  low-tension,  or  secondary  windings  of  the  trans- 
formers were  liable  to  form  more  or  less  complete  siiort- 
circuits  across  the  direct-current  brushes  of  the  con- 
verter, depending  upon  how  the  collector  rings  were 
connected  to  the  winding.  In  two-phase  machines, 
Vv'ith  taps  at  180  degree  points  on  the  winding,  it  is 
obvious  that  with  these  taps  in  line  with  the  brushes,  the 
direct-current  supplied  for  starting  could  go,  to  a  great 
extent,  through  the  transformer,  instead  of  the  con- 
verter windings.  In  such  cases,  the  converter  was 
liable  not  lo  start.  With  six-phase  converters  with 
diametral  connections,  the  same  conditions  held.  In 
consequence,  with  such  connections,  it  was  sometimes 
necessary  to  help  start  the  converter  by  mechanical 
means.  Of  course,  when  once  in  motion,  the  current 
into  the  transformer  immediately  decreased.  In  six- 
phase  machines  with  direct-current  starting,  double- 
delta  connection  to  the  transformers  was  generally  used 
to  prevent  severe  short-circuiting  of  this  nature.  In 
three-phase  machines,  dead  short-circuits  by  the  trans- 
formers were  not  possible,  for  there  were  no  taps  across 
a  diameter,  and  always  part  of  the  armature  winding 
had  to  be  in  circuit.  Double-delta  connection  with  six- 
phase  is,  of  course,  the  equivalent  of  three  phase,  with 
respect  to  short-circuiting. 

However,  even  with  three-phase  converters,  the 
short-circuiting  effect  of  the  transformers  with  this  ar- 
rangement was  very  considerable.  For  instance,  with 
the  1500  kw  converters  for  the  Manhattan  Elevated,  mo- 
tor-generators of  50  kw  capacity  were  provided  for 
starting  the  converters.  On  test,  these  starting  sets 
were  ample  for  starting  the  converters,  but  here  the 
lowering  transformers  were  not  connected  to  the  con- 
verters. When  installed  in  their  substations,  however, 
it  was  found  that  these  50  kw  units  were  very  heavily 
overloaded  at  times  in  starting  the  converters,  due  to 
the  short-circuiting  action  of  the  transformers.  Tests 
were  made  to  determine  what  influence  the  position  of 
the  collector  taps  had  on  the  starting  torque  and  cur- 
rent, and  it  was  found  that,  as  far  as  the  synchronous 
converter  was  concerned,  its  torque  varied  over  a  wMde 
range  depending  upon  the  position  of  the  taps,  and  in 
all  cases,  it  was  considerably  lower  than  when  no  trans- 
formers were  connected. 

However,  years  ago,  the  present  method  of  direct 
starting  by  alternating-current  supplied  to  the  collector 
rings  was  used,  first  on  a  small  scale  and  afterwards  on 
large  machines,  because  it  represented,  a  cheaper  and 
somewhat  more  convenient  method  than  any  of  the 
others.  At  first,  this  method  of  starting,  was  con- 
sidered as  more  or  less  of  a  hardship,  as  far  as  the 
supply  system  was  concerned,  but  with  the  development 
of  voltage  regulator  for  the  supply  generators,  this 
method  made  greater  headway. 
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As  the  power  systems  grew  in  capacity  and  in  size 
of  units,  they  presented  easier  and  easier  conditions  as 
far  as  converter  starting  was  concerned,  and  therefi-'re, 
this  method  came  into  greater  use  until  it  practically  su- 
perseded all  others.  This  method  has  the  advantage 
tliat  synchronizing  apparatus  is  not  needed  and,  while 
the  wrong  direct-current  polarity  may  be  obtained,  yet 
by  slipping  a  pole  this  can  be  corrected  very  easily. 

In  some  cases  in  recent  years,  a  combination  of  the 
motor  starting  method  and  the  direct  alternating-cur- 
rent method  has  been  used.  In  this  special  method,  the 
supply  current  is  fed  through  the  primary  winding  of  a 
starting  motor  and  then  to  the  synchronous  converter 
armature.  The  starting  motor  is  thus  in  series  with  the 
synchronous  converter  and,  at  start  and  during  accel- 
eration, a  relatively  small  current  flows  in  the  converter 
armature,  but  this  current  is  large  enough  to  produce  a 
quite  heavy  torque  in  tlie  starting  motor.  The  small 
current  in  the  armature  of  the  converter  is  insufficient 
to  reverse  the  polarity  of  the  synchronous  converter 
field,  so  that  as  the  machine  comes  up  to  speed,  it  ex- 
cites itself  with  its  normal  polarity,  and  when  synchion- 
ism  is  reached  all  that  is  necessary  is  to  short-circuit  the 
induction  motor. 

COMMUTATION 

The  problem  of  commutation  was  never  very  seri- 
ous in  the  synchronous  converter  except  in  some  of  the 
later  synchronous  booster  types  where  special  conditions 
are  found. 

One  reason  why  the  commutation  on  the  synchron- 
ous converter  has  been  a  simpler  problem  than  on  the 
direct-current  generator  is  that  the  magnetomotive  fc  rce 
of  the  armature  is  relatively  small,  being  the  resultant 
of  the  alternating  and  direct-currents  in  the  armattre. 
whose  magnetomotive  forces  are  in  opposition.  Thus 
at  lOO  percent  power- factor,  the  resultant  m.m.f.  aver- 
ages only  about  15  percent  of  that  which  the  same  wind- 
ing would  give  as  a  direct-current  generator.  In  con- 
sequence, the  magnetic  field,  due  to  the  armature,  in 
which  the  commutating  coils  are  short-circuited,  is 
smaller  than  in  a  direct-current  machine,  and  converters 
without  commutating  poles  can  commutate  from  30  to 
50  percent  more  current  than  the  corresponding  diiect- 
current  machines. 

When  it  comes  to  flashing,  converters  have  often 
proved  to  be  more  sensitive  than  direct-current  ma- 
chines. There  have  been  several  reasons  for  this.  In 
the  first  place,  being  tied  to  an  alternating-current  sys- 
tem, the  converter,  on  a  direct-current  short-circuit, 
not  only  could  act  as  a  direct-current  machine,  but 
could  take  current  from  the  alternating-current  supply 
system,  thus  giving  a  very  high  peak  current.  In  the 
second  place,  on  a  sudden  application  of  heavy  load, 
cr  on  a  short-circuit,  part  of  the  current,  at  least,  is  due 
to  the  machine  acting  as  a  direct-current  generator  nnd, 
in  consequence,  the  armature  m.m.f.  is  increased  enor- 
mously over  that  as  a  converter.  Moreover,  under  this 
condition,  tests  have  shown  that  the  converter  may  tend 


to  hunt  badly  for  a  moment.  This  hunting  simply 
means  that  the  m.m.f.  of  the  armature  is  rising  to  a  re- 
latively high  value,  first  in  one  direction  and  then  in  the 
opposite  direction,  willi  accompanying  field  distoi-tion. 
This  explains  a  rather  curious  condition,  which  was 
roted  years  ago;  namely,  that  converters  frequently 
Hash  worse  after  the  direct-current  circuit  breaker  is 
opened  on  a  short-circuit,  than  they  do  at  the  moment 
of  application  of  the  load.  The  sudden  load  produces 
the  conditions  for  momentary  hunting,  but  very  often 
this  hunting  does  not  really  begin  until  the  circuit 
breaker  opens.  In  consequence,  any  flashing  due  to  the 
lumting  action  occurs  after  the  direct-current  circuit 
breaker  has  opened  and  the  apparent  cause  of  the  flash- 
ing has  been  removed. 

This  action  is  quite  clear  from  some  tests  made  to 
determine  the  eft'ect  of  opening  the  direct-current  cir- 
cuit breaker  when  a  converter  was  carrying  heavy  over- 
load. The  conditions  in  the  tests  were  such  that  hunt- 
ing could  readily  be  determined.  It  was  found  that 
hunting  began  the  moment  a  very  heavy  load  was 
opened  by  the  circuit  breaker  and,  on  a  well-damped 
converter  it  lasted  for  three  or  four  "beats"  approxi- 
mately. In  some  cases,  the  hunting  action  was  so  vio- 
lent that  there  was  great  tendency  to  flash  at  the  bru.shes 
during  this  period.  Obviously,  under  such  conditions, 
anything  that  would  lessen  the  hunting  tendency  would 
reduce  the  tendency  to  flash.  Proof  of  this  was  fur- 
nished in  a  curious  way  in  the  case  of  commutating-pole 
converters,  as  will  be  explained  later. 

With  commutating-pole  converters,  the  problem  of 
commutation  was  easier  than  on  direct-current  commu- 
tating-pole machines,  except  where  the  speeds  were  very 
ereatly  increased,  accompanying  the  addition  of  com- 
mutating poles.  Doubling  the  speed  made  the  commu- 
tating conditions  much  more  difficult  than  before  and  a 
condition  was  reached  where  commutating  poles  were  a 
real  necessity,  in  order  to  obtain  good  commutation,  as 
the  commutating  constants  were  about  twice  as  high  as 
in  the  former  non-commutating  machine. 

A  cuiious  situation  arose  in  connection  with  the 
early  application  of  commutating  poles  to  synchronous 
converters.  It  was  known  that,  in  direct-current  com- 
mutating-pole machines,  it  is  bad  practice  to  surround 
the  commutating-pole  with  any  closed  low  resistance 
electric  circuit,  as  this  acts  as  a  damping  circuit  to 
make  the  commutating-pole  flux  sluggish,  so  that  it  can- 
not follow  quick  changes  in  the  load.  It  was  thought 
that  similar  conditions  would  hold  in  the  synchronous 
converter.  In  consequence,  it  was  assumed  that  the 
copper  dampers  on  the  main  poles  of  the  synchronous 
converters  should  not  enclose  the  commutating-pcles. 
However,  later  actual  operating  conditions  indicated 
just  the  contrary.  In  one  case  where  a  number  of 
large  synchronous  converters  were  to  carry  300  percent 
short-time  loads,  there  was  bad  flashing  when  the  cir- 
cuit breakers  came  out.  The  service  engineer  then 
put  a  short-circuited  winding  on  the  commutating- 
poles,  as  an  experiment,  and  found  that  the  flashing  was 
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reduced.  Tests  were  then  made  with  full  cage  dampers 
on  the  poles  of  certain  converters,  these  dampers  neces- 
sarily completely  enclosing  the  commutating-poles. 
These  machines  flashed  to  a  less  extent  than  any  of  the 
others,  thus  showing  that  a  closed  circuit  around  the 
commutating-pole  was  an  advantage.  According  to  cal- 
culations, the  complete  cage  damper  had  about  twice 
the  damping  effect  of  other  types  of  dampers  and,  iff 
consequence,  the  hunting,  with  sudden  removal  of  load, 
was  much  diminished.  The  reduction  in  the  hunting 
tendency  apparently  more  than  counterbalanced  any  bad 
effect  of  the  low  resistance  circuits  around  the  commu- 
tating-poles. 

This  effect  of  the  complete  cage  damper  in  prevent- 
ing flashing  is  apparently  much  more  pronounced  in 
commutating-pole  machine  than  in  the  old  non-commu- 
tating-pole  type  for  the  following  reasons: — In 
the  commutating-pole  converter,  the  magnetomotive 
force  on  the  commutating-pole  winding  is  compara- 
tively small,  as  it  must  overcome  only  the  small  result- 
ant armature  reaction,  averaging  about  15  percent  of 
the  direct-current  plus  about  20  percent  commutating 
field.  This  winding  thus  is  made  about  35  percent  as 
strong  as  the  m.m.f.  of  the  armature  itself,  considered 
as  a  direct-current  machine.  The  corresponding  com- 
mutating-pole m.m.f.  of  a  direct-current  machine  could 
be  about  125  percent.  Thus  the  commutating-pole 
m.m.f.  of  the  average  converter  is  only  about  one-third 
that  of  a  corresponding  direct-current  generator.  Here 
is  a  source  of  possible  trouble;  for,  if  for  any  reason, 
such  as  hunting,  the  resultant  armature  m.m.f.  rises  to 
a  value  comparable  to  that  of  a  direct-current  machine, 
it  very  greatly  overpowers  the  commutating-pole  wind- 
ing, and  in  consequence,  magnetizes  in  the  opposite  di- 
rection through  a  good  magnetic  circuit.  The  commu- 
tating-pole flux  thus  may  not  only  be  reversed,  but  may 
rise  in  the  wrong  direction  to  a  value  which  will  give 
most  vicious  sparking,  thus  tending  to  produce  flash- 
ing. Thus,  when  a  commutating-pole  converter  hunts 
badly,  with  the  resultant  m.m.f.  rising  to  high  peak 
values,  there  is  a  tendency  to  flash  during  such  hunting. 
In  consequence,  anything  which  will  reduce  hunting  will 
lessen  this  flashing  condition.  Therefore,  the  complete 
cage  damper,  as  described  before,  with  its  ability  to  re- 
duce the  hunting  tendency,  has  been  quite  effective  in 
reducing  flashing. 

When  it  came  to  building  booster  converters 
capable  of  giving  a  fairly  wide  range  in  voltage,  a  new 
difficulty  was  encountered,  particularly  in  commutating- 
pole  machines.  An  analysis  of  the  armature  conditions 
showed  that,  under  different  loads  with  different 
"boosts"  and  "bucks",  the  resultant  armature  m.m.f.  is 
not  proportional  to  the  current  output  of  the  machine. 
In  consequence,  it  is  not  practicable  to  excite  the  com- 
mutating-poles in  series  with  the  leads  from  the  com- 
mutator, as  in  the  ordinary  converter.  Neither  will  a 
shunt  winding  or  direct  combination  of  series  and  shunt 
meet  the  required  conditions.  In  consequence,  it  has 
been  necessary  to  develop  special  regulating  methods 


for  exciting  the  commutating-pole  windings  for  the  syn- 
chronous booster  type  of  machine.  This  has  been  a 
difficult  problem,  but  eventually  practical  schemes  were 
developed  which  enabled  the  commutating-poles  to  be 
excited  to  a  suitable  value  at  all  times. 

COMMUTATORS,  BRUSH-HOLDERS  AND  BRUSHES 

From  the  standpoint  of  the  commutator  itself,  the 
greatest  development  in  recent  years  has  been  toward 
ngid  constructions  with  higher  peripheral  speeds. 
With  decrease  in  the  number  of  poles  and  increase  in 
the  revolutions  per  minute  for  a  given  output,  the  num- 
ber of  brush  arms  has  decreased,  the  diameters  of  the 
commutators  have  decreased  materially  and  the  lengths 
have  increased.  A  smaller  diameter,  with  a  higher 
peripheral  speed  and  a  greater  length,  means  a  more 
difficult  mechanical  construction,  and  this  has  been  one 
of  the  serious  problems  in  synchronous  converter  con- 
struction, the  currents  per  brush  arm  have  increased 
from  400  to  500  up  to  1500  amperes.  This  develop- 
ment has  been  accompanied  by  a  certain  amount  of  ser- 
vice trouble,  as  short-time  shop  tests  cannot  possibly 
bring  out  all  the  difficulties  nor  show  how  to  overcome 
them  permanently.  However,  enormous  progress  has 
been  made  in  this  matter  and,  presumably,  the  commu- 
tator situation  is  as  good  at  present  as  it  has  been  in  the 
past. 

As  to  direct-current  brushholders,  these  have  also 
gone  through  considerable  development.  In  the  early 
days,  the  problem  was  simpler  ttian  at  present.  In  the 
first  place,  with  lower  currents  per  brush  arm,  there 
were  fewer  brushes  per  arm  and  less  difficulty  in  ob- 
taining average  distribution  of  current  among  the 
brushes.  In  the  second  place,  brushes  of  somewhat 
lower  resistance  have  come  into  use  and  these  have 
made  the  problem  of  distribution  of  current  more  diffi- 
cult. In  the  third  place,  with  the  coming  of  commu- 
tating-poles there  has  been  the  necessity,  in  large  con- 
verters, for  the  development  of  brush  lifting  devices  in 
connection  with  bringing  the  converters  up  to  speed  by 
the  direct  application  of  alternating-current.  In  the 
old  non-commutating-pole  converters,  the  coils  short- 
circuited  by  brushes  were  located  in  a  relatively  large  in- 
terpolar  space,  with  no  iron  directly  over  them. 

In  starting  and  accelerating,  the  converter  armature 
is  simply  the  primary  element  of  an  induction  motor, 
the  field  structure  being  the  secondary.  A  rotating  or 
traveling  flux  is  set  up,  but  in  the  vicinity  of  the  coils 
short-circuited  by  the  commutator  brushes,  this  flu>  is 
of  quite  low  value  in  non-commutating-pole  machines 
due  to  there  being  no  iron  over  the  coils.  In  conse- 
quence, the  short-circuiting  effect  of  the  brushes  was 
not  seriously  harmful.  In  the  commutating-pole  ma- 
chine, however,  especially  in  large  sizes,  the  commutat- 
ing-pole itself,  during  starting,  furnishes  a  good  mag- 
netic path  directly  over  the  short-circuited  coils,  and  in 
consequence,  a  quite  heavy  flux  is  established  at  these 
points.  This  develops  large  e.m.f's.  in  the  short-cir- 
cuited coils,  with  consequent  heavy  sparking  during  ac- 
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celeration.  For  this  reason,  it  has  been  found  desirable 
to  install  brush-lifting  devices  to  take  care  of  starting. 
When  it  is  considered  what  a  large,  complex  structure 
the  brushholder  system  forms,  it  may  be  appreciiited 
that  this  brush-lifting  device  adds  very  considerable 
complication  which  has  been  one  of  the  difficult  prob- 
lems in  modern  design. 

COLLECTOR  RINGS  AND  BRUSHES 

Taking  up  next  the  question  of  collector  rings,  it 
would  appear,  offhand,  as  if  the  collector  rings  repre- 
sent a  comparatively  easy  problem.  But  in  fact,  it  has 
become  one  of  the  truly  difficult  problems  in  converter 
design,  especially  in  recent  years.  The  quantity  of  cur- 
rent to  be  handled  is  one  of  the  sources  of  trouble,  espe- 
cially in  the  modern  high-speed  machines.  When  one 
considers  that  the  total  current  to  be  handled  by  all  the 
collector  rings  is  practically  three  times  the  current  de- 
livered by  the  direct-current  end  (or  neglecting  effi- 
ciency, 2  X  1/^  X  d-c.)  one  can  appreciate  that  the 
problem  is  largely  one  of  quantity  of  current.  How- 
ever, the  commutator  handles  the  direct-current  twice, 
so  that  the  total  current  handled  by  all  the  collector 
rings  is  approximately  one  and  one-half  times  the  total 
handled  by  the  commutator.  It  is  this  heavy  current 
which  has  been  at  the  bottom  of  nearly  all  collector 
ring  difficulties  in  converters. 

Early  in  the  development,  converters  were  made 
either  two-phase  or  three-phase.  As  all  the  rings  are 
connected  to  one  common  winding,  two-phase  is  really 
four-phase  and,  therefore,  the  early  converters  were 
either  three-phase  or  four-phase.  In  the  earliest  cal- 
culations of  the  losses  in  synchronous  converters,  as  al- 
ready described,  the  three-phase  machine  showed  57 
percent  of  the  copper  losses  of  a  direct-current  arma- 
ture winding,  whereas  the  four-phase  showed  38  per- 
cent. Obviously,  the  losses  decreased  with  increase  in 
the  number  of  phases,  or  collector  rings.  Mr.  R.  D. 
Mershon  worked  this  out  at  a  very  early  date,  and  his 
calculations  showed  that  with  six-phase  the  losses  were 
about  26  percent  and  that,  with  enormous  further  in- 
crease in  the  number  of  collector  rings,  the  losses  would 
be  decreased  to  12  percent.  The  general  conclusion 
v/as  that  six  rings  represented  a  considerable  gain  over 
four  rings,  but  that  it  would  not  be  worth  while  to  go 
further.  Mr.  Mershon,  the  writer  believes,  was  the 
first  one  to  propose  the  use  of  six  collector  rings  for 
converter  work.  However,  this  suggestion  was  not 
adopted  until  later,  as  there  was  apparently  no  particu- 
lar advantage,  in  the  early  machines,  in  going  beyond 
three  or  four  rings. 

In  considering  the  collector  rings  themselves,  the 
earliest  types  were  entirely  enclosed  on  the  sides  by  the 
intervening  insulating  barriers,  and  therefore,  with  no 
ventilation  except  at  the  wearing  surface.  Copper  leaf 
brushes  were  used,  with  relatively  small  contact  drop, 
and  therefore  for  moderate  current  capacities  the  losses 
were  not  high.  However,  with  more  difficult  condi- 
tions, it  was  found  that  there  was  undue  heating  of  the 


rings  and  the  open  type  of  collector  was  developed  in 
which  the  rings  themselves  were  carried  on  open  rrms 
or  spokes,  so  that  the  air  could  circulate  freely.  This 
increased  the  carrying  capacity  of  the  rings  enormously. 
Several  leaf  brushes  were  used  on  each  ring,  as  it  was 
found  that  the  ordinary  brush  could  carry  only  about 
200  to  250  amperes  and  very  often  the  current  per  ring 
was  several  times  this. 

A  curious  thing  developed  early  in  this  work  in  re- 
gard to  collector  ring  "wear."  It  was  discovered  that  in 
some  cases  the  rings  would  get  "out  of  round"  in  a  pe- 
culiar way.  In  a  six-pole  machine,  there  would  be  three 
high  spots  and  three  low  spots  on  the  ring,  equidistantly 
spaced;  in  an  eight  pole  machine,  four  highs  and  four 
lows,  etc.  The  difficulty  was  not  due  to  actual  mechani- 
cal wear  of  the  collector  rings,  but  to  burning  under  the 
brushes.  It  was  recognized  in  a  general  way,  years  ago, 
that  a  current  passing  from  a  brush  to  a  commutator  or 
ring  in  motion  would  tend  to  burn  or  "eat"  away  the 
brush  surface,  but  not  burn  the  ring  to  any  extent ;  while 
in  passing  from  the  ring,  or  commutator,  to  the  brush, 
the  former  would  burn  but  not  the  latter.  In  the  com- 
mutator both  actions  take  place,  due  to  both  polarities 
being  on  the  same  commutator,  and,  therefore,  the  effect 
is  usually  not  noticeable.  However,  in  converter  collec- 
tors the  current  passes  alternately  in  each  direction  in 
the  rings,  but  assuming  a  single  brush  on  the  ring  the 
current  would  be  from  the  ring  io  the  brush  in  one  part 
of  the  ring,  representing  one  pole  arc,  and  would  be  in 
the  opposite  direction  in  the  part  representing  the  next 
pole  arc.  Consequently,  within  a  given  segment  or 
part,  the  current  is  always  in  a  given  direction  with  re- 
spect to  the  brush  and  the  ring.  In  consequence,  in  one 
segment  the  ring  would  tend  to  burn  away,  while  in  the 
next  segment  it  would  not.  Consequently,  if  there  were 
any  burning  of  the  rings,  they  would  tend  to  get  ou: 
of  round,  with  as  many  low  spots  as  there  are  pairs  of 
poles. 

In  some  of  the  early  converters,  in  laying  out  the 
brush  spacing,  accidentally  the  brushes  were  so  spaced, 
with  respect  to  the  rings  and  the  poles,  that  this  burn- 
ing action  was  accentuated,  while  in  other  machines,  the 
spacing  of  the  brushes  was  such  as  to  give  fairly  imi- 
form  burning  tendency  over  all  the  ring.  In  conse- 
quence, in  some  machines  the  rings  would  run  out  of 
true,  while  in  others  they  would  not.  As  soon  as  this 
became  of  sufficient  importance  to  attract  attention,  the 
difficulty  was  overcome  by  remodeling  the  brush  sup- 
ports and  respacing  the  brushes.  It  was  also  noted  that 
this  action  was  particularly  bad  with  very  high  current 
densities,  and  in  such  cases,  the  brush  capacity'  was  in- 
creased materially  to  lessen  this  effect. 

The  copper  leaf  brushes,  being  very  flexible,  could 
follow  quite  easily  any  slight  variations  out  of  true. 
Moreover,  with  low  contact  drop  and  the  good  ventila- 
tion of  the  open  construction,  the  rings  ran  at  relatively 
low  temperature.  Consequently,  undue  expansion  did 
not  come  in  as  a  factor,  as  has  proved  to  be  the  ca.-?e  in 
some  of  the  later  work.     However,  one  seriojj  objec- 
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tion  to  the  copper  brush  was  that  its  wear  resulted  in  a 
deposit  of  tine  copper  dust  and  considerable  attention 
was  required  to  keep  the  parts  clean.  However,  this 
method  of  operation  lasted  until  the  "metal  graphite" 
brush  came  into  use. 

Many  years  ago,  certain  brush  manufacturers  in 
Europe  produced  graphite  brushes  with  fine  metal  par- 
ticles in  them,  which  appeared  to  have  very  good  carry- 
ing qualities,  with  low  contact  resistance ;  this  latter  be- 
ing about  one-fifth  that  of  an  ordinary  carbon  brush. 
With  such  brushes  available,  the  manufacturers  of  syn- 
chronous converters  undertook  to  use  them  on  collec- 
tor rings  to  overcome  the  objectionable  features  of  the 
copper  leaf  brushes.  These  brushes  were  tried  on  quite 
I.  number  of  machines  of  different  types.  It  was  found 
that  the  current  densities,  claimed  practicable  for  these 
brushes,  were  much  too  high  for  American  practice 
and,  therefore,  much  larger  brush  capacities  had  to  be 
adopted.  Special  brushholders  had  to  be  devised  to 
meet  the  brush  characteristics  and  a  number  of  r.ew 
difficulties  were  encountered  which  had  not  appeared 
with  copper  brushes.  One  of  these  was  the  effects  of 
irregularities  in  the  collector  rings  themselves.  With 
copper  brushes,  as  stated  before,  the  rings  could  run  out 
of  true  slightly,  without  having  any  appreciable  efifect. 
It  was  soon  found,  however,  that  with  the  metal  graph- 
ite brushes,  the  rings  could  not  be  out  of  true,  to  any- 
thing like  the  same  degree,  as  the  brushes  could  not 
"follow"  the  surface  properly  and  maintain  sufficiently 
intimate  contact.  In  other  words,  there  was  a  "heel- 
and-toe"  contact  when  the  rings  w-ere  out  of  round,  A'ith 
momentary  local  high  current  densities  between  the 
brush  and  the  rings,  with  corresponding  tendency  to 
burn. 

Also,  with  the  higher  contact  brush  resistance,  there 
are  considerably  greater  losses  in  the  rings  and  brushes 
than  with  copper  brushes  and,  in  consequence,  greater 
heating  of  the  rings  results,  accompanied  by  greater  ex- 
pansion. As  the  rings,  especially  in  the  larger  ma- 
chines, must  be  of  spider  construction  for  ventilation 
purposes,  it  has  been  a  serious  problem  to  design  rings 
which  would  not  warp  out  of  round  with  increase  in 
temperature.  A  considerable  amount  of  difficult  en- 
gineering has  been  carried  on  to  overcome  the  various 
troubles  and  to  maintain,  at  the  same  time,  good  ventila- 
tion. In  recent  years  of  synchronous  converter  work, 
there  has  been,  possibly,  no  more  difficult  problem  than 
this  one  of  collector  rings  with  graphitic  brushes. 

In  small  synchronous  converters,  there  has  been 
possibly  more  trouble,  in  proportion,  than  in  any  of  the 
larger  sizes.  This  is  partly  due  to  the  fact  that  there  is 
insufficient  room  for  dampers  of  good  size,  without 
making  the  machine  unduly  large.  Such  machines  also 
appeared  to  be  very  sensitive  to  prime  mover  and  trans- 
mission drop  conditions.  Some  years  ago  the  writer 
made  a  small  1.5  kw  converter  of  the  induction  type, 
as  already  described.  The  principal  purpose  was  to  make 
a  machine  which  would  not  hunt  under  bad  supply  con- 
ditions. This  little  machine  was  later  tried  out  on  a  gen- 


erator plant  where  the  generators  would  not  success- 
fully parallel  with  each  other,  and  yet  it  operated  with- 
out any  hunting  whatever.  Of  course,  being  of  the  in- 
duction type,  its  power-factor  was  comparable  with  an 
induction  motor  of  about  the  same  capacity.  This  was 
r,  most  interesting  little  machine,  and  the  writer  has  al- 
ways believed  that  something  further  could  have  been 
accomplished  with  this  principle. 

In  high  voltage  railway  work,  which  has  developed 
in  recent  years,  there  has  been  a  call  for  converters  of 
1200  to  1500  volts  and  many  outfits  of  this  nature  have 
been  built.  For  60  cycles,  it  has  always  been  the  prac- 
tice to  couple  two  machines  in  series,  as  it  appears  tc  be 
physically  impossible  to  make  a  good  1500  volt,  or  even 
1200  volt,  60  cycle  converter  with  one  commutator. 

In  25  cycle  converters,  it  has  been  practicable  to 
build  single  machines  up  to  1500  volts  with  first-class 
operating  characteristics.  However,  apparently  there 
has  been  no  attempt,  up  to  the  present,  to  operate  two  of 
these  in  series,  commercially,  to  give  3000  volts. 

Two-phase,  three-phase  and  six-phase  converters 
have  been  considered.  Obviously,  at  some  time  in  the 
development,  single-phase  converters  necessarily  came 
up  for  consideration.  Very  early  in  the  development, 
the  analysis  of  the  losses  showed  that,  when  operating 
single-phase,  a  synchronous  converter  would  have  con- 
siderably greater  armature  copper  losses  than  on  direct 
current  alone.  Consequently,  this  method  of  trans- 
formation was  not  considered  as  economical.  How- 
ever, from  time  to  time,  cases  came  up  where  single- 
phase  operation  was  necessary,  under  emergency  con- 
dition and,  in  one  case,  a  converter  was  operated  for 
several  weeks  on  single-phase  supply  with  apparently 
no  harmful  effects.  However,  in  a  large  synchronous 
converter,  it  was  noted,  in  transforming  from  direct- 
current  to  single-phase,  that  there  was  considerable  vi- 
bration of  the  dampers  which  eventually  became  so 
loose  that  their  supports  had  to  be  changed  to  more 
substantial  ones.  It  was  recognized  that  this  was  due 
largely  to  the  backward  rotating  component  of  the  al- 
ternating-current m.m.f.,  magnetizing  effects  of 
which  were  largely  neutralized  by  the  dampers  in  the 
poles.  This  introduced  a  double- frequency  current  in 
the  dampers  themselves,  which  set  up  vibration.  Ap- 
parently, however,  with  properly  constructed  dampers, 
r  well  proportioned  single-phase  converter  would  op- 
erate just  about  as  well  as  polyphase,  except  for  h'gher 
losses  and  other  inherent  conditions. 

GROWTH    OF    CONNTlRTER   BUSINESS 

As  already  explained,  at  the  time  of  the  Manhattan 
Elevated  and  the  New  York  Subway  work,  the  1500 
kw,  25  cycle  units  were  in  demand  and  it  was  felt  that, 
while  larger  units  might  be  used  occasionally,  the  field 
was  not  large  enough  to  call  for  much  larger  capacities. 
However,  a  few  years  later,  2000  kw  units  were  bought 
on  a  comparatively  small  scale,  and  then  a  few  3000  kw 
were  built.  It  then  developed  in  a  short  time  that  a 
still  larger  unit  was  advisable  and  the  4000  kw,  25  cycle 
machine  was  brought  out,  which  size  has  proved  very 


March,   19JO 


THE  ELECTRIC  JOURNAL 


99 


desirable  for  heavy  work.  Apparently  this  4000  kw 
size  seems  to  meet  all  the  needs  at  present. 

In  60  cycle  units,  some  seven  or  eight  years  ago, 
there  was  a  sudden  increase  to  1500  kw  as  a  standard 
unit,  although  before  this,  machines  as  large  as  2000 
kw,  of  the  slow-speed  type  had  been  installed.  With 
the  coming  of  higher  speeds,  commutating  poles,  etc., 
and  improved  constructions,  the  1500  kw,  60  cycle  con- 
verter has  proved  to  be  a  good  one  for  railway  work, 
while  units  of  2500  kw,  and  even  larger,  have  been  used 
very  extensively  for  lighting  purposes,  electrochemical 
work,  etc. 

As  to  the  future,  no  one  can  say  where  the  upper 
limit  will  be  in  the  capacities  of  synchronous  converters. 
In  60  cycle  machines,  there  is  still  opportunity  for  re- 
latively higher  speeds,   as  the  number  of  poles   for  a 


given  output  is  still  much  less  than  in  correspondin;^  25 
cycle  machines.  In  the  latter,  apparently  the  upper 
limit  in  speed,  or  very  close  to  it,  has  been  reached. 

The  present  high  stage  of  development  of  the  sryn- 
chronous  converter  is  necessarily  the  result  of  the  co- 
operation, as  well  as  the  competition,  of  many  able 
minds.  The  writer  wishes  it  to  be  understood  that  his 
engineering  associates,  as  well  as  the  engineers  of  other 
manufacturing  companies,  should  share  in  the  credit 
for  this  great  development.  From  the  personal  refer- 
ences in  the  body  of  the  paper,  it  might  be  inferred  that 
he  did  practically  everj'thing  himself ;  on  the  contrary, 
except  in  the  early  stages,  in  many  instances  he  acted 
only  in  an  advisory  capacity  in  the  various  develop- 
ments, thus  keeping  in  close  touch  with  the  problems  at 
hand. 


Swltcliiboai 


Tiires-Piia.sc,  TLree-Vyire  Clrciilis 

J.  C.  Group 

IN  A  THREE-PHASE,  three-wire  circuit,  sucn  as 
shown  in  Fig.  28,  the  three  voltages  are  120  de- 
grees apart.  Usually  the  circuit  is  arranged  so  that 
the  phase  rotation  is  /  2,  i-  j,  j  /,  that  is,  the  voltage  in 
phase  ^  is  a  maximum  in  the  direction  from  line  2  to 
line  3,  120  degrees  after  the  voltage  in  phase  j  is  a 
maximum  in  the  direction  from  line  /  to  line  2.  Also 
the  voltage  in  phase  j  is  a  maximum  in  the  direction 
from  line  j  to  line  /.  120  degrees  after  the  voltage  in 
phase  ^  is  a  maximum  in  the  direction  from  line  2  to 
line  J.  In  the  following  discussions,  it  will  be  assumed 
that  the  circuits  are  arranged  for  phase  rotation  as  ex- 
plained above. 

Load  circuits  fed  by  a  three-phase  three-wire  sys- 
tem may  consist  of  delta  or  star  connected  three-phase 
circuits  or  single-phase  circuits.  Single-phase  circuits 
may  be  connected  to  any  one  or  all  of  the  three  phases. 
Regardless  of  what  kind  of  a  load  is  taken  from  such  a 
system,  the  current  which  flows  out  on  any  one  line 
must  return  on  one  or  both  of  the  other  lines,  and  for 
that  reason  two  current  transformers  are  sufficient  for 
making  complete  measurements  with  meters. 

The  arrangement  for  a  delta-connected,  three- 
phase  load  circuit  is  indicated  in  Fig.  29,  and  a  vector 
diagram  for  this  circuit  for  a  balanced  load  at  unity 
power-factor  is  shown  in  Fig.  30.  The  vectors  £,  2, 
£2  3.  arid  £3  ,  represent  the  three  line  voltages  120  de- 
grees apart.  Since  the  phases  of  the  load  circuit  are 
connected  between  lines,  the  respective  phase  currents 
are  in  phase  with  the  line  voltages  at  unity  power-fac- 
tor and  are  represented  by  /j  „,  h  3  and  1 3 ,  on  the  vec- 
tor diagram.  Each  line  current  consists  of  a  combina- 
tion of  two  currents  differing  in  phase,  and  is,  there- 
fore, different  in  amount  and  phase  position  from  the 
phase  currents.     In  Fig.  29,  the  positive  direction?  of 


the  various  currents  assumed  for  the  circuit,  are  in- 
dicated by  the  small  arrows.  It  is  evident  that  the  line 
current,  I^,  is  equal  to  the  difference  between  /^  2  and 
/j  1,  since  the  currents  I^  and  I^  ^  are  flowing  toward  the 
point  A  and  I^  „  is  flowing  away  from  it.  In  this  case, 
the  vector  difference  must  be  used  instead  of  the  alge- 
braic difference,  because  the  currents  are  not  in  phase. 
On  the  vector  diagram  in  Fig.  30,  /,  ^  —  ^3 1  =  j'l 
(vectorially)  and  /,,  being  30  degrees  behind  /,  ._.,  is 
1  J  times  the  phase  current.  The  line  currents  /„  and 
/;,   are   derived   in   a    similar   manner.     From   the   vec- 
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tor  diagram,  it  may  be  seen  that  the  three  line  currents 
/),  L  and  I^  are  30  degrees  behind  the  line  voltages 
£,  2,  £2  3  and  £3 1  respectively. 

The  power  consumed  in  a  balanced,  delta-con- 
nected, three-phase  load  at  unity  power-factor  is  3£/p, 
where  £  is  the  three-phase  line  voltage  and  /p  the  phase 
current.  But  /p  =  j/j  y  f  I,  where  /  is  the  line  cur- 
rent and,  therefore,  the  power  is^  T EI  in  terms  of  the 
line  voltage  and  line  current. 

The  arrangement  for  a  star-connected,  three-phase 
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load  is  indicated  in  Fig.  31.  One  end  of  each  phase  of 
the  load  circuit  is  connected  to  a  line  and  the  other  ends 
of  the  phases  are  connected  together  in  a  neutral  point  0. 
The  phase  currents  are  the  line  currents  and  are  in 
phase  with  the  phase  voltages  or  the  voltages  from  the 
lines  to  neutral.  Each  line  voltage  is  a  combination  of 
two  phase  voltages  and  is  different  in  amount  and  phase 
position  from  the  phase  voltages.  In  the  vector  dia- 
gram for  this  arrangement,  shown  in  Fig.  32,  the  phase 
voltages  are  represented  by  the  vectors  E^  „,  E^  ^  and 
£3  0,  120  degrees  apart,  and  the  currents  in  phase  with 
these  voltages  by  /j,  I^  and  I^  respectively.  The  line 
voltage,  £1 2.  in  the  direction  from  line  /  to  line  2  is 
equal  to  £1  „  —  £20  (vectorially)  and  being  30  degrees 
ahead  of  £,  „  is  yY  times  the  phase  voltages.  The 
other  line  voltages  £,  3  and  £3 1  are  derived  in  a  simi- 
lar manner.  The  three  line  currents  /j,  I^  and  /j  are  30 
degrees  behind  the  line  voltages  E^  ^,  E^  3  and  £3 1  re- 
spectively. 

The  power  consumed  in  a  balanced,  star-con- 
nected, three-phase  load  at  unity  power-factor  is  sE^I, 
where  £p  is  the  phase  voltage  and  /  the  line  current. 
But  £p  =  1/3  I  J'E  where  £  is  the  line  voltage  and 


when  a  ground  occurs  on  the  system.  The  frequency 
meter  is  connected  to  one  phase,  as  the  indication  thus 
given  is  correct  for  the  entire  three-phase  circuit.  One 
voltmeter  is  used  which,  by  means  of  the  voltmeter 
switch,  may  be  connected  to  any  of  the  three  phases. 
The  development  of  the  voltmeter  switch  shows  how 
the  connections  are  made  for  the  different  positions. 
For  the  off  position,  all  the  points  are  open  and  the 
voltmeter  is  entirely  disconnected.  For  position  i, 
points  /  and  2  are  connected  together  and  J  and  4  are 
connected  together  so  that  the  wire  from  the  voltage 
transformers  corresponding  to  line  /  is  connected  to  one 
terminal  of  the  voltmeter  and  the  wire  from  the  volt- 
age transformers  corresponding  to  line  2  is  connected  to 
the  other,  and  the  voltmeter  gives  the  reading  of  the 
voltage  between  lines  /  and  2.  For  position  2,  points  / 
and  2  are  connected  together  and  points  4  and  5  are  con- 
nected together,  so  that  the  wire  from  the  voltage  trans- 
formers corresponding  to  line  /  is  connected  to  one 
terminal  of  the  voltmeter  and  the  wire  from  the  volt- 
age transformers  corresponding  to  line  J  is  connected 
tc  the  other,  and  the  voltmeter  gives  a  reading  of  the 
voltage  between  lines  i  and  5.     For  position  j,  points 


FIG.    29 — DELTA 
CONNECTED  LOAD 


FIG.  30 — VECTOR  DIA- 
GRAM OF  A  DELTA  CON- 
NECTED  LOAD 


FIG.    31 — STAR 
CONNECTED  LOAD 


FIG.  32— VECTOR  DIA- 
GRAM OF  A  STAR  CON- 
NECTED  LOAD 


FIG.      33 — VECTOR     DIA- 
GRAM    OF     CIRCUIT 
SHOWN   IN   FIG.  28 


El  in  terms  of  the  line  volt- 


therefore  the  power  is  | 
age  and  line  current. 

By  comparing  the  results  obtained  for  the  delta  and 
star-connected  arrangements,  it  is  seen  that  for  both 
cases  the  expression  for  power  is  the  same,  and  the  line 
currents  are  30  degrees  behind  the  line  voltages.  These 
results  are  correct  for  any  balanced  three-phase  load. 

A  group  of  meters  is  shown  in  Fig.  28  for  a  three- 
phase,  three-wire  circuit,  which  is  very  commonly  used 
in  practice.  A  simple  vector  diagram  for  the  circuit  is 
shown  in  Fig.  33  in  which  £1  „,  £,  3  and  £3 ,  represent 
the  line  voltages  and  /j,  /,  and  /j  the  line  currents  30 
degrees  behind  the  line  voltages.  When  but  two  cur- 
rent transformers  are  used,  one  is  generally  connected 
in  line  /  and  the  other  in  line  3,  Fig.  28.  It  is  then  more 
convenient  to  consider  the  voltage  in  phase  2  when  in  the 
direction  from  line  3  to  line  2  than  from  2  to  3,  and 
therefore  £3  2,  180  degrees  from  £, ,  is  shown  in  the 
vector  diagram  and  the  positive  directions  of  currents 
through  the  voltage  coils  of  the  meters,  as  indicated  by 
the  small  arrows  in  Fig.  28,  are  on  the  basis  of  using 
voltage  E3  2-  The  static  ground  detector  has  three  con- 
densers, one  being  connected  to  each  line,  so  that  the 
detector   will    indicate    which    line    becomes    grounded 


2  and  3  are  connected  together  and  points  4  and  5  are 
connected  together,  so  that  the  wire  from  the  voltage 
transformers  corresponding  to  line  2  is  connected  to 
one  terminal  of  the  voltmeter  and  the  wire  from  the 
voltage  transformers  corresponding  to  line  3  is  con- 
nected to  the  other  and  the  voltmeter  gives  a  reading  of 
the  voltage  between  lines  2  and  3. 

Three  ammeters  are  used,  which  give  readings  of 
the  currents  in  each  of  the  three  lines,  so  that  their 
readings  indicate  how  nearly  the  load  on  the  system  is 
balanced.  The  polyphase  wattmeter  gives  an  indication 
of  the  power  being  used  in  the  circuit  and  the  polyphase 
watthour  meter  registers  the  amount  of  energy  con- 
sumed in  the  system.  The  power-factor  or  reactive 
factor  meter  gives  an  indication  of  the  nature  of  the 
load  with  respect  to  power-factor. 

In  F'ig.  34  is  shown  a  group  of  meters  on  a  three- 
phase,  three-wire  circuit,  where  one  ammeter  and  one 
voltmeter  are  used.  The  development  of  the  ammeter 
switch  shows  how  the  ammeter  is  connected  to  read  the 
current  in  the  respective  lines  for  the  different  posi- 
tions of  the  switch.  For  the  off  position,  point  4  is 
open  and  points  i  and  3  are  connected  to  point  2,  so 
that  the  currents  from  the  current  transformer  in  lines 
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I  and  J  combine  and  return  through  the  ground  wire 
from  point  2  without  any  current  going  through  the  am- 
meter. For  position  /,  point  /  is  connected  to  point  4 
and  point  3  is  connected  to  point  2,  so  that  the  current 
from  current  transformer  in  Hne  i  flows  to  point  1  on 
the  ammeter  switch  and  out  from  point  4  through  the 
ammeter  (thus  giving  a  reading  of  the  current  in  line 
/)  to  the  wire  connected  to  point  2,  where  it  combines 
with  the  current  from  the  current  transformer  in  Hne  5, 
which  flows  to  point  j  on  the  ammeter  switch  and  out 
on  the  wire  from  point  2,  and  the  combined  currents 
return  to  the  transformers  on  the  ground  wire.  For 
position  2,  points  i  and  J  are  connected  to  point  4  and 
point  2  is  left  open  so  that  the  currents  from 
the  current  transformers  in  Unes  i  and  j  are  combined 
and  flow  out  from  point  4  on  the  ammeter  switch 
through  the  ammeter  (thus  giving  a  reading  equivalent 
to  the  current  in  line  2)  and  return  to  the  current 
transformers  on  the  ground  wire.     For  position  5,  point 
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_j  is  connected  to  point  4  and  point  /  is  connected  to 
point  2,  so  that  the  current  from  the  current  trans- 
former in  line  J  flows  to  point  J  on  the  ammeter  switch 
and  out  from  point  4  through  the  ammeter  (thus  giv- 
ing a  reading  of  the  current  in  line  5)  where  it  com- 
bines with  the  current  from  the  current  transformer  in 
line  /,  which  flows  to  point  i  on  the  ammeter  switch  and 
out  on  the  wire  from  point  2,  and  the  combined  currents 
return  to  the  transformers  on  the  ground  wire.  The 
development  of  the  voltmeter  switch  is  as  shown  in 
Fig.  28.  A  polyphase  graphic  recording  wattmeter  is 
used  for  the  circuit,  which  in  addition  to  making  the 
graphic  record  is  provided  with  a  pointer  and  scale  so 
that  it  serves  also  as  an  indicating  meter.  A  separate 
set  of  current  transformers  is  provided  for  the  poly- 
phase watthour  meter.  This  is  necessary  for  light  load 
accuracy. 

A  group  of  meters  is  shown  in  Fig.  35  similar  to 
that  in  Fig.  34,  except  that  the  voltage  of  the  circuit 
is  low  enough  that  voltage  transformers  are  not  neces- 
sary and,  in  addition  to  the  other  meters,  a  polyphase 
indicating  wattmeter  is  used.     The  development  of  the 


voltmeter  and  ammeter  switches  are  as  shown  in  Figs. 
28  and  34. 

The  vector  diagram,  Fig.  33,  shows  how  the  poly- 
phase wattmeter  and  the  watthour  meter,  each  consist- 
ing of  two  single-phase  elements,  measure  the  total 
power  in  the  three-phase  circuit.  The  case  of  a  bal- 
anced load  at  unity  power- factor  will  be  considered. 
The  current  from  the  current  transformer  in  line  i  (re- 
presented in  the  vector  diagram  by  /j)  flows  through  the 
right  hand  element  of  the  wattmeter  and  the  upper  ele- 
ment of  the  watthour  meter.  The  voltage  impressed 
on  the  voltage  coils  of  these  elements  is  the  line  volt- 
age represented  by  E^  .,.  The  torque  producing  reaction 
in  a  wattmeter  element  is  proportional  only  to  the  com- 
ponent of  the  current  which  is  in  phase  with  the  volt- 
age. As  /i  is  30  degrees  out  of  phase  with  £1 2,  the 
component  of  /^  in  phase  with  E^  ^  is  /,  cos  30  or 
1/2  y  ~Ii,  and  the  power  measured  by  the  one  element 
of  each  meter  is  i/2\/Y E^  ^  /^  or  for  the  balanced  load 
is  1/2 )  }~  El,  where  E  represents  the  three-phase  line 
voltage  and  /  the  line  current.     The  current  from  the 
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current  transfonner  in  line  j  (represented  vectorially 
by  /a)  flows  through  the  left  hand  element  of  the  watt- 
meter and  the  lower  element  of  the  watthour  meter. 
The  voltage  impressed  on  the  voltage  coils  of  these  ele- 
ments is  the  line  voltage  £3  ,•  l^  is  30  degrees  out  of 
phase  with  £3  2  and,  therefore,  the  power  measured  by 
these  elements  respectively  is  1/2  1  J"  £32  -^3  or,  omit- 
ting the  sub-figures  for  the  balanced  three-phase  load,  is 
1/2  i/J~  £/.  The  total  power  measured  by  each  meter 
is  the  sum  of  the  measurements  in  the  two  elements  or 
]  YEI  which  is  correct  for  the  three-phase  circuit. 

The  connections  for  the  polyphase  wattmeter  and 
the  watthour  meter  shown  in  Fig.  28  are  correct  for 
measuring  the  power,  if  the  load  consists  of  a  single- 
phase  circuit  connected  to  any  phase  of  the  three-phase 
system.  For  simplicity,  the  loads  will  be  assumed  to 
have  unity  power- factor  and  only  the  polyphase  watt- 
meter will  be  considered.  When  the  load  circuit  is 
connected  between  lines  /  and  2,  current  flows  in  these 
two  lines  but  not  in  line  J.  The  only  current  which 
flows  through  the  wattmeter  flows  through  the  right- 
hand  element  from  the  current  transformer  in  line  i. 
A  vector  diagram  for  this  case  is  shown  in  Fig.  36  in 
which  /,  represents  the  current  in  line  /  in  phase  with 
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the  line  voltage  E.^„,  and  L.,  icSo  degrees  from  /j,  re-  voltages.  The  diagrams  in  Figs.  39  and  40  are  for  bal- 
presents  the  current  in  line  2.  Since  the  voltage  coil  of  anced  three-phase  loads,  where  the  power-factor  is  not 
the  right-hand  element  of  the  wattmeter  is  connected     unity,  but  the  currents  in  the  phases  of  the  load  circuits 


to  the  voltage  E^  „,  the  power  measured  by  the  right- 
hand  element  is  £\  „  Ii,  which  is  correct  for  the  single- 
phase  circuit  under  consideration. 

When  the  load  circuit  is  connected  between  lines 
2  and    ?,  the  ])ower  is  measured  by  the  left-hand  ele- 


FIGS.    36,   37   AND 

Fig.   36 — Connected 
between  lines  i  and  2. 
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Fig.   37 — Connected 
between  lines  2  and  3. 
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Fig.   38 — Connected 
between  lines  3  and  i. 


ment  of  the  wattmeter,  for  the  only  current  passing 
through  the  meter  flows  through  the  left-hand  element 
from  the  current  transformer  in  line  5.  A  vector  dia- 
gram for  this  case  is  shown  in  Fig.  37,  in  which  L  re- 
presents the  current  in  line  J  in  phase  with  the  line  volt- 
age £3  2,  and  L,  180  degrees  from  /g,  represents  the 
current  in  line  2.  Current  flows  in  both  lines  2  and  3 
but  not  in  line  i.  Since  the  voltage  coil  of  the  left- 
hand  element  of  the  wattmeter  is  connected  to  the  volt- 
age £3  2,  the  power  measured  by  this  element  is  £j ._,  /, 
which  is  correct. 

When  the  load  is  connected  between  lines  j  and  /, 
current  flows  in  lines  J  and  i  but  not  in  line  2.  Current 
flows  through  both  elements  of  the  wattmeter,  as  there 
is  a  current  transformer  in  line  J  and  line  /.  A  vec- 
tor diagram  for  this  case  is  shown  in  Fig.  38,  in  which 
Is  represents  the  current  in  line  J  and  the  current  which 
flows  through  the  left-hand  element  of  the  wattmeter, 
and  /j,  180  degrees  from  /,,  represents  the  current  in 
line  /  and  the  current  which  flows  through  the  right- 
hand  element  of  the  wattmeter.  The  voltage  coil  of  the 
left-hand  element  is  connected  to  the  voltage  £3  „,  and 
the  voltage  coil  of  the  right-hand  element  is  connected 
to  the  voltage  £i  2-  It  is  seen  from  the  vector  dia- 
gram that  I3  is  60  degrees  out  of  phase  with  £3  2,  and 
/i  is  60  degrees  from  £,  „■  Therefore,  the  power 
measured  by  the  left-hand  element  is  £3  „  h  '^os  60  or 
1/2  £3  2  I3,  and  the  power  measured  by  the  right-hand 
element  is  £,  .  ^1  '^"■^  ^^  o^"  ^/^  ^1 2  h-  I^"^  current 
I^  and  /,  are  the  same  and  voltages  £3  o  and  £,  ,.  are 
equal.  Thus  the  total  povi'er  as  measured  by  the  watt- 
meter is  £/,  where  E  is  the  line  \oltage  and  /  tlic  single- 
phase  line  current. 

The  discussions  thus  far  have  been  on  the  basis  of 
unity  power-factor.  In  connection  with  the  vector  dia- 
grams in  Figs.  30  and  32  it  was  found  that,  for  the 
condition  of  a  balanced  three-phase  load  at  unity  power- 
factor,  the  line  currents  were  3«  degrees  behind  the  line 


lag  behind  the  phase  voltages  by  an  angle  i^.  The 
power-factor  is  the  cosine  of  the  angle  0.  The  line 
currents  in  this  case  lag  behind  the  line  voltages  by  an 
angle  50°  +  <>  .  The  power  in  the  three-phase 
circuits  is  therefore  ^E  /p  cos  4>  for  the  delta-connected 
load,  where  E  is  the  line  voltage  and  /,. 
the  phase  current,  or  3  E\>  I  cos  <j>  for  the 
star-connected  load,  where  E\>  is  the  phase 
voltage  and  /  the  linecurrent.  But  /,,= 
Vi  1  .r/ and  Ep=i/3  1  JE  and  there- 
fore the  power  in  either  case  is  \  j  EI 
cos  't'.  Single-phase  loads  do  not  need  to 
to  be  considered,  for  they  produce  either 
balanced  or  unbalanced  delta-connected 
loads.  In  the  explanations,  three-phase 
balanced  loads  are  considered,  because 
the  fundamental  principles  involved  may 
he  more  easily  understood  for  a  balanced 
oad  than  for  an  unbalanced  load  and  the  vector  dia- 
grams are  much  simpler.  However,  a  vector  diagram 
can  be  constructed  and  the  same  principles  applied  in 
analyzing  a  circuit  having  a  load  at  any  power-factor 
or  degree  of  unbalance. 

By  means  of  the  diagrams  in  Figs.  39  and  40  it  can 
be  shown  that  the  polyphase  wattmeter,  connected  as  in 
Fig.  28,  correctly  measures  the  power  in  the  three-phase 
three-wire  circuit  when  the  power-factor  is  not  unity. 
1,,  the  current  in  line  /  and  the  current  which  flows 
through  the  right-hand  element  of  the  wattmeter,  is 
30°  -\-  <f)  out  of  phase  with  the  voltage  £,  2  and  there- 
fore the  power  Pv.  measured  by  this  element  is  £,  „  /, 
cos  (jo°  +</>)•  The  power,  Pl.  measured  by  the  left- 
hand  element  is  E^ ..  /.,  cos  (50°  -\-  <p  ),  since  the  angle 


KIC.    30 — VECTOR    DIAGRAM    OK 

A    BALANCED    DELTA 

CONNECTED    LOAD 

Where    the    power- factor 
is  not  unity. 


FIG 


40 — VECTOR    DIAGRAM    OF 
A    BALANCED    STAR 
CONNECTED  LOAD 

Where    the    power- factor 
s  not  unity. 


between  £3  o  and  /3  is  the  difference  between  30  de- 
grees and  </>.  The  total  power  measured  bj'  the  meter 
is  the  algebraic  sum  of  the  measurements  in  the  two 
elements  or,  omitting  the  sub-figures  for  the  balanced 
load,  is, — 
Ph  +  Pi.  =  £■  /  [cos_(jo°  +<j>)  +  cos  (.?<r  -<)>,]_ 

=  E  I  \_i  /  2  yj  cos  4>—  1/2  sin  <j)  -{■  /Xi  ]    ;  cos  <t>  +  //.' 

sill  <l>]  =  ]   J  £  /  cos  <t>. 
This  result  is  the  same  as  the  equation  for  the  power  in 
the  three-phase  circuit. 

The  e(juati()n  just  derived  shows  that  the  polyphase 
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wattmeter  does  measure  correctly  the  power  in  a  three- 
phase  circuit  when  the  power-factor  is  not  unity.  The 
power  measured  by  the  meter  will  be  determined  here 
from  a  vector  analysis  of  the  circuit  for  several  differ- 
ent angles  of  lag  in  order  to  observe  the  actions  of  the 
meter  at  such  times.  In  each  case,  the  results  will  be 
compared  with  the  actual  power  in  the  circuit  as  cal- 
culated from  the  equation  P  ^  ]  f  E  I  cos  <t>  to  show 
that  the  measurement  by  the  meter  is  correct.  C^ses 
will  be  considered  for  a  lag  of  30  and  60  degrees,  for 
an  angle  greater  than  60  degrees,  and  for  90  degrees. 

50  Degrees  Lag — In  Fig.  41  a  vector  diagram  is 
shown  for  a  balanced  three-phase  load  where  the  cur- 
rent lags  30  degrees.  The  three  line  currents  are  re- 
presented by  /j,  /;  and  I3  30  degrees  behind  the  posi- 
tions they  would  have  for  unity  power-factor,  which 
are  indicated  by  the  dotted  vectors  I\,  I'„  and  /',.  In 
the  right-hand  element  of  the  wattmeter,  the  current  I^, 
is  60  degrees  behind  the  voltage  E^  „,  and  the  power 
measured  by  this  element  is  fj ,  /j  cos  60°  =^  1/2  E^  ^  If 
In  the  left-hand  element,  the  current  /j  is  in  phase  with 
the  voltage  £3 ,  and  the  power  measured  by  this  ele- 
ment is  £3  2  I3.  The  sum  of  the  measurements  in  the 
two  elements  is  1/2  E^  ^  I^  -\-  E,  „  I^  or,  for  the  hal- 


on  the  line  of  the  vector  £1  2)  is  in  the  opposite  direc- 
tion with  reference  to  E^ ,,  and  the  torque  producing  re- 
action in  the  right-hand  element  is  in  the  reverse  di- 
rection. Therefore,  the  power  measurement  is  nega- 
tive, as  indicated  by  the  minus  sign.  In  the  left-hand 
element,  the  current  1 3  is  jo°  -\-  «  behind  £3 ,,  and  the 
power  measured  by  this  element  is  £3  2  I^  cos  (^0°  -\- 
a)  =£32  h  {1/2  yj  cos  J.  —  i/2  sin  a)  =  1/2  £3  j 
/j  (  1  T  '^'^^  a  —  •^'"  a  )  or  for  the  balanced  load  is 
1/2  E  I  {\  J  cos  a  —  sin  ct)-  Since  the  torque  pro- 
ducing reaction  in  the  right-hand  element  is  in  the  re- 
verse direction  from  that  in  the  left-hand  element,  the 
total  power  measured  by  the  meter  is  given  by  the  alge- 
braic sum  of  the  measurements  in  the  two  elements,  or 
1/2  EI  {\  y  cos  a  —  ■^'"  a)  —  EI  ■^'"  a  =  l/  2  E  I 
{\J cos  a  —  3  ■^'«  a)  =  V^  I'  7£  /  {cos  a  —  1  j' 
sin  a)-  The  power  in  the  circuit  for  a  current  lagging 
by  an  angle  60°  -j-  a  isP^i  ^ E  I  cos  {60°  -f-  a)  = 
I  J  E  I  {1/2  cos  a  —  1/2  I  7 sin  «)  =1/2  y  7'  E  I 
(cos  ct  —  1  i""'^  a  )  which  is  the  same  as  the  meter 
measures. 

go  Degrees  Lag — A  vector  diagram  is  shown  in 
Fig.  44  for  a  balanced  three-phase  load  where  the  cur- 
rent lags  by  the  maximum  angle  of  90  degrees.     In  the 


FIG.       41 — A       CURRENT 
L.AG  OF  30  DEGREES 


FIG.      42 — A       CURRENT 
L.\G  OF  60  DEGREES 


anced  load,  is  j/2  E  I,  where  E  is  the  line  voltage  and 
/  the  line  current. 

60  Degrees  Lag — A  vector  diagram  is  shown  in 
Fig.  42  for  a  balanced  three-phase  load,  where  the  cur- 
rent lags  60  degrees.  There  is  no  power  in  the  right- 
hand  element  of  the  wattmeter,  because  the  current  /^ 
is  90  degrees  behind  the  voltage  £1  „,  and  there  is  no 
component  of  /j  in  phase  with  £1  ,•  In  the  left-hand 
element,  the  current  /-  is  30  degrees  behind  the  voltage 
£3 .,  and  the  power  measured  by  this  element  is 
£3 .  /,  cos  50  or,  for  the  balanced  load,  is  1/2  y]~  E  I. 

Lag  Between  60  and  go  Degrees — In  Fig.  43  is 
shown  a  vector  diagram  for  a  balanced  three-phase  load 
where  the  current  lags  b}'  an  angle  greater  than  60  de- 
grees represented  by  60°  -\-  a  (  a  =  <!>  —  ^0) .  In  the 
right-hand  element  of  the  wattmeter,  the  current  I^  is 
60°  -\-  a  -\-  30°  or  po°  +  a  behind  E^  2  and  the  power 
measured  by  this  element  is  £1  ^  /,,  cos  (po°  +  «  )  or 
omitting  the  sub-figures  for  the  balanced  load  and  writ- 
ing the  expression  in  terms  of  the  angle  «  is  —  EI  sin 
a-  It  is  evident  from  the  vector  diagram  that,  when 
the  current  /,  is  more  than  90  degrees  behind  E^ ,,  the 
component  of  /,   (  obtained  by  projecting  the  vector  /j 


FIG.       43 — A.       CURRENT 

LAG  OF  60  DEGREES 

PLUS  a 


FIG.       44 — A       CURRENT 
LAG  OF  90  DEGREES 


right-hand  element  of  the  wattmeter,  the  current  /j  is 
120  degrees  behind  E^  „  and  the  power  measurement  is 
£1  „  Jj  cos  120  =  £1 2  -'^i  cos  (po  +  30)  =  —  E12I1  ■^'« 
jO°  =  —  1/2  £1 2  A  or,  for  the  balanced  load,  is  —  1/2 
E  I  which  is  negative,  as  indicated  by  the  minus  sign.  In 
the  left-hand  element,  L  is  60  degrees  behind  £3 ,  and 
the  power  measurement  is  £3 ,  ^3  cos  60  =  1/2  £3  2  ^3> 
or  for  the  balanced  load  is  1/2  E  I.  Then  the  total 
power  measurement  given  by  the  algebraic  sum  of 
1/2  E  I  and  • —  1/2  E  I  is  zero,  which  is  correct. 

It  has  been  shown  that,  for  lagging  currents,  when 
the  angle  of  lag  becomes  60  degrees,  the  measurement 
in  the  right-hand  element  is  zero  and  all  the  power  is 
measured  by  the  left-hand  element,  and  for  angles  of 
lag  greater  than  60  degrees,  the  measurement  is  nega- 
tive in  the  right-hand  element.  When  the  angle  of  lag 
becomes  90  degrees,  the  negative  measurement  in  the 
right-hand  element  is  equal  to  the  positive  measurement 
in  the  left-hand  element  and  the  result  is  zero.  If  the 
current  leads  instead  of  lags,  it  can  be  seen  from  the 
vector  diagrams  that  the  action  of  the  elements  is  just 
the  reverse.  Angles  of  lag  or  lead  of  greater  than  90° 
indicate  a  reversal  of  direction  of  the  flow  of  power. 
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THE  E.M.F.  of  self-induction  in  a  transmission 
circuit  may  either  add  to  or  subtract  from  the 
impressed  voltage  at  the  sending  end,  depend- 
ing upon  the  relative  phaSe  relations  between  the  cur- 
rent and  the  voltage  at  the  receiving  end  of  the  circuit. 
This  is  illustrated  by  means  of  voltage  vectors  in  Fig. 
20,  in  which  the  phase  of  the  current  is  assumed  to  be 
constant  in  the  horizontal  direction  indicated  by  the 
arrow  on  the  end  of  the  current  vector.  The  voltage  at 
the  receiving  end  is  also  assumed  as  constant  at  100 
volts.  The  vector  representing  the  receiving  end  volt- 
age (Er  =  100  volts)  is  shown  in  two  positions  corre- 
sponding to  leading  current,  two  positions  correspond- 
ing to  lagging  current  and  in  one  position  corresponding 
to  unity  power-factor.  The  components  IR  and  IX  of 
the  supply  voltage  necessary  to  overcome  the  resistance 
R  and  the  reactance  X  (e.m.f.  of  self-induction)  of  the 
circuit  are  assumed  to  be  10  volts  and  20  volts  respec- 
tively. Since  the  current  is  assumed  as  constant.  IX 
and  IR  are  also  constant.  The  impedance  triangle  of 
the  voltage  components  required  to  overcome  the  com- 
lined  effect  of  the  resistance  and  the  reactance  of  this 
circuit  is  therefore  constant.  It  is  shown  in  five  differ- 
ent positions  about  the  semicircle,  corresponding  to  five 
different  load  power-factors.  The  voltage  E^  at  the 
sending-end  required  to  maintain  100  volts  at  the  re- 
ceiving-end is  indicated  for  each  of  the  five  positions  of 
the  impedance  triangle. 

Counter-clockwise  rotation  of  the  vectors  will  be 
considered  as  positive.  This  means  that  when  th:  cur- 
rent is  lagging  behind  the  impressed  e.m.f.,  the  voltage 
vector  will  be  in  the  forward  or  leading  direction  from 
the  current  vector  as  indicated  by  the  arrow.  When 
the  current  leads  the  impressed  voltage,  the  voltage 
vector  will  be  in  the  opposite,  or  clockwise  direction 
from  the  current  vector.  In  other  words,  assuming  the 
vectors  all  rotating  at  the  same  speed  about  the  poin;  0 
in  a  counter-clockwise  direction,  the  current  vector  will 
be  behind  the  voltage  vector  when  the  current  is  lagging 
and  ahead  of  it  when  the  current  is  leading. 

The  alternating  magnetic  flux  surrounding  the  con- 
ductors, resulting  from  current  flowing  through  them, 
generates  in  them  a  counter  e.m.f.  of  self-induction. 
This  e.m.f.  of  self-induction  has  its  maximum  value 
when  the  current  is  passing  through  zero  and  is  there- 
fore in  lagging  quadrature  with  the  current.  On  the 
c'iagrams  an  arrow  in  the  line  IX,  indicates  the  direction 
of  the  e.m.f.  of  self-induction.  It  will  be  seen  that  since 
the  direction  of  the  current  is  assumed  constant, 
the    e.m.f.    of    self-induction    acts    downward    in    all 


l\\e  impedance  diagrams.  The  sending-end  voltage 
is  therefore  opposed  or  favored  by  this  sclf- 
mduced  voltage  (see  arrows)  to  a  greater  or  less 
extent  depending  upon  the  power-factor  of  the  load. 
Thus  at  lagging  loads  of  high  power-factor,  the  self-in- 
duced voltage  acts  approximately  at  right  angles  to  the 
fending-end  voltage,  and  therefore  requires  a  small  com- 
ponent of  the  sending-end  voltage  to  balance  or  neutral- 
ize its  effect.  As  the  power-factor  of  the  receiving-end 
load  decreases  in  the  lagging  direction  (upper  quadrant 
of  diagram)  the  sending-end  voltage  swings  around 
more  nearly  in  line  with  the  direction  of  the  induced 
voltage,  thus  requiring  a  greater  component  of  the  send- 
ing-end voltage  to  counter-balance  its  effect.  At  zero 
power-factor  lagging,  the  direction  of  the  sending-end 
voltage  and  that  of  the  induced  e.m.f.  are  practically  in 
opposition,  (as  indicated  by  the  arrows),  so  that  the 
component  of  the  sending-end  voltage  required  to  over- 
come the  induced  voltage  is  a  maximum,  or  nearly  as 
much  as  the  e.m.f.  of  self-induction.  It  is  interesting  to 
note  that  at  zero  lagging  power-factor,  when  the  effect 
of  self-induction  on  line  voltage  drop  reaches  a  niaxi- 
mum,  the  sending-end  voltage  component  IR  necessary 
to  overcome  the  resistance  of  the  circuit,  (now  nearly 
at  right  angles  to  the  supply  voltage),  is  a  minimum. 
The  reverse  of  these  conditions  is  true  for  receiv'ng- 
end  loads  of  power-factors  near  unity. 

Now  consider  receiving-end  loads  of  leading 
power-factors,  (lower  quadrant  of  diagram).  It  will 
be  seen  that  the  e.m.f.  of  self-induction  does  not  now 
oppo.se  the  sending-end  voltage  (indicated  by  direction 
of  the  arrows)  but  has  a  direction  more  or  less  parallel 
to  that  of  the  sending-end  voltage.  At  high  leading 
power-factors,  the  e.m.f.  of  self-induction  has  little 
effect  on  the  sending-end  voltage,  but  as  zero  leading 
power-factor  is  approached  these  two  e.m.f.'s  more 
nearly  come  in  phase  with  each  other.  At  zero  power- 
factor  leading,  the  e.m.f.  of  self-induction  adds  almost 
directly  to  the  sending-end  voltage. 

It  will  be  seen,  therefore,  that  for  receiving-tnd 
loads  of  lagging  power-factor,  the  sending-end  voltage 
is  greater  than  the  receiving-end  voltage,  by  an  amount 
recessarA'  to  overcome  the  resistance  and  self-induction 
of  the  circuit.  For  receiving-end  loads  of  leading 
power-factor,  the  sending-end  voltage  is  less  than  ihe 
receiving-end  voltage,  for  the  reason  that  the  e.m.f.  of 
self-induction  is  in  such  a  position  as  to  assist  the  send- 
ing-end voltage. 

The  following  values  from  Fig.  20  illustrate  these 
conditions: 
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Power-Factor  of 
Receiving  End  Load 
o  percent  lagging 
80  percent  lagging 
TOO  percent 
80  percent  leading 
o  percent  leading 


Supply  Voltage 
120.4 
120.4 
111.8 

98.5 

80.6 


The  condition  of  leading  power-factor  at  the  re- 
ceiving-end would  be  unusual  in  practice,  since  the 
power-factor  of  receiving-end  loads  is  usually  lagging. 
In  cases,  however,  where  condensers  are  used  for 
voltage  or  power-factor  control,  the  power-factor  a',  the 
receiving-end  may  be  leading.  If  the  circuit  were  with- 
out inductance,  there  could  be  no  rise  in  voltage  at  the 

1  o  ---SOf 


F.  OF  LOAD   80%  LAGGING 


t,   HELD  CONSTANT  AT  100  VOLTS. 
IR    RESISTANCE  VOLTS  CONSTANT  AT  10  VOLTS. 
IX    REACTANCE  VOLTS  CONSTANT  AT  20  VOLTS. 
IZ     IMPEDANCE  VOLTS  CONSTANT  AT  22  4  VOLTS, 
-P  F.  OF  LOAD,  0%  LEADING 

FIG.    20 — EFFECT  OF  SELF   INDUCTION  ON   REGULATION 

receiving-end,  for  in  such  a  case,  IX  of  the  diagram 
would  disappear,  and  the  voltage  drop  would  be  the 
same  as  with  direct  current.  All  alternating-current 
circuits  are  inductive,  and  the  greater  their  inductance, 
the  greater  will  be  the  voltage  drop,  or  the  voltage  tise 
along  the  circuit. 

Any  alternating-current  circuit  may  be  looked  upon 
as  containing  three  active  e.m.f.'s  out  of  phase  with  each 
other.  In  addition  to  the  impressed  e.m.f.  at  the  send- 
ing-end,  there  are  two  e.m.f.'s  of  self-induction,  one  as 
the  result  of  the  receiving-end  current  and  lagging  90 


degrees  behind  it  and  the  other  as  the  result  of  the  line 
charging  current  and  lagging  90  degrees  behind  it. 
These  two  combine  at  an  angle,  with  each  other  and 
with  the  impressed  e.m.f.  at  the  sending-end. 

CHARGING  CURRENT 

Conductors  of  a  circuit,  being  separated  by  a  di- 
electric (such  as  air,  in  overhead  circuits,  or  insulation 
ir  cables),  form  a  condenser.  When  alternating-cur- 
rent flows  through  such  a  circuit,  current  (known  as 
charging  current)  virtually  passes  from  one  conductor 
through  the  dielectric  to  the  other  conductors,  which 
are  at  a  different  potential.  This  current  is  in  shunt 
with  the  circuit,  and  differs  from  the  current 
which  passes  between  conductors  over  the  insula- 
tors etc.  (leakage  current)  or  through  the  air 
(corona  effect)  only  in  that  the  charging  current 
leads  the  voltage  by  90  degrees,  whereas  the  leak- 
age current  is  in  phase  with  the  voltage. 

For  a  given  spacing  of  conductors,  the  charg- 
ing current  increases  with  the  voltage,  the  fre- 
quency and  the  length  of  the  circuit.  For  long 
high-voltage  circuits,  particularly  at  60  cycles 
per  second,  the  charging  current  may  be  as  much 
as  the  full-load  current  of  the  circuit,  or  more. 
In  some  cases  of  long  60  cycle  circuits,  where  a 
comparatively  small  amount  of  power  is  tc  be 
transmitted,  it  is  necessary  to  limit  the  voltage  of 
transmission,  in  order  that  the  charging  current 
may  not  be  so  great  as  to  overload  the  genera- 
tors. This  charging  current,  being  in  leading 
quadrature  with  the  voltage,  represents  nearly  all 
reactive  power,  but  it  is  just  as  effective  in  heat- 
ing the  generator  windings  as  if  it  represented 
active  power.  On  the  other  hand,  it  combines 
with  the  receiving-end  current  at  an  angle  (de- 
pending upon  the  power-factor  of  the  receiver 
load)  in  such  a  manner  that  the  addition  of  the 
full-load  receiving-end  current,  in  extreme  cases, 
may  not  greatly  increase  the  sending-end  current. 
In  other  words  (if  the  charging  current  is  near 
full-load  current)  the  current  at  the  generator 
end  may  not  increase  much  when  full  load  at  the 
receiver  end  is  added,  over  what  it  is  when  no 
load  is  taken  off  at  the  receiving-end. 

Since  the  e.m.f.  of  self-induction  due  to  the 
charging  component  is  proportional  to  the  charg- 
ing current,  its  effect  upon  the  voltage  regulation 
of  the  circuit  will  also  be  proportional  to  the  charging 
current.  For  a  short  low-voltage  circuit,  the  charging 
current  is  so  small  that  its  effect  on  voltage  regulalion 
may  be  ignored.  On  the  longer  circuits,  especially  long 
60  cycle  circuits,  such  as  will  be  considered  later,  its 
effect  must  be  given  careful  consideration. 

VARIATION   IN   CURRENT  AND  VOLTAGE  ALONG  THE 
CIRCUIT 

It  was  explained  above  and  illustrated  in  Fig.  20 
that  with  a  receiving-end  load  of  leading  power-factor. 
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the  voltage  at  the  sencliiig-end  of  the  circuit  might  be 
less  than  that  at  the  receiving-end.  It  was  shown  that 
the  e.m.f.  of  self-induction,  resulting  from  the  leading 
current,  tends  to  raise  the  voltage  along  the  circuit. 
This  boosting  effect  of  the  voltage  is  entirely  due  to  the 
leading  component  of  the  load  current. 

If,  now,  it  is  assumed  that  the  power- factor  of  the 
receiving-end  load  is  lOO  percent,  there  will  be  no  lead- 
ing component  in  the  load  current,  and  therefore  there 
can  be  no  boosting  of  the  voltage  due  to  the  load  cur- 
rent. Since,  however,  all  circuits  have  capacitance, 
and  since  the  current  is  alternating,  charging  current 
v>'ill  flow  into  the  line  and  this  being  a  leading  current, 
the  same  tendency  to  raise  the  voltage  along  the  circuit 
will  take  place  as  is  illustrated  by  Fig.  20. 

The  upper  part  of  Fig.  21  is  intended  to  give  a 
I'liysical  conception  of  what  takes  place  in  an  alternat- 
ing-current circuit.  As  the  load  current  starts  out  from 
the  sending-end,  and  travels  along  the  conductor,  it 
meets  with  ohmic  resistance.  This  is  represented  by  r 
ill  l""ig.  Ji.  It  also  meets  with  reactance  in  quadrature 
to  the  current.  This  is  represented  by  jx  in  the  dia- 
gram. .Superimposed  upon  this  load  current  is  a  cur- 
rent flowing  from  one  conductor  to  the  others,  in  phase 
with  the  voltage  at  that  point  and  representing  true 
power.  This  current  is  the  result  of  leakage  over  in- 
sulators and  of  corona  effect  between  the  conductors. 
It  is  represented  by  the  letter  g  in  the  diagrams.  Then 
there  is  the  charging  current  in  leading  quadrature  with 
the  voltage.  This  current  does  not  consume  any  active 
power  except  that  necessary  to  overcome  the  resistance 
to  its  flow. 

In  Fig.  21  the  four  linear  constants  of  the  alternat- 
ing-current circuit,  r  representing  the  resistance,  jx  re- 
presenting the  reactance,  g  representing  the  leakage  and 
h  representing  the  susceptance,  are  shown  as  located,  or 
lumped,  at  six  different  points  along  the  circuit.  This 
u.  as  they  would  appear  in  an  artificial  circuit  divided 
into  six  units.  In  any  actual  line,  these  four  constants 
are  distributed  quite  evenly  throughout  the  length  of 
the  circuit. 

VOLTAGE  AND  CURRENT  DISTRIBUTION  FOR  PROBLEM  A' 

The  effect  of  the  charging  current  flowing  through 
the  inductance  of  the  circuit  gives  rise  to  a  very  inter- 
esting phenomenon.  In  order  to  illustrate  this  effect, 
the  current  and  voltage  distribution  for  a  60  cycle,  1000 
volt,  three-phase  circuit,  300  miles  long,  is  plotted  in 
Fig.  21.  This  circuit  will  be  referred  to  as  problem  X. 
In  such  a  long  60  cycle  circuit,  this  phenomenon  is  quite 
pronounced ;  so  that  such  a  problem  serves  well  as  an 
illustration.  The  voltage  and  the  current  have  been 
determined  for  points  50  miles  spart  along  the  circuit. 
Values  for  both  the  current  and  the  voltage  under  zero 
load,  also  under  load  conditions  have  been  plotted.  The 
load  conditions  refer  to  a  receiving-end  load  of  18  000 
ks'-a,  at  90  percent  power-factor,  lagging.  60  cycle 
three-phase.  The  voltage  is  assumed  as  being  held 
constant  104  000  volts  at  the  receiving-end,  for  both 
zero  and  full-load  conditions. 


Zero-Load  Conditions — Without  any  load  being 
taken  from  the  circuit,  it  will  be  seen  that  the  charging 
current  at  the  sending-end  approaches  in  value  that 
established  when  under  full  load;  i.e.,  94.75  amperes. 
The  charging  current  drops  down  to  approximately  50 
.miperes  at  the  middle,  and  to  zero  at  the  receiving-end 
of  the  unloaded  circuit.  The  lower  full  line  curve 
shows  how  this  current  is  distributed  along  the  circuit. 
Starting  at  zero,  at  the  receiving-end  of  the  circuit,  it 
increases  as  the  sending-end  of  the  circuit  is  ap- 
proached, at  which  point  it  reaches  its  maximum  value 
cf  87.89  amperes.  The  voltage  distribution  under  zero- 
load  conditions  is  some-what  opposite  to  that  of  the  cur- 
rent distribution.  That  is  the  voltage  (104000  volts  at 
the  receiving-end)  keeps  falling  lower  until  it  reached  a 
value  of  84  676  at  the  sending-end.  It  should  be  noted 
that  the  voltage  curve  for  zero  load  condition  drops 
down  rapidly  as  the  sending-end  is  approached.  The 
reason  for  this  is  the  large  charging  current  flowing 
through  the  inductance  of  the  circuit  at  this  end  of  the 
circuit.  The  larger  the  charging  current  the  greater 
the  resultant  boosting  of  the  receiving-end  voltage. 

Load  Conditions — When  16000  kv-a  at  90  percent 
power-factor  lagging  is  taken  from  the  circuit  at  the 
receiving-end,  the  current  at  this  end  goes  up  to  99.92 
amperes.  As  the  supply  end  is  approached  the  current 
becomes  less,  reaching  its  lowest  value  (approximately 
83  amperes)  in  the  middle  of  the  circuit.  At  the  supply 
end  it  is  94.75  amperes,  which  is  less  than  it  is  at  the 
receiver  end.  Thus  the  full  line  representing  the  cur- 
rent in  amperes  along  the  circuit  assumes  the  form  of  an 
arc,  bending  downward  in  the  middle  of  the  circuit. 
The  shape  of  this  current  curve  is  dependent  upon  the 
relative  values  of  the  leading  and  lagging  components 
cf  the  current  at  points  along  the  circuit.  The  reason 
that  the  current  is  a  minimum  rear  the  middle  of  the 
circuit,  is  because  this  is  the  point  w-here  the  lagging 
current  of  the  load  and  the  leading  charging  current  of 
the  circuit  balance  or  neutralize  each  other,  and  the 
];ower-factor  is  therefore  unity.  Starting  at  the  re- 
ceiving-end, the  power-factor  is  90  percent  lagging.  As 
the  middle  of  the  circuit  is  approached,  the  increasing 
charging  current  neutralizes  an  increasing  portion  of  the 
lagging  component  of  the  load  current.  Near  the 
middle  of  the  circuit,  this  lagging  component  is  en- 
tirely neutralized,  and  the  power-factor  therefore  rises 
to  unity.  Passing  the  middle  and  approaching  the 
sending-end  there  is  no  more  lagging  component  to  be 
neutralized,  and  the  increasing  charging  current 
causes  a  decreasing  leading  power-factor  which,  when 
the  sending-end  is  reached,  becomes  93.42  percent 
leading.  It  will,  therefore,  be  seen  that  the  power-fac- 
tor as  well  as  the  current  and  voltage  varies  through- 
out the  length  of  the  circuit. 

The  voltage  distribution  under  load  condition  is 
indicated  by  the  top  broken  line.  In  order  that  the  re- 
ceiving-end voltage  may  be  maintained  constant  at 
104000  volts,  the  voltage  at  the  sending-end  will  vary 
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from  84676  volts  at  zero  load  to  122370  volts  at  the 
pssumed  load. 

THE    AUXILIARY    CONSTANTS 

With  the  impedance  methods  considered  under  the 
general  heading  of  "Short  Transmission  Lines"  the  cur- 
rent was  considered  as  of  the  same  value  throughout 
the  circuit,  and  the  voltage  drop  along  the  circuit  was 
considered  as  proportional  to  the  distance.  These  as- 
sumptions, which  are  permissible  in  case  of  short  hnes, 
are  satisfied  by  simple  trigonometric  formulas. 

The  rigorous  solution  for  circuits  of  great  elec- 
trical length  accurately  takes  into  account  the  effect 
produced  by  the  non-uniform  distribution  of  the  cur- 
rent and  the  voltage  throughout  the  length  of  the  circuit. 
This  effect  will  hereafter  be  referred  to  as  the  distriku- 
lion  effect  of  the  circuit,  and  may  be  taken  into  account 


EQUIVALENT  CIRCUIT  TO  NEUTRAL 
r     INDICATES  RESISTANCE    jx  REACTANCE     jb  SUSOEPTANCE    AND  g  LEAKANCE 

,'P  F.  OF  LOAD.90%  LAGGING) 
. yOLJAJE  (LOAD  CONDITION) 


SENDING-END  DISTANCE  IN  MILES  FROM  SENDING-END  RECElv  ING -END 

FIG.    21 — DIAGRAMS    OF    TRANSMISSION    CIRCUIT — PROBLEM    X 

300  miles  long,  104000  volts  delivered,  60  cycle.  The  upper  diagram  gives  a 
physical  conception  of  the  conditions  along  the  line.  The  curves  show  the  variation 
in  current  and  voltage  along  the  circuit. 


through  the  application  of  the  so  called  auxiliary  con- 
stants of  the  circuit. 

The  auxiliary  constants  A,  B  and  C  of  the  circuit 
are  functions  of  its  physical  properties,  and  of  the  fre- 
quency onl)'.  They  are  entirely  independent  of  the 
voltage  or  current  of  the  circuit.  The  various  solu- 
tions for  long  transmission  circuits  are  in  effect 
schemes  for  determining  the  values  of  these  three 
auxiliar}'  constants.  Mathematically  they  may  be  cal- 
culated, by  hyperbolic  functions  or  by  their  equivalent 
convergent  series.  Graphically  they  may  be  obtained 
to  a  high  degree  of  accuracy  from  the  accompanying 
Wilkinson  Charts  for  overhead  circuits  not  exceeding 
300  miles  in  length.  Having  determined  the  values  for 
these  three  constants  for  a  given  circuit,  the  remainder 
of  the  solution  is  just  as  simple  as  for  short  lines  It 
is  only  necessary  to  apply  any  desired  load  conditions 
to  these  constants  and  plot  the  results  by  vector  dia- 
grams. 


DIAGRAM    OF   THE  AUXILIARY    CONSTANTS 

In  Fig.  22  are  shown  voltage  and  current  diagrams 
lepresenting  the  application  of  the  auxiliary  constants 
to  the  solution  of  transmission  circuit  problems.  To 
construct  the  voltage  vector  diagram,  the  two  auxiliary 
constants  A  and  B  are  required,  and  to  construct  the 
current  vector  diagram,  constants  A  and  C  are  required. 
Since  these  diagrams  are  based  upon  one  volt  ;:nd 
one  ampere  at  the  receiving-end,  it  is  necessary  to 
multiply  the  values  of  the  auxiliary  constants  by  the 
volts  or  the  amperes  at  the  receiving-end,  in  order  to 
apply  the  auxiliary  constants  to  a  specific  problem. 
Since  the  diagrams  are  shown  corresponding  to  unity 
power-factor,  it  will  also  be  necessary  to  change  the 
position  of  the  impedance  and  charging  current  triangles 
in  case  the  power-factor  differs  from  unity.  This  will 
he  explained  later. 

Constants  a^  and  a., — Refer- 
ring to  the  voltage  diagram.  Fig. 
22,  if  the  line  is  electrically  short 
the  charging  current,  and  conse- 
quently its  effect  upon  the  volt- 
age regulation  is  small.  In  such 
a  case  the  auxiliary  constant  a^ 
would  be  unity,  and  the  auxiliary 
constant  a,  would  be  zero.  In 
other  words,  the  impedance  dia- 
gram would  (for  a  power- 
factor  of  100  percent)  be 
built  upon  the  end  of  the 
vector  ER,  the  point  O  coin- 
ciding with  the  point  R.  In  such 
a  case,  the  voltage  at  the  send- 
ing end,  at  zero  load,  would  be 
the  same  as  that  at  the  receiving- 
end.  If  the  circuit  contains  ap- 
preciable capacitance,  the  e.m.f. 
of  self-induction,  resulting  from 
the  charging  currents  which  will 
a  lower  voltage  at  zero  load 
than  at  the  receiving-end 
of  the  line,  as  previously  explained.  Obviously, 
the  load  impedance  triangle  must  be  attached 
to  the  end  of  the  vector  representing  the  voltage  at  the 
sending-end  of  the  circuit  at  zero  load.  This  is  the 
vector  £0  of  the  voltage  diagram,  Fig.  22.  This  volt- 
age diagram  corresponds  to  that  of  a  60  cycle  circuit, 
300  miles  in  length.  In  such  a  circuit,  the  effect  of  'he 
charging  current  is  sufficiently  great  to  cause  the  shift- 
ing of  the  point  O  from  7?  (in  a  short  line)  to  the  posi- 
tion shown  in  Fig.  22.  In  oth^r  words,  the  voltage  at 
zero  load  at  the  sending-end  has  shifted  from  ER  for 
circuits  of  short  electrical  length,  to  EO  for  this  long 
60  cycle  circuit.  The  auxiliary  constants  a^  and  flj, 
therefore,  determine  the  length  and  position  of  the  vec- 
tor representing  the  sending-end  voltage  at  zero  load. 
.\  dually,  the  constant  a„  represents  the  volts  resistance 
drop  due  to  the  charging  current,  for  each  volt  at  the 


flow,    will    result    in 
at      the      sending-end 
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leceiving-end  of  the  circuit.  That  is,  the  hne  OF  equals 
approximately  one-half  the  charging  current  times  the 
resistance  R,  taking  into  account,  of  course,  the  dis- 
tributed nature  of  the  circuit.  If  the  circuit  is  short,  it 
would  be  sufficiently  accurate  to  assume,  that  the  total 
charging  current  flows  through  one-half  of  the  resist- 
ance-of  the  circuit.  To  make  this  clear,  it  will  be  shown 
later  that,  for  problem  X,  the  resistance  per  conductor 
R  =  105  ohms  and  the  auxiliary  constant  C„  = 
6.001463.  Thus,  this  line  will  take  0.001463  ampere 
charging  current,  at  zero  load,  for  each  volt  maintained 
at  the  receiving-end,  and  since  OF  =  approximately 

R  105 

/c  X    —  we  have  OF   (aj   =  0.001463  X" = 

0.0768075.  The  exact  value  of  a„  as  calculated  rigor- 
ously, taking  into  account  the  distributed  nature  of  the 
circuit,  is  0.076831.     Since  the  charging  current  is  in 


-  VOLTAGE  AT   RECEIVING -END=ONE  VOLT 


CURRENT   DIAGRAM 

.0^ 


■CURRENT  AT  RECEIVING-END=ONE  AMPERE 


FIG.    22 — DIAGRAMMATIC  REPRESENTATION  OF  AUXILIARY  CONST.\NTS 
OK  A  TRANSMISSION   CIRCUIT 

The  Vectors  are  based  upon  one  volt  and  one  ampere  being 
delivered  to  the  receiving  end  at  unity  power-factor.  These 
diagrams  correspond  to  those  of  a  long  circuit, 
leading  quadrature  with  the  voltage  ER,  the  resistance 
drop  OF  due  to  the  charging  current  is  also  at  right 
angles  to  ER,  as  in  Fig.  22. 

The  length  of  the  line  FR  or  (/ — a^),  represents 
the  voltage  consumed  by  the  charging  current  flowing 
through  the  inductance  of  the  circuit.  This  may  also 
be  expressed  with  small  error  If  the  circuit  is  not  of 

X 
great  electrical  length  as  I^  X  — •     The  reactance  per 

conductor  for  problem  X  is  249  ohms.  Therefore  FR  = 

249 
0.001463   X   —r-~=  0.182143   and  a^  ==   i.oooooo  — 


Constants  b^  and  b^  represent  respectively  the  re- 
sistance and  the  reactance  in  ohms,  as  modified  by  the 
distributed  nature  of  the  circuit.  The  values  for  these 
constants,  multiplied  by  the  current  in  amperes  at  the 
receiver-end  of  the  circuit,  give  the  IR  and  IX  volts 
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400       460 
TRANSMISSION  DISTANCE-MILES 
FIG.    23 — VARIATION    OK    THE    AUXILIARY    CONSTANTS    FOR    CIRCUITS 
OF   DIFFERENT   LENGTHS 


0.182143  =  0.817857.  The  exact  value  for  a,  as  cal- 
culated rigorously,  taking  into  account  the  distributed 
nature  of  the  circuit,  is  0.8x0558.  The  vector  FR,  re- 
presenting the  voltage  consumed  by  the  charging  cur-  drop  consumed  respectively  by  the  resistance  and  the 
rent  flowing  through  the  inductance,  is  naturally  in  reactance  of  the  circuit.  To  illustrate  this,  the  values 
quadrature  with  the  vector  OF,  representing  the  voltage  of  R  and  X  for  problem  X  are  ./?  =  105  ohms  and  X  = 
consumed  by  the  charging  current  flowing  through  the  249  ohms  per  conductor.  The  distribution  effect  of  the 
resistance  of  the  circuit.  circuit  modifies  these  linear  values  of  R  and  A'  so  that 
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Iheir  effective  values  are  b-y  =  91.7486  and  b^  = 
235.868  ohms.  The  impedance  triangle,  as  modified  so 
as  to  take  into  exact  account  the  distributed  nature  of 
the  circuit,  is  therefore  smaller  than  it  would  be  if  the 
circuit  were  without  capacitance. 

Constants  c^  and  c^  represent  respectively  conduct- 
ance and  susceptance  in  ohms  as  modified  by  the  dis- 
tributed nature  of  the  circuit.  The  values  for  lliese 
constants,  multiplied  by  the  volts  at  the  receiving-end 
of  the  circuit,  give  the  current  consumed  respectively 
by  the  conductance  and  the  susceptance  of  the  circuit. 
To  illustrate,  the  value  of  B  for  problem  X  is  0.001563 
ohm  per  conductor.  The  distribution  effect  of  the  cir- 
cuit modifies  this  fundamental  value  so  that  its  effec- 


CONSTANT  (A)=(ai-^ia2 


>/4TH  WAVE       1/2  WAVE        VaJH  WAVE    FULL  WAVE 


FIG.    24 — VARIATION    OF   THE   AUXILIARY    CONSTANTS 

For  a  60  cycle  circuit  (problem  X)  up  to  full  wave  length, 
tive  value  c^  =  0.001463.  The  value  of  c^  is  so  small 
that  its  effect  is  negligible  for  all  except  very  long  cir- 
cuits. For  power  circuits  it  will  usually  be  sufficiently 
accurate  to  neglect  c^.  The  value  c^  will  in  such  cases 
represent  the  charging  current  at  zero  load  per  volt  at 
the  receiving-end.  Thus  c,,  multiplied  by  the  receiving- 
end  voltage,  gives  the  charging  current  at  zero  load  for 
the  circuit.  For  problem  X,  c„  =  0.001463,  and  this, 
multiplied  by  the  receiving-end  voltage  to  neutral 
60  044  =  87.85  amperes  charging  current  per  con- 
ductor. 

VARIATION    IN    THE   AUXILIARY    CONSTANTS 

The  curves.  Fig.  23,  will  serve  to  illustrate  in  a 
general  way  how  the  auxiliary  constants  vary  for  hoth 


25  and  60  cycle  circuits  for  lengths  up  to  and  includ- 
ing 500  miles.  In  other  words  these  curves  have  been 
plotted  from  calculated  values  for  these  constants  for 
certain  circuits. 

When  the  circuit  is  short,  these  constants  do  not 
\ary  materially  from  the  linear  constants  of  the  cir- 
cuit, but  when  the  circuit  becomes  long,  they  depart 
rapidly,  particularly  if  the  frequency  is  high. 
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FIG.    25 — VARIATION    OF   THE   AU.XILIARY    CONSTANTS 

For  problem  A'  up  to  full  wave  length. 

The  auxiliary  constants  have  been  calculated  for 
problem  A'  up  to  and  including  a  full  wave  length, 
namely  2959  miles.  Calculations  were  made  only  for 
distances  representing  each  i/8\h.  wave,  that  is  each 
370  miles.  The  results  are  tabulated  in  Fig.  25,  and 
are  plotted  graphically  in  Fig.  24.  It  is  interesting  to 
note  how  these  auxiliary  constants  vary  with  increasing 
negative  and  positive  values  as  the  circuit  increases  in 
length.  A  polar  diagram  is  plotted  in  Fig.  26,  indicat- 
ing the  manner  in  which  the  auxiliary  constant  A  and 
its  rectangular  co-ordinates  vary.  Although  these  ex- 
treme variations  are  instructive  and  interesting,  !hey 
are  not  encountered  in  power  transmission  circuits,  al- 
though they  will  be  in  long  distance  telephone  practice. 


1/4  WAVE  LENGTH 
739,8  MILES 


yeTH  WAVE  LENGTH 
1109  7  MILES. 


'/2  WAVE  LENGTH 
1479  5  MILES 


,^&  -FULL  WAVE  LENGTH 
2959.1  MILES 


CONSTANT  (a) 


ysTH  WAVE  LENGTH 
2.'i89,2  MILES 


%TH  WAVE  LENGTH 
I  849,4  MILES 

FIG.    26 — POLAR  DIAGRAM 

Showing  the  variation  of  the  auxiliao'  c©n.stant  A  for 
Iiroblcm  A',  up  to  full  wave  length. 

THE    WILKINSON    CHARTS 

Mr.  T.  A.  \yilkinson  has  prepared  charts  from 
\',hich  the  auxiliary  constants  may  be  read  directly,  thus 
abridging  a  great  amount  of  tedious  mathematical  cal- 
culation. These  charts,  are  plotted  for  circuits  of 
lengths  up  to  and  including  300  miles.* 


♦Similar  Charts  by  Mr.  Wilkinson  were  published  in  the 
f.lcctrical  World  for  Mar.  16,  1918. 
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CHART  V— WILKINSON  CHART  A 

( FOR  DETERMINING  AUXILIARY  CONSTANTS-ZERO  LOAD  VOLTAGE' 


MlCROMHOS)-PER  MILE 
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CHART    VI— WILKINSON    CHART    B 
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CHART  VII— WILKINSON    CHART  C 


( FOR  DETERMINING  AUXILIARY  CONSTANTS-CHARGING  CURRENT  I 
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The  reading  of  these  charts  is  simplified  by  reason 
of  the  fact  that  all  three  charts  are  somewhat  similar. 
In  following  any  of  them,  the  start  is  made  from  the 
intersection  of  the  short  arc  representing  length  of  cir- 
cuit and  the  straight  line  representing  the  frequency. 
From  this  intersection  a  straight  line  is  followed  tc  a 
diagonal  line  and  thence  at  right  angles  to  the  constant 
required.  Thus  in  a  few  minutes  the  auxiliary  con- 
stants of  the  circuit  may  be  obtained  directly  from  the 
chart,  whereas  by  a  mathematical  solution  from  15 
minutes  to  an  hour  might  be  consumed  in  obtaining 
them.  It  is  not,  however,  the  time  saved  in  obtain/ng 
these  constants  which  is  most  important.  The  greatest 
advantage  in  this  graphical  solution  for  the  auxiliary 
constants  is  that  it  not  only  abridges  the  use  of  a  form 
of  mathematics  which  the  average  engineer  is  inefficient 
in  using,  but  it  tends  to  prevent  serious  mistakes  being 
made.  In  calculating  these  auxiliary  constants  by 
either  convergent  series  or  hyperbolic  methods,  an  in- 
correct algebraic  sign  assigned  to  a  number  may  cruse 
a  very  serious  error.  Errors  of  magnitude  are  less 
likely  to  occur  when  using  a  comparatively  simple 
graphical  solution. 

In  order  to  determine  the  accuracy  obtainable  by  a 
complete  graphical  solution,  using  the  Wilkinson  Charts 
for  obtaining  the  auxiliary  constants  and  vector  dia- 
grams for  the  remainder  of  the  solutions,  48  problems 
were  solved  both  graphically  and  mathematically. 
These  problems  consisted  of  circuits  varying  betv/een 
20  and  300  miles  in  length,  and  voltages  varying  be- 
tween 10  000  and  200000  volts.  Twenty-four  prob- 
lems were  for  25  cycle,  and  the  same  number  for  60 
cycle  circuits.  The  maximum  error  in  supply  end  volt- 
rge  by  the  graphical  solution  employing  a  four  times 
magnifying  glass  was  one-fourth  of  one  percent.  A 
tabulation  of  the  results  as  determined  by  various 
methods  for  these  circuits  will  follow  later. 

APPLICATION  OF  TABLES 

The  application  of  the  tables  to  long  transmission 
lines  follows,  in  general,  the  same  plan  as  for  short 
lines,  published  as  Chart  II,  with  such  modifications  as 
are  produced  by  the  effects  of  distributed  capacitance 
and  reactance.  The  procedure  best  suited  for  long 
transmission  lines  is  shown  in  Chart  VIII. 


CHART    VIII.     APPLICATION    OF    TABLES    TO 
LONG    TRANSMISSION    LINES 

(EFFECT  OF  DISTRIBUTED   CAPACITANCE  TAKEN  INTO 
ACCOUNT)      OVERHEAD  BARE  CONDUCTORS 


Starting  with   the  kv-a.,   voUage  and  power-factor  at 
the  receiving  end  known. 


QUICK  ESTIMATING  TABLES  XII  TO  XXI  INC. 

From  the  quick  estimating  table  corresponding  to  the 
voltage  to  be  delivered,  determine  the "  size  of  the  con- 
ductors corresponding  to  the  permissible  transmission  loss. 


CORONA  LIMITATION— TABLE  XXII  - 

If  the  transmission  is  at  30000  volts,  or  higher,  this 
table  should  be  consulted  to  avoid  the  employment  of  con- 
ductors having  diameters  so  small  as  to-  result  in  excessive 
corona  loss. 


RESISTANCE— TABLE  II 

From  this  table  obtain  the  resistance  per  unit  length 
of  single  conductor  corresponding  to  the  maximum  operat- 
ing temperature — calculate  the  total  resistance  for  one  con- 
ductor of  the  circuit — if  the  conductor  is  large  (250000 
circ.  mils  or  more)  the  increase  in  resistance  due  to  skin 
effect  should  be  added. 


REACTANCE— TABLES  IV  AND  V 

From  one  of  these  tables  obtain  the  reactance  per  unit 
length  of  single  conductor.  Calculate  the  total  reactance 
for  one  conductor  of  the  circuit.  If  the  reactance  is  ex- 
cessive (20  to  30  percent  reactance  volts  will  in  many  cases 
be  considered  excessive)  consult  Table  VI  or  VII.  Hav- 
ing decided  upon  the  maximum  permissible  reactance  the 
corresponding  resistance  may  be  found  by  dividing  this 
reactance  by  the  ratio  value  in  Table  VI  or  VII.  When 
the  reactance  is  excessive,  it  may  be  reduced  by  installing 
two  or  more  circuits  and  connecting  them  in  parallel,  or 
by  the  employment  of  three  conductor  cables.  Using 
larger  conductors  will  not  materially  reduce  the  reactance. 
The  substitution  of  a  higher  transmission  voltage,  with  its 
correspondingly  less  current,  will  also  result  in  less  react- 
ance. 


CAPACITANCE  SUSCEPTANCE- 
IX  AND  X 


-TABLES 


From  one  of  these  tables  obtain  the  capacitance  sus- 
ceptance  to  neutral,  per  unit  length  of  single  conductor. 
Calculate  the  total  susceptance  for  one  conductor  of  the 
circuit  to  neutral. 


GRAPHICAL  SOLUTION  OF  PROBLEM  X 

Problem  X — Length  of  circuit  300  miles,  conduc- 
tors three  No.  000  stranded  copper  spaced  10  by  10  by 
20  feet  (equivalent  delta  12.6  feet)  Temperature  token 
as  25  degrees  C.  Load  conditions  at  receiving-end 
18000  kv-a,  (16200  kw  at  90  percent  power- factor  lag- 
ging) 104  000  volts,  three-phase,  60  cycles. 


£rn 


=  60046  volts. 


/r         = 


1732 

6000  X  1000 


60046 


=  99.92  amperes. 


GRAPHICAL  SOLUTION 

From  the  Wilkinson  charts  obtain  the  auxiliary  con- 
stants. Applying  these  auxilian'  constants  to  the  load  con- 
ditions of  the  problems,  make  a  complete  graphical  solution 
as  explained  in  the  text.  Vector  diagrams  of  the  voltage 
and  the  current  at  both  ends  of  the  circuit  are  then  con- 
structed, from  which  the  complete  performance  can  be 
readily  obtained  graphically. 


MATHEMATICAL  SOLUTION 

As  a  precautidh  against  errors  in  those  cases  where 
accuracy  is  essential,  the  result  obtained  graphically  should 
be  checked  by  the  convergent  series  or  the  hyperbolic 
method. 
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From  tables  the  following  linear  constants  per  mile 
are  determined. — 

'■      =  0.35  nhm   {Table  No.  II) 
X     =  0.83  o/iwi   (Table  No.  V  by  interpolation) 
b     =  5.21  microhms  (Table  No.  X  by  interpolation) 
=  (1;!  this  case  taken  as  zero) 


9 
therefore, 


and, 


rb    =  0.35  X  5-21  ==  1.82 


rb"-  =  0.35  X  5-2r'  =  9.50 
The  auxiliary  constants  of  the  above  circuits  are 
now  taken  directly  from  the  Wilkinson  Charts.     This 
problem  is  stated  on  the  Wilkinson  chart.     Following 


AUXILIARY  CONSTANTS  OF  CIRCUIT 

(CALCULATED  RIGOROUSLY  BY  CONVERGENT  SERIES)  ' 
(A)  =    *   as  1 066E  ♦  j  0076831  (B)=    *       91.7486  +  j23 

(a|*ja2)  =  (b|--jb 

—  8M2  /  6*  24'  63'  =263,083    /68'44'a 


(C)  = 


;  OHMSj 


-  000004  I     *  j  0.00  1463 
(C,*jOj) 
aOOI464  \9I'36'36-  MHO 


VOLTAGE   DIAGRAM 
RECEIVING-END  LOAD   OF     99.92   AMPERES 
AT  90%  P.F.  LAGGING 


-48.671  VOLTS  =Ern  Xa,. 

-60  046  VOLTS  =  E 


*j  7.68  AMPERES=LKa2 
FIC.    2f>— CK AI'HIC    Snl.rTION    OF    I'ROHLEM    X 

the  directions  printed  on  tiie  charts,  we  obtain  for  this      ^ 

circuit  the  following  values  for  the  au.xiliary  constants. 

(h  '-=  o.8i       bt  =  01.7     fi  =  0.00004 
a.  =  0.077     b:  =  235     f:  =  0.00  i  46 

From  this  point  on,  the  solution  is  made  graphically 

as  indicated  in  Fig.  27.     It  should  be  noted  here  that 

the   auxiliary   constants   obtained    from   the   Wilkinson 

Charts  are  practically  the  same  as  those  stated  at  the 

top  of  Fig.  27,  which  values  were  Calculated  rigorously 

by    convergent   series.     We    will    employ    the    rigorous 

values  in  plotting  the  diagram  so  that  the  values  on  the 

diagram  will  agree  with  the  values  of  voltage  and  cur- 


rent calculated  rigorously  which  will  appear  in  a  liter 
section.  The  /  terms  preceding  some  of  the  numerical 
values  in  Fig.  2/  apply  to  the  mathematical  treatment, 
and  have  no  significance  in  connection  with  the 
graphical  solution. 

VOLTAGE   DIAGRAM 

The  vector  ER,  representing  the  constant  voltage 

at  the  receiving-end   (for  all  loads)   is  first  laid  off  to 

some  convenient  scale.     Along  this  vector,  starting  from 

E,  lay  off  a  distance  equal  to  the  receiving-end  voltage 

multiplied     by     the     constant     a, 

(60046    X    0.810558    =    48,671 

volts).      This    is    EF   of    Fig.    27. 

From  F  lay  off  vertically  (to  the 

same  scale)    the  line  FO  equal  to 

the  receiving-end  voltage  multiplied 

by    the    constant    a,     (60046    X 

0.076831  =  4613  volts).     Connect 

the    points    0    and    £    by    a    line. 

This  line  EO  represents  the  voltage 

at   the    sending-end   at   zero   load. 

._  This  voltage  vector  may,  if  desired, 

^*i8  525  VOLTS  be  located  by  polar  co-ordinates  in 
>R~^coRRESPONDiNG       place   of    rectaugular   co-ordinates. 
If  it  is  desired  to  work  with  polar 
co-ordinates  lay  off  the  line  EO  at 
an  angle  of  5°  25'  in  the  forward 
direction    from    the    receiving-end 
voltage  vector  ER.  (For  the  graphi- 
cal solution  it  is  not  necessary  to 
take  account  of  seconds  in  angles) 
The  length  of  the  vector  EO  will 
be   found  by   multiplying  the  con- 
stant A  by  the  receiving-end  volt- 
#oB    age    (0.8142    X   60044  =  48889 
0^0  volts). 

Having  located  the  point  O,  the 
impedance  triangle  is  built  upon  it 
in    the    following    manner.      Since 
the  power-factor  of  the  load  's  90 
jiercent  lagging,  determine  from  a 
table  of  cosines  what  the  angle  is 
whose  cosine  is  0.9.     This  is  found 
(from  Table  K)  to  be  25  degrees, 
50  minutes.     Lay  oiY  the  line  OD 
at     an     angle     with     the     vector 
cf     reference    ER    of    25°    50'    in    the    lagging    di- 
rection.      The    length    of     OD     will    be     determined 
by  multiplying  the  current  in  amperes  per  conductor  by 
the   auxiliary   constant   fc,    (99-92   X   91.7486  =  9167 
volts).     This  represents  the  resistance  drop  per  con- 
ductor.    From  the  point  D  thus  found  dravi-  a  line  DS 
at  right  angles  with  OD.     This  line  DS  represents  the 
reactance  volts  per  conductor;  its  length  is  found  by 
multiplying  the  current  in  amperes  per  conductor  by  the 
auxiliary  constant  b.,  (99.92  X  235.868  =  23  568  volts). 
Connect  the  point  5"  with  E,  the  length  of  which  rer^re- 
scnts  the  voltage  (70652  volts)  at  the  sending-end  for 
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reference  ER.  The  length  of  //  is  found  by  multiply- 
ing the  receiving-end  voltage  by  the  constant  c, 
(60046  X  0.000041  =^  2.462  amperes).  Since  c,  is  a 
negative  value  the  line  //  turns  to  the  left,  the  negative 
direction.  From  the  point  /  thus  located  draw  the 
vertical  line  IR  equal  to  the  receiving-end  voltage 
multiplied  by  the  constant  c.  (60046  X  0.001463  = 
87.85  amperes).  This  locales  the  point  H,  which  is 
now  connected  liy  a  line  with  R.  The  vector  EH  re- 
presents the  sending-end  current  =  94.75  amperes. 

The   vector   representing    the   sending-end   voltage 
having  been  located  in  the  voltage  diagrams  at  an  angle 


the  load  conditions  assumed.  The  vector  OS  could  be 
laid  off  by  the  use  of  polar  ordinates  as  follows.  The 
polar  co-ordinate  OS  is  stated  as  i?  =:  253.08 
/68°  44'  41"  per  ampere  at  the  receiving-end.  68°  45'  — 
25°  50'  =  42°  55'  the  angle  COS.  The  vector  OS  is 
therefore  laid  off  at  an  angle  of  42°  55'  with  the  vector 
of  reference  ER  or  OC.  The  length  of  the  vector  OS 
is  253.08  X  99-92  =  25  288  volts.  The  triangle  OCS 
indicated  by  broken  lines  is  not  required  for  the 
graphical  solution  but  is  calculated  in  the  case  of  one 
form  of  mathematical  solution  which  will  follow. 

Had  the  power-factor  of  the  receiving-end  load 
been  unity  in  place  of  90  percent  lagging,  the  imped-  of  18  degrees  in  the  leading  direction,  may  be  plotted 
ance  triangle  would  have  been  plotted  vertically,  that  is  in  the  current  diagram.  The  angle  between  the  current 
OD  would  have  been  drawn  parallel  with  ER.  In  the  and  the  voltage  at  the  sending-end  may  be  measured 
bottom  diagram  (representing  the  graphical  solution  for  and  will  be  found  to  be  25°  52'  for  this  problem,  cor- 
responding to  a  power- factor  of  93.42  per- 
cent. Since  the  current  vector  leads  the 
voltage  vector  the  power-factor  at  the  send- 
ing-end is  leading. 

It  has  been  shown  above  how  to  deter- 
mine graphically  the  voltage,  current, 
phase  angle  and  consequently  the  power- 
factor  at  the  sending-end  of  the  circuit. 
These  values  thus  determine  the  true  power 
input  at  the  sending-end.  This  true  power 
may  also  be  determined  graphically  as  fol- 
lows. 

The    component    of    the    current   at   the 
sending-end    which    is    in    phase    with    the 
voltage  at  the  sending-end  may  be  scaled 
oft'  on  the  current  diagram  in   Fig.  27  as 
follows.     On  the  diagram  the  vector  EH 
'the'"effecr"ofi'epresents  the  direction  and  value  of  the 
current  at  the  sending-end  and  the  vector 
£\,n    the    direction    of    the    voltage    at    the    sending- 
end.       At     right     angles     to     the     vector     £5,,     draw 
the  line  HM  passing  through  the  point  H  (the  end  of 
the   current  vector).     To   the  same  scale   that  EH  is 
drawn  measure  off  along  the  vector  E^n  the  distance 
from  E  to  M.     This  will  be  the  amperes  in  phase  with 
the  voltage  at  the  sending-end.     This  value  multiplied 
by  the  voltage  at  the  sending-end,   will  give  the  true 
power  at  the  .sending-end.  r 

COMPARATIVE  GRAPH  ICAI,  SOLUTIONS 

In  Fig.  28  are  shown  two  graphical  solutions  for 
problem  X.  The  full  line  diagram  is  correct,  taking 
into  account  the  effect  of  the  distributed  capacitance. 
The  broken  line  diagram  (the  Mershon  chart  for  .«hort 
lines)  does  not  take  into  account  any  capacitance  effect. 
Of  course  the  Mershon  chart  would  not  be  employed 
in  the  solution  of  long  lines,  such  as  given  in  problem 
A'.  It  is  shown  here  simply  to  illustrate  wherein  these 
two  grai^hical  methods  differ.  The  following  remarks 
regarding  the  Mershon  chart  will  apply  equally  to  any 
of  the  other  impedance  methods,  since  they  take  no 
account  of  capacitance  effect. 


FKi.   28 — COMPARISON    OF  GRAPHICAL   SOLUTIONS    FUK   PROBLEM    X 

The  full  line  diagram  takes  into  account    the   effect   of    distributed   capaci 
t:iiK-c.     The  dotted  line  diagram  (impedance    method)     neglects 
capacitance. 

current)  the  position  of  the  impedance  diagram  is  in- 
dicated by  broken  lines  corresponding  to  loads  of  three 
different  power- factors. 

CURRENT  DIAGRj^.Al 

Lay  oft"  the  vector  ER  repiesenting  the  direction 
of  the  receiving-end  voltage.  Since  the  power- factor 
of  the  current  at  the  receiving-end  is  90  percent  lag- 
ging, lay  oft'  the  line  EK  at  an  angle  of.  25°  50'  from 
the  vector  of  reference  ER  and  in  the  lagging  direction. 
To  some  suitable  scale  for  the  current  values,  measure 
off  EK  equal  to  the  current  at  the  receiving-end  inulti- 
plied  by  the  constant  a,  (99-92  X  0.810558  =  80.99 
amperes).  From  the  point  A'  thus  located  lay  oft'  K.l  at 
light  angles  to  EK  and  ecjual  in  length  to  the  receiving- 
end  current  multiplied  by  constant  a.,  (99.92  X  0.076S31 
=  7.68).  This  fixes  the  point  J  upon  which  the  charg- 
ing current  diagram  will  be  built.  The  point  J  may  nlso 
be  located  by  the  use  of  polar  co-ordinates  if  desired. 
Thus  EJ  =  25°  50'  —  5°  25'  :=  20°  25'  in  a  lagging 
direction  from  the  vector  of  reference  ER.  The 
length  of  EJ  =  99.92  X  0.8142  =  81.35  amperes. 

Now   draw   the  line  IJ  parallel    to   the   vector  of 
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The  Mershon  chart  is  built  upon  the  receiving-end 
current  as  a  vector  of  reference,  whereas  the  full  line 
chart  is  built  up  from  the  receiving-end  voltage  as  a 
vector  of  reference.  The  impedance  triangle  in  the  full 
line  chart  is  built'  upon  the  vector  representing  the  yero 
load  voltage  at  the  sending-end,  whereas  the  broken  line 
impedance  triangle  is  built  upon  the  vector  representing 

CHART  IX-PETER'S   EFFICIENCY  CHART 
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another  source  of  error  in  the  application  of 
the  Mershon  chart  to  circuits  of  considerable 
capacitance.  The  full  line  impedance  triangle  takes 
into  account  the  distributed  effect,  or  change  in 
current  along  the  circuit,  whereas  the  Mershon  chart 
is  based  upon  the  current  being  of  the  same  value 
throughout  the  length  of  the  circuit. 

The  actual  sending-end  voltage  is 
70652,  as  indicated  on  the  full  line 
chart,  whereas  by  the  broken  line 
or  Mershon  chart  method  it  would 
be  incorrectl)'  given  as  82  252  volts. 


To  obtain  efficiency  at  any  given  load,  lay  a  straight  edge  across  the  given 
TR  and  constant  loss  values  and  read  the  cfliciencics  at  the  required  loads  on  the 
corresponding  scales.  The  total  percent  loss  at  full  load  may  also  be  obtained 
simultaneously. 

To  obtain  the  variable  and  constant  components  of  the  loss  and  the  corre- 
sponding total  percent  loss  at  full  load,  when  efficiency  values  corresponding 
to  any  two  loads  are  given,  place  a  straight  edge  across  the  two  given  points 
and  read  the  required  percent  losses  on  their  respective  scales.  Likewise,  if 
the  efficiency  corresponding  to  a  given  load  is  known  and  the  constant  loss,  for 
example,  is  known,  the  variable  loss  corresponding  to  the  given  load  may  be 
read  from  the  I'R  scale,  and  the  total  percent  loss  from  its  scale. 


the  voltage  at  the  receiving-end.  Herein  lies  the 
principle  source  of  error  in  the  application  of  the 
Mershon  chart  to  circuits  of  considerable  capacitance. 
The  correct  position  for  the  impedance  triangle  is  on 
the  end  of  the  vector  representing  the  sending-end  volt- 
age at  zero  load. 

The  impedance  triangle  is  smaller  in  the  full  dia- 
gram   than    in    the    Mershon    diagram.      Herein    lies 


EFFECT  OF  TRANSFORMERS 


In  the  foregoing  discussions  no 
account  has  been  taken  of  the  volt- 
age drop  through  transformers. 
Transmission  circuits  usually  have 
lowering  transformers  connected 
between  them  and  the  receiving-end 
load  and  usually  there  are  also 
transformers  in  the  sending-end  of 
the  transmission  circuit. 

The  inductance  and  capacitance 
of  a  transformer  are  not  distri- 
buted in  the  same  manner  as  those 
of  the  transmission  circuit  to  which 
the  transformer  may  be  connected. 
It  is  difficult  to  take  into  exact  ac- 
count the  effect  of  the  trans- 
formers, but  for  practical  purposes 
of  power  transinission  circuits  it 
will  usually  be  sufficient  to  ignore 
the  effect  of  the  comparatively 
small  capacitance  of  the  trans- 
former windings,  but  to  take  ac- 
count of  the  reactance  of  the 
transformers  in  the  following 
manner. 

As  an  illustration,  assume  that 
problem  A'  contains  a  bank  of 
transformers  (or  one  three-phase 
transformer)  of  18  000  kv-a  total 
capacity  at  each  end  of  the  circuit, 
and  that  it  is  desired  to  take  into 
account  the  effect  of  these  trans- 
foriners  upon  the  voltage  regulation 
between  the  generator  bus  and  the 
receiving-end  load.  The  raising 
and  lowering  transforiners  will  be 
considered  as  a  part  of  the  trans- 
mission circuit,  and  their  resistance  and  their  reactance 
added  to  that  of  the  transmission  conductors.  The  cal- 
culation will  be  made  in  terms  of  the  high-tension  cir- 
cuit. If  results  are  desired  in  terms  of  the  low  volt- 
age side  of  the  transformers,  they  may  be  obtained  from 
the  ratio  of  transformation.  The  connection  of  the  trans- 
formers is  iinmaterial,  as  the  results  will  be  the  same 
whether  star  or  delta  connection  is  assumed. 
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Table  M  indicates  approximately  the  variation  in 
the  values  of  the  resistance  and  the  reactance  volts  for 
25  and  60  cycle  transformers  corresponding  to  units  of 
various  capacities.  Since  the  performance  of  trans- 
formers, as  applied  to  specific  cases,  may  vary  greatly 
from  these  tabular  values,  it  will  be  desirable  in  each 
case,  where  the  transformers  are  included  in  the  calcu- 
lations, to  obtain  the  exact  performance  of  the  trans- 
formers. In  order  to  illustrate  the  application  of  the 
Peter's     efficiency     chart,     it     will     be     assumed     that 


CHART  X- 


IT 


2— 


Ji 


Power-Facti 

90   85 


PETER'S  REGULATION  CHART 

f  Load-Percent 


F.-5 


per    transformer    to    neutral.     The    assumed    perform- 
ance is  as  follows: — 

Efficiency  at  full  load  =  98.28  percent. 
Efficiency  at  one-fourth  load  =  96.Q8  percent. 
Regulation  at  100  percent  power-factor  =  1.15  percent. 
Regulation  at    80  percent  pozfer-factor  r^  3.74  percent. 
By  laying  a  straight  edge  across  the  two  known  effi- 
ciency points  on  Chart  IX,  the  iron  and  copper  losses 
expressed  in  percent  of  full  load  kv-a  of  0.72  percent 
and  1.05  percent  respectively  may  be  read  directly  from 
the  chart. 

The    e.xact    values    for   the   iron   and 
copper  loss  may,  if  desired,  be  calculated 
by  the  following  simple  algebraic  proce- 
_  dure.     At  full  load  the  input  is, — 

"  18000000 

^;  so    that    the    total    loss    at    full    load    is 

f  3 1 5  020  watts. 

f{.  At  one  fourth  load  the  input  is, — 

"  4  qoo  000 

r.-  ^ ■;r-x-  —    4640  130   ZVatts 

r.-'-.j  so  that  the  total  loss  is  140  130  watrs. 

I:  Then  let  .r  =  the  iron  loss  at  all  loads 

r-  and  y  ^^  the  copper  loss  at  full  load 

^■  llun  .r  -I-  y  =  315020  watts 


,<1  .V  -f 


140  130  watts 


6 

(the  copper  lo^s  vari 
square  of  the  load) 
so  Ihat  16.V  -4- 

's  app 

roximately 
2242080 

as  the 

and  since 

.r 

+ 

V  = 

315 

020 

l.i-r 

.— 

1927 

060 

so  that  -v 
and  V 

— 

128 
186 

470  watts 
550  watts 

or  0.71  percent 
or  1.04  percent 

To  obtain  the  regulation  for  a  load  of  any  power- factor,  lay  a  straight 
edge  across  the  given  percent  resistance  and  reactance  values,  and  read  the 
regulation  at  various  power-factors  of  load  on  the   respective  scales. 

To  obtain  the  resistance  and  reactive  components  when  the  regulations 
corresponding  to  two  power-factors  arc  given,  place  a  straight  edge  across  the 
given  points  and  read  the  required  components  on  their  respective  scales. 
Values  for  power-factors  between  those  for  which  scales  are  given  can  be 
closely  approximated  by  interpolation. 

The  broken  line  scales  are  primarily  for  determining,  by  means  of  a 
straight  edge,  the  reactance  when  the  impedance  drop  and  resistance  drop  are 
known.  Obviously,  with  any  two  of  these  three  factors  given,  the  third  can 
be  obtained  directiv  from  the  broken  line  scales. 


in  this  case  only  the  efficiency  and  the  regulation  of  the 
transformers  are  known.  We  will  assume  also  that  the 
transformers  will  be  18000  kv-a,  three-phase,  and  that 
one  will  be  installed  at  each  end  of  the  circuit.  Re- 
quired to  find  the  resistance  and  the  reactance  (in  ohms) 


which  check  closely  with  the  values  as 
previously  read  from  Chart  IX. 

Assuming  a  voltage  to  neutral  for 
these  transformers  of  60046  volts  and  a 
current  of  99.92  amperes  per  conductor, 
the  copper  loss  of  1.04  percent  will  re- 
sult in  an  IR  voltage  drop  of  60  046  X 
0.0104  =  624  volts  to  neutral.  The 
ohms      resistance      will      therefore     be 

!^     =625  ohms  to  neutral  for  each 

99.92 

transformer.  Since  the  resistance  of 
each  line  conductor  is  105  ohms  the  re- 
sistance per  conductor  including  an 
equivalent  value  to  correspond  to  the  re- 
sistance in  the  high  and  low  tension 
windings  of  two  transformers  will  be, — 
R  -\-  Rt  =  105  +  6.25  +  6.25  =  1 17-5  ohms. 
The  percent  reactance  volts  of  a  trans- 
former having  3.74  percent  regulation  at  80  percent 
lagging  power- factor  and  1.04  percent  resistance  volts 
may  be  read  directly  from  Peter's  Regulation  Chart 
(Chart  X)  by  laying  a  straight  edge  along  the  points 
Torresponding  to  1.04  percent  resistance  and  3.74  on  the 
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80  percent  power-factor  line.  The  intersection  of  the 
straight  edge  with  the  last  solid  line  at  the  right  will 
give  the  percent  reactance,  ^=  4.85  percent. 

The  percent  reactance  volts  can  also  be  read 
directly  from  the  Mershon  Chart.  To  do  this, 
follow  upward  the  vertical  line  in  the  Mershon 
Chart  corresponding  to  80  percent  power-factor 
until  it  intersects  the  first  arc.  From  this  point  of 
intersection  follow  the.  horizontal  line  to  the  right  a 
distance  corresponding  to  1.04  peicent  resistance  volts. 
From  the  point  thus  obtained  follow  the  vertical  line 
until  the  arc  representing  3.74  percent  voltage  drops  is 
reached.  The  length  of  this  vertical  line  will  be  the 
percentage  reactance  volts  of  the  transformer,  in  this 
case  4.8  percent.     Of  course  the  reactance  may,  if  de- 

TABLE  M -APPROXIMATION    OF    RESISTANCE   AND   RE- 
ACTANCE VOLTS  FOR  TRANSFORMERS  OF 
VARIOUS  CAPACITIES 


Transformer 
Capacity 
in  Kv-a 

Voltage  Drop  in  Percent 

Resistance 

I       Reactance 

25  cycles 

60  cycles 

25  cycles  1  60  cycles 

300 
500 
750 

2.J5 
1-4 
1.2 

13 
I.I 

4.0  1       5.6 

4.1  1       6.0 
4-2        1      6.3 

1000 
1500 
2000 

1-7 
1-4 
1-3 

i.i 
0.0 
0.8 

6.0               6.5 
62               7.0 
64               7.0 

3000 
5000 
7500 

1.2 

I.I 

I.O 

0-75 
0.65 
0.6 

6.8               7.0 

7.2               7.0 
7.8               8.0 

1 

10  ODD 
15000 
25000 

1.0 
0.05 
o.g 

0.6 
0.5s 
0.5 

1 
8.0        1      8.0 
8.0              8.5 
8.0              g.o 

sired  be  calculated  by  following  the  general  construc- 
tion traced  out  as  above  described  upon  the  Mershon 
chart,  but  the  chart  will  give  sufficiently  accurate  values 
for  practical  purposes. 

The  volts  necessary  to  overcome  the  reactance  of 
the  windings  of  one  of  these  transformers  is  therefore 
found  to  be  60  046  X  0.048  =  2882  volts  to  neutral.  The 

()hms  reactance  will  therefore  be   =  28.84  ohms 

99.92 

to  neutral  for  each  transformer.     Since  the  reactance 

of  each  line  conductor  is  240  ohms,  the  reactance  per 


conductor,  including  an  equivalent  value  to  correspond 
to  the  reactance  in  the  high  and  low  tension  windings  of 
two  transformers  will  be, — 

A'  4-  X,  =  249  4-  28.84  +  28.84  =  306.68  ohms. 
The  impedance  of  one  conductor  of  the  circuit  of 
])roblem  X  including  the  raising  and  lowering  trans- 
formers will  be, — 

Z  =  117.5  4-  y  306.68  uhms 
and         Y  =:  {assumed  to  be  the  same  as  without  the  traiis- 
■   formers). 

With  the  assumed  values  for  the  impedance,  the 
l)erformance  of  the  combined  circuit  may  be  calculated 
as  though  there  were  no  transformers  in  the  circuit. 

VOLTAGE  AND  CURRENT  AT  INTERMEDIATE   POINTS  ALONG 
THE  CIRCUIT 

Thus  far  we  have  considered  the  electrical  condi- 
tion at  the  two  ends  of  a  transmission  circuit  only.  Oc- 
casionally it  may  be  desired  to  determine  the  voltage  or 
the  current  at  a  point,  or  at  various  points  along  the 
circuit.  In  Fig.  21,  graphs  of  the  voltage  and  of  the 
current  are  shown  for  points  between  the  terminals  of 
a  circuit  corresponding  to  the  condition  of  zero  load, 
and  also  of  rated  load.  The  graphs  were  plotted  by 
determining  graphically  the  voltage  and  the  current  for 
points  at  50  mile  inter\als  along  this  300  mile  circuit, 
as  follows : — 

To  determine  the  conditions  250  miles  from  the 
sending-end,  (50  miles  from  the  receiving-end)  the 
three  auxiliaiy  constants  were  obtained  from  the 
Wilkinson  charts  corresponding  to  a  circuit  50  miles 
long.  In  other  words,  it  was  assumed  that  the  circuit 
was  only  50  miles  long.  By  multiplying  these  auxiliary 
constants  by  the  known  voltage  and  current  at  the  re- 
ceiving-end of  the  circuit,  voltage  and  current  diagrams 
were  constructed  as  in  Fig.  27  and  on  these,  the  corre- 
sponding values  of  voltage  and  current  at  the  sending- 
end  of  the  50  mile  section  were  scaled  off.  This  gives 
the  conditions,  for  the  load  assumed,  at  a  point  250 
miles  from  the  sending-end.  In  a  similar  manner  the 
voltage  and  current  at  this  point,  corresponding  to  zero 
load  at  the  receiving-end,  may  be  obtained.  A  similar 
precedure  will  determine  the  electrical  conditions  for  a 
I  oint  100  miles  from  the  receiving-end  (200  miles  from 
the  sending-end).  The  auxiliary  constants  will  this 
time  be  read  from  the  charts,  corresponding  to  a  100 
mile  circuit,  but  the  same  receiving-end  conditions  will 
be  used,  as  before.  The  electrical  condition  for  any 
intermediate  points  along  any  smooth  line,  may  thus  be 
rcadilv  determined. 


Elecirio  CoiuroIJoj'3  sor  IVli.i.io  S'lokts 


W.   C,   (iiKihwi.x 


THE  APPLICATION  of  electricity  to  the  hoist- 
ing of  coal  and  metals  from  mines  has  developed 
during  the  last  decade  to  such  an  extent  that 
practically  all  new  installations  are  electrically  operated, 
and  many  old  steam-driven  hoists  are  being  replaced 
by  motor  drives,  with  a  large  increase  in  efficiency  and 
work  done  by  the  hoist.  As  a  result,  controllers  are 
rieeded  for  increasingly  larger  power  and  higher  po- 
tential alternating-current  motors.  In  many  installa- 
tions, controllers  must  be  capable  of  reversing  the  motor 
frequentl)^  of  giving  automatic  acceleration,  speed  con- 
trol, numerous  safety  features,  ani;l  be  of  simple  :  nd 
rugged  construction.  With  the  increase  in  size  and 
voltage  of  motors  for  these  installations,  new  primar}- 
circuit   controllers  have  been   devt-lnped    whicli   permit 


a  6.5  percent  grade  while  the  rest  of  the  slope,  which  is 
used  as  a  runaway  outside  of  the  mine,  has  a  grade  of 
four  percent.  Coal  is  hoisted  not  only  from  the  bottom 
of  this  slope,  but  also  from  a  level  about  midway.  At 
this  level  the  cars  have  to  be  pulled  around  a  curve  onto 
the  main  track,  recjuiring  the  maximum  torque  of  the 
hoist  motor. 

A  novel  use  has  been  planned  for  this  hoist  for  the 
future.  As  the  cars  are  hoisted,  they  are  pushed  out 
onto  a  storage  runway,  and  from  there  delivered  to 
the  tipple  by  a  storage  battery  locomotive.  The  coal 
is  then  loaded  into  railroad  cars  and  carried  ten  miles 
10  a  nearby  river,  which  is  at  a  lower  level.  At  this 
jioint  there  is  a  level  entrance  into  another  mine  of  the 
■-.•niie   rnm|iain',    wliicli    runs   b;i('k    wilbin    Severn]    niile'^ 


li'r,    I — \li;\\    nK    Unisi    HOUSE   AND   TIPPLE 

111  the  for(.groiiiid  is  shown  the  hoist  house  which  houses  ihc  electric  hoist  and  control  apparatus.  The  cable  runway 
appears  in  the  foreground  from  the  hoist  house  toward  the  mine  at  the  right.  After  the  coal  wagons  arc  hoisted  out  of  the 
mine,  they  are  allowed  to  run  baek  through  a  switch  onto  a  storage  siding.  A  storage  battery  locomotive  then  pushes  them 
to  the  lower  end  of  the  tipple  slope,  where  a  continuous  slow  moving  chain,  with  projections  at  equal  intervals,  hoists  them 
to  the  top.  where  the  coal  is  dumped.  The  same  chain  then  lowers  the  empty  wagons  down  an  adjacent  slope  to  the  bottom. 
After  leaving  the  chain,  the  wagons  roll  down  onto  a  siding,  and  are  then  pushed  by  the  storage  battery  locomotives  back 
onto  the  empty  siding,  where  the  main  hoist  cable  lowers  theni  into  the  mine. 


t'lequent  closing  and  interrupting  of  high  potential  cir- 
cuits without  undue  wear  or  decrease  in  reliability,  due 
to  the  deterioration  of  such  elements  as  the  oil  in  cir 
cuit  breakers.  Controllers  used  with  small  power  and 
low-voltage  motors,  are  of  a  standard  low  voltage  type, 
which  have  been  somewhat  standardized.  But  with 
high-voltage  motors,  different  primary  controllers  are 
necessary,  such  as  contactors  under  oil,  or  larger  and 
more  efficient  air-break  contactors. 

A  noteworthy  and  typical  installation  of  a  high- 
voltage  electric  motor  mine  hoist,  showing  the  latest 
trend  of  engineering  development  in  hoist  and  control 
apparatus,  is  shown  in  Fig.  i.  This  is  a  slope  hoist  for 
one  of  the  largest  bituminous  coal  mines  in  western 
Peimsylvania.  It  is  a  single  track  slope  and  conse- 
quently has  an  unbalanced  load.  The  slope  is  from  four 
to  five  thousand  feet  in  length,  95  percent  of  which  has 


of  the  first  mine,  but  at  a  much  lower  level.  In  the  fu- 
ture development  of  these  mines  it  is  planned  to  lower 
the  coal  from  mine  number  one  to  the  lower  number 
two  mine,  instead  of  lifting  it  to  the  surface  and  trans- 
]  orting  it  to  the  river  by  railroad.  This  will  be  done 
by  cutting  the  present  slope  through  to  the  second  mine 
and  using  the  present  hoisting  equipment  to  lower  the 
c(,>al  from  the  upper  to  the  lower  mine  whence  it  will  be 
hauled  by  mine  locomotives  to  the  river  entrance,  where 
no  hoisting  equipment  is  necessary.  The  new  slope  will 
he  between  two  and  three  miles  long. 

The  present  haulage  consists  of  twenty  to  twenty- 
five  cars,  of  1.75  tons  each,  loaded  with  6.5  tons  of 
coal  on  the  up-grade  travel.  On  lowering,  the  load 
consists  of  a  string  of  empty  cars  and  supplies.  The 
maximum  torque  is  required  to  bring  the  load  from  the 
midway  level   around  the  curve  onto  the  main   track. 
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This  is  secured  by  having  a  two-speed  reduction  gear 
between  the  motor  and  the  drum;  and  using  the  lower 
speed  instead  of  using  a  motor  with  a  higher  pull-out 
torque.  With  the  ultimate  longer  slope,  the  load  will  be 
lowered,  and  the  empties  hoisted  to  the  upper  mine. 
With  this  arrangement  an  increased  number  of  cars  can 
be  hauled,  while  operating  at  the  higher  speed. 

The   hoist    machinery    with    its    driving    motor    is 
shown  ill  Fig.  _'.     The  drum,  which  is  a  smooth  cvliii 


FIG     2— M.MN    HOIST    DRUM    AND    DRIVING    MOTOR 

der,  nine  feet  in  diameter,  is  connected  to  the  driving  is 
motor  through  a  two  speed  reduction  gear,  giving  5 
to  I  and  10  to  i  reduction  with  a  24  pole,  60  cycle 
motor.  The  gears  are  shifted  to  give  the  desired  speed 
by  an  air-operated  cylinder  and  piston  controlled  from 
the  operator's  stand.  There  are  two  brakes,  one  a  shoe 
brake  operating  on  the  drum,  and  the  other  a  band 
brake  acting  on  a  wheel  mounted  on  the  shaft  of  the 
reduction  gear.  These  brakes  are  both  operated  by 
compressed  air  cylinders.  The  motor  has  a  wound 
secondary  and  pedestal  bearings.  Mounted  on  the  op- 
erator's platform  are  the  drum  master  controller,  the 
control  handle  for  the  air-operated  gear  shift,  the  brake 
control  handle,  a  maximum  torque  push  button,  an 
emergency  switch,  a  drum  controller  to  allow  backing 
out  when  running  past  the  track  limit  switches  and  a 
telephone.  The  action  of  these  latter  devices  will  be 
explained  later.  A  voltmeter  and  ammeter  are  mounted 
in  front  of  the  operator.  The  voltmeter,  which  is  con 
nected  to  a  magneto  driven  by  the  motor,  is  calibrated 
to  give  the  speed  of  the  motor  in  r.p.m.  The  aiiimctci 
indicates  the  current  to  the  motor. 

CONTROL  OPERATION 

A  general  view  of  the  control  apparatus  is  shown 
in  Fig.  3.  The  primary  control  consists  of  an  incoming 
power  switchboard  of  two  panels,  on  which  are 
mounted  the  oil  circuit  breaker,  the  protective  relays, 
the  indicating  and  recording  meters,  and  a  primary  con- 
trol board  made  up  of  three  primary  contactors,  which 
are  used  as  forward,  reverse  and  line  switches.  These 
contactors,  as  shown  in  Fig.  3,  are  of  an  entirely  new 
type,    suitable    for   use   on    alternating-current    circuits 


having  a  maximum  voltage  of  6600,  and  a  current  carry- 
ing capacity  of  500  amperes.  Each  contactor  is 
mounted  on  a  panel  which  is  supported  by  a  heavy, 
channel-iron  framework.  The  magnet  frame,  with  the 
operating  magnet  and  armature,  is  bridged  across  the 
two  upright  channels  of  the  framework.  The  operat- 
ing magnet  is  a  large  U  shaped,  single-phase  magnet, 
having  two  operating  coils.  It  is  of  the  type  often  used 
Mil  .ihein.itintj-cuiTent,  magnet-operated  brakes.  At 
(-■ach  end  of  the  armature  shaft  is 
mounted  a  contact  arm,  consisting  of 
.1  long,  hollow  micarta  insulating 
tube,  with  the  moving  contact  support 
ii^tened  at  the  top.  The  main  cur- 
'  lit  carrying  parts  are  insulated  from 
In-  frame  or  ground  by  the  micarta 
lubes  and  sufficient  insulation  is  pro- 
\  ided  for  6600  volts  by  having  the 
tei  ininajs  ,ind  magnetic  blowout  panel 
iiiiiitiitcd  on  porcelain  insulators, 
i  .ich  pole  is  entirely  separated  from 
Ik-  others  by  being  mounted  on  in- 
(li\i(lual  insulators.  The  stationary 
cdutacl,  the  series  blowout  coil  and 
the  magnetic  arc  blowout  box  are 
mounted  on  a  slate  panel  which 
is  supported  on  pcjrcelain  insulators.  The  arc 
bo.x  is  new  and  unique  in  design.  The  parts  that 
are  exposed  to  the  arc  during  rupture  are  built  of  a 
special  moulded  composition.  The  length  of  the  arc  is 
increased  and  at  the  same  time  confined  within  the  field 
of  the  magnetic  blowout  by  the  addition  of  spacers  or 
"arc  splitters"  in  the  path  of  the  arc  in  the  box.  These 
arc  splitters  are  also  made  of  moulded  composition  and 
there  are  several  of  them  placed  at  right  angles  to  the 
arc  path,  their  locations  being  shown  in  Fig.  .4.  The 
blowout  box  is  large  and  rigidly  supported  by  the  slate 
and    contact    •iuppnrt    rastinsj.      .-\    removable    piece    or 


FIG.    3 — GFXKR.M.    \U.\\    OF    CON  TROT.    ROOM 

Showing  primary  controller,  secondary  control  panel  and 
grid  structure. 

window  is  provided,  whose  removal  exposes  the  con- 
tacts and  provides  room  to  remove  and  replace  them 
with  new  ones.  Relays  which  are  operated  by  the  ac- 
tion of  the  contactor  armature  tail  piece  or  otherwise 
are  mounted  on  a  slate  panel  supported  by  the  magnet 
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frame  and  channel  irons.  The  operation  of  the  con- 
tactor is  the  same  as  usual  on  low-voltage  magnetic 
contactors,  in  that  the  contacts  are  closed  when  the 
magnet  is  energized  and  are  opened  by  a  spring  and 
gravity  when  the  magnet  becomes  deenergized. 

The  secondary  controller  is  shown  in  Fig.  5,  and 
consists  of  a  seven-step  resistance  grid  structure  and  a 
panel  board  with  magnetic  contactors  for  short-circuit- 
ing the  resistance,  together  with  the  series  accelerating 
relays  to  give  current  limit  acceleration.  The  relays  are 
held  inoperative  by  a  spring  when  the  switch  is  open, 
and  released  from  the  action  of  the  spring  by  the  tail 
piece  of  the  contactor  mounted  directly  above,  when  the 
switch  closes.  However,  the  relay  contacts  are  still 
held  open  by  the  current  in  the  relay  coil,  which  is  in 
series  with  one  leg  of  the  secondary  circuit,  until  the 
current  has  decreased  to  a  predetermined  value,  at 
which  the  contacts  close  and  allow  the  completion  of 
the  circuit  to  the  operating  coil  of  the  contactor  that 
short-circuits  the  next  step  of  secondary  resistance. 


lower  limits  of  the  track  and  are  opened  by  the  passing 
of  the  cars  over  the  track  where  they  are  located.  The 
opening  of  either  the  upper  or  lower  switch  opens  the 
main  control  circuit  and  stops  the  motor. 

Over-travel  switches  are  also  provided,  which  are 
operated  by  a  cam  driven  by  the  drum.  These  perform 
the  same  function  as  the  track-limit  switches  and  open 
the  control  circuit  on  an  over-travel  of  a  certain  dis- 
tance beyond  the  track  switches. 

After  either  the  track  limit  or  the  over-travel 
switches  has  opened,  it  is  impossible  to  start  the  motor 
and  get  back  out  of  the  limit  zone  until  the  opened  limit 
switch  has  been  closed  or  short-circuited.  A  drum 
type,  backout  switch  is,  therefore,  provided  that  short- 
circuits  the  track  and  over-travel  switches,  and  starts 
the  motor  in  the  direction  opposite  to  the  over-travel, 
provided  the  master  controller  has  been  returned  to  the 
off  position.  This  backout  switch  is  controlled  by  the 
operator,  and  is  only  needed  in  the  backout  position, 
until  the  cars  have  passed  back  over  the  limit  switches 


KIG,    4 — PRIMARY    CUN  I  K'nl      idnim    |mi;s 

The  secondary  contactors  are  all  two  pole  except 
the  first  one,  which  is  single  pole.  By  referring  to  Fig. 
6  it  can  be  seen  that  the  single-pole  contactor  is  the  first 
accelerating  switch,  and  leaves  one  leg  of  the  resistor 
open  on  the  first  point.  This  gives  small  torque  and  is 
used  for  pulling  up  the  slack  rope  and  for  starting  the 
load  down  the  slope  after  a  stop  at  any  point. 

The  speed  switch  is  a  control  circuit  switch  which 
is  operated  by  a  ball  governor,  driven  by  the  drum. 
The  switch  opens  the  control  circuit,  if  the  governor 
speed  attains  a  certain  percentage  above  the  high-speed 
of  the  motor  and  hoist.  When  the  hoist  is  changed  to 
low  speed,  by  changing  the  gear,  the  partial  speed 
iwitch  is  closed  automatically.  This  switch  operates 
the  half-speed  solenoid  which  in  turn  sets  the  speed 
switch  to  open  at  any  speed  in  excess  of  half-speed. 
The  opening  of  the  speed  switch  opens  the  main  con- 
trol circuit  and  disconnects  the  controller.  In  addi- 
tion there  are  several  auxiliary  control  switches. 

Track  limit  switches  are  placed  near  the  upper  and 


FIG.    5 — SECOND.\RY    CONTROL    P.\NEL   .AND   GRID   RESISTORS 

and  allowed  them  to  close.  The  operator  has  a  small 
emergency  safety  switch  by  which  he  is  able  to  open 
the  control  circuit  at  any  time  and  stop  the  motor,  in 
case  of  an  emergency. 

The  brake  is  operated  by  gravity  and  released  by 
compressed  air.  Thus,  with  failure  of  air  supply,  the 
brakes  are  set.  A  brake  magnet  is  provided,  that  has 
to  be  set  and  electrically  held  closed  in  order  to  make 
the  brakes  operative.  With  absence  or  failure  of  elec- 
tric power,  the  brake  coil  releases  its  armature  and  sets 
the  brakes.  The  armature  is  hand  set,  and  has  a  switch 
that  is  operated  by  the  magnet  armatures,  which  pre- 
vents burning  out  the  coil  if  the  magnet  is  left  in  the 
open  position  when  power  is  on,  as  an  alternating-cur- 
rent magnet  takes  a  very  large  current  when  the  arma- 
ture is  open. 

The  first  few  points  of  the  secondar)'  controller  are 
designed  to  give  small  torque.  If  the  load  is  too  heav)% 
and  the  motor  stalls,  it  is  possible  by  using  the  maxi- 
mum  torque  push  button  to  short-circuit  several  con- 
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troller  steps.  This  push  button  is  connected  to  the 
point  which  gives  a  standstill  torque  closest  to  the  maxi- 
mum or  pull-out  torque  of  the  motor. 

The  general  functioning  of  the  controller  can  be 
followed  from  Fig.  6.  The  master  switch,  when  in  the 
off  position,  closes  the  control  circuit  contactor,  located 
in  the  middle  of  the  secondary  control  panel.  When 
this  switch  has  been  opened  by  the  operation  of  any  of 
the  emergency  switches  or  relays,  it  can  be  reclosed 
only  by  returning  the  master  controller  to  the  off  posi- 

Scherne  cf  Secondary  Connections 


the  primary  line  contactor  has  decreased  to  a  predeter- 
mined value  and  allowed  the  closing  of  its  contacts. 

The  further  movement  of  the  master  switch  handle 
allows  the  secondary  contactors  to  short-circuit  the 
secondary  resistance  in  steps,  each  contactor  being  held 
open  until  current  in  the  accelerating  relay  of  the  pre- 
vious contactor  has  decreased  to  its  calibrated  value. 
This  is  continued  until  the  motor  secondary  is  short-cir- 
cuited, or  the  motor  has  attained  the  speed  corre.spond- 
ing  tn  the  position  of  the  master  controller. 
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lion.  The  niovemenl  of  the  master  switch  to  the  first 
position  clo.ses  one  of  the  relays  under  the  primary  con- 
tactors, which  in  turn  clo.ses  two  of  the  three  primary 
contactors,  either  Vine  and  hoist  or  V\ne  and  loiver,  de 
pending  on  the  direction  of  movement  of  master  switch 
handle.  The  motor  is  now  connected  to  the  line  with 
all  the  resistance  in  circuit,  as  shown  on  the  scheme  of 
.secondary  connections.  The  second  step  of  the  master 
switch  allows  the  closing  of  the  secondary  contactor  // 
as  soon  as  the  current  in  the  acceleratinsr  relav  under 


In  addition  to  the  control  apparatus  for  the  main 
motor  there  are  in  the  control  room: — a — a  compressor 
set  for  delivering  air  to  a  storage  tank  which  is  used 
for  braking  and  gear  shifting;  h — a  small  automatic 
control  panel  for  controlling  the  motor  for  the  com- 
pressor, with  its  pressure  gauge,  pressure  relay,  con- 
tactor and  relays;  c — a  small  battery  charging  panel, 
which  is  used  for  charging  a  batteiy  used  for  signrding 
between  the  operator  and  the  man  that  rides  the  train  of 
cars. 


Our  subscribers  are  invited  to  use  this  de;iartmem  as  a 
means  of  securing  authentic  information  on  treclrical  and 
mechanical  subjects.  Questions  concerning  eeneral  engineer- 
ing theory  or  practice  and  <iuestions  regarding  apparatus  or 
materials  desired  for  particular  needs  will  be  answered 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  setf-addressed.  stamped  en 
velope  should  accompany  each  querv.  Ail  data  necessary  foi 
a  complete  understanding  of  the  problem  should  be  furnished 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available:  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


0 


I.S5J — .VVERACK     t'oWKR-FACTOK — What    is 

an  "average  power-factor"  over  a 
period  of  one  month?  Take  for  ex- 
ample the  following  conditions.  .\ 
factory  lakes  a  load  of  ,?nco  kvv  when 
at  fnll  load  and  (assuming  they  run 
the  full  month  at  this  load)  they  can 
maintain  a  power- factor  of  99  percent, 
by  running  a  condenser.  Obviously 
the  average  is  99  percent.  Xow  if  the 
factory  runs  at  ,^000  kw  for  seven 
days  with  a  power-factor  of  99  per- 


cent and  for  22,  days  is  practically  shut 
down  (their  power-factor  during  the 
latter  period  being  So  percent  1  what 
is  the  average  power- factor  for  the 
whole  month.  Can  the  average  power- 
factor  be  arrived  at  by  taking  say 
half-hourly  readings  and  aver.iging 
out?  Supposing  two  intergrating  watt- 
tneters  are  used,  connected  lor  de- 
termining power- factor,  will  the  rcsuh 
be  the  same  if  the  difference  is  taken 
at  the  end  of  the  month  only,  by  the 


two-watttneter  method,  as  will  the 
result  given  by  taking  half-hourly 
readings  of  power-factor  and  avera- 
ging out  by  the  number  of  readings, 
if  (as  in  the  foregoing  example)  for 
2.3  days  the  power- factor  is  So  percent 
with  a  very  h'ght  load  (say  500  kw) 
and  99  percent  for  the  other  seven 
days  in  the  month  with  a  very  heavy 
load — say  3000  kw  ? 

F.j.R.   (alberta) 
Our  reply  would  be  the  same  as  that 
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ol  the  farmer  who  for  the  first  time 
saw  a  giratfe  "there  ain't  no  such 
animal".  Power-factor  is  a  ratio  not  a 
quantity,  and  averaging  the  power- 
factor  has  no  meaning  whatsoever.  We 
presume  that  the  question  was  inspired 
by  a  discussion  of  rates  in  which  there 
is  either  a  penalty  or  a  discount  for 
power-factor.  In  this  case  the  only 
definition  which  could  be  used  would  be 
one  which  was  arbitrarily  agreed  upon 
at  the  time  the  contract  was  drawn  up. 
In  case  no  such  definition  was  agreed 
upon,  the  term  average  power-factor 
would  be  meaningless.  Adding  half- 
hour  power-factor  meter  readings  and 
dividing  by  the  total  number  of  readings 
would  give  you  merely  an  arithmetical 
number  which  w'ould  have  no  physical 
or  electrical  meaning.  Incidentally  the 
reading  of  a  pow-er-factor  meter  does 
not  necessarily  give  the  power- factor 
according  to  the  A.I.E.E.  definition. 
The  correct  definition  of  power-factor 
i.s  the  ratio  of  watts  to  volt-amperes, 
which  will  be  different  from  the  reading 
of  any  commercial  pow-er-factor  meter, 
if  the  load  on  the  phases  is  unbalanced 
materially  or  if  the  wave  shape  of  the 
machines  departs  from  a  pure  sine. 
Cases  are  possible  where  a  power-factor 
meter  would  indicate  close  to  unitj' 
when  the  true  power-factor  was  in  the 
neighborhood  of  0.50.  The  average 
power-factor  over  a  period  of  a  month 
might  be  considered  as  the  ratio  of  the 
total  kilowatt-hours  as  measured  by 
watt-hour  meters  to  the  total  kilovolt- 
ampere-hours  in  the  same  period  of 
time  as  measured  by  ampere-hour 
meters  and  volt  meters.  Power-factor 
obtained  by  the  ratio  of  wattmeter 
readings  w'Ould  be  the  same  as  this  only 
if  the  load  is  the  same  in  all  the  phases. 
Unless  the  load  is  balanced,  power-fac- 
tor cannot  be  obtained  by  the  ratio  of 
wattmeter  readings.  See  article  by  C. 
R  Riker  in  the  Journ.xl  for  Sept. 
1912,  p.  765.  It  would  not  be  the  same 
as  the  arithiKctical  average  of  half-hour 
power-factor  readings.  The  ratio  thus 
obtained  would  not  represent  average 
power-factor;  but  it  would  probably 
come  as  close  to  a  definition  as  is  pos- 
sible. Contracts  using  such  terms  are 
manifestly  incomplete  unless  the  term  is 
defined  as  part  of  the  contract. 

p.m.  and  c.r.r. 

1853 — Draining  Water  Cooled  Trans- 
former— Is  it  advisable  to  cut  ofif  the 
water   supply   to   oil    insulated,    w-ater 
cooled  transformers  when  they  are  to 
be  kept  out  of  service  for  some  time? 
R.B.c.    (mont.) 
It  is  always  desirable  to  cut  off  water 
supply  and  drain  the  cooling  coils  of  an 
O.I.W.C.  transformer  when   it  is  to  be 
kept  out  of  service  for  some  time  and 
absolutely    necessary    if    there    is     any 
danger  of   freezing.    If  the  water  in  a 
cooling  coil    freezes  up   solidly  the  coil 
will  undoubtedly  burst.  w.m.m. 

i%S.\ — Electrolytic  Corrosion  —  Two 
years  ago  I  had  a  number  of  steam, 
water  and  air  pipes,  also  a  number  of 
large  conduits  buried  twelve  inches 
under  ground  under  a  shop  floor 
which  was  afterw-ards  filled  over  with 
coal  cinders.  This  winter  it  was 
necessary  to  dig  down  to  a  water  pipe 
to  stop  a  leak  and  upon  inspection  of 
the  pipe  it  was  found  that  it  was  in  a 
very    bad    condition,    indeed,    in    far 


expected  from  ordinary  corrosion. 
It  is  my  supposition  that  this  deterior- 
ation has  been  caused  by  chemical  ac- 
tion produced  by  draina.ge  of  water 
through  the  cinders  on  top  of  the 
ground,  but  a  party  has  advanced  the 
theory  that  it  was  caused  by  electrical 
action  and,  while  I  am  unable  to  con- 
ceive such  a  possibility,  I  recall  rea- 
ding something  regarding  such  action. 
I  would  be  very  glad  to  have  you  ad- 
vise me  if  such  electrical  action  is  pos- 
sible; also  the  cause  and  remedy. 

L.M.G.   (OHio) 

The  eating  away  of  pipes  in  the 
ground  can  be  caused  either  by  the  pas- 
sage of  electric  current  from  external 
sources,  in  which  case  it  is  designated 
"electrolytic  corrosion",  or  by  what  is 
known  as  "self  corrosion"  due  either  to 
electrolytic  action  from  currents  caused 
by  cell  action,  or  to  chemicals  in  contact 
with  the  pipe.  If  the  corrosion  is  due 
to  current  from  external  sources  in  the 
pipes  it  can  be  reduced  by  making  con- 
nections to  the  pipes  to  cause  them  to  be 
negative  to  the  surrounding  earth.  In 
the  case  of  pipes  subject  to  current  flow 
from  street  railways,  this  is  often  taken 
care  of  by  bonding  between  the  track 
and  the  pipe  at  points  where  the  track 
is  negative  to  the  pipes.  Another  scheme 
used  is  the  connection  of  a  negative 
feeder  to  the  pipes,  so  as  to  drain  them. 
If  there  is  no  electric  current  flow  in 
the  pipes  from  external  sources,  the  case 
comes  under  the  general  head  of  "self 
corrosion".  This  is  affected  by  the 
moisture  contained  in  the  soil,  by  chemi- 
cals, and  other  causes.  The  matter  is 
covered  by  Technologic  Paper  No.  25  of 
the  Bureau  of  Standards,  under  the  sub- 
ject "Electrolytic  Corrosion  of  Iron  in 
Soils",  by  Burton  IMcCulIom  and  K.  H. 
Logan.  Self  corrosion  is  especially 
liable  to  occur  in  pipes  buried  in  ashes 
as  there  seems  to  be  an  acid  in  certain 
coal  ashes  which  will  eat  pipes  aw'ay  in 
a  few  months.  One  large  concern  who 
were  much  troubled  in  this  way  solved 
the  difficulty  by  hauling  clay  and  filling 
in  around  the  pipes  with  the  clay. 

A.w.c. 

1S55 — Parallel  Operation — Would  any 
serious  difficulty  be  encountered  in 
paralleling  a  150  kw-,  250  volt,  direct- 
current  generator  that  is  direct  con- 
nected to  a  three-phase.  1200  r.p.m., 
2306  volt  synchronous  motor  with  a  125 
kw-,  250  volt  generator,  direct  con- 
nected to  a  185  hp.  steam  engine,  speed 
250?  I  am  aware  that  it  will  be 
necessary  to  have  the  series  coils 
equally  balanced  as  to  resistance  on 
each  machine.  How-ever.  it  occurred 
to  me  that  perhaps  the  wide  difference 
in  the  speed  might  seriously  affect  the 
regulation  of  one  or  the  other  to  an 
e.xtent  that  they  would  not  divide  the 
load  properly.  The  load  will  fluctuate 
considerably,  being  used  for  coal  mine 
service.  b.l.c.   (ind.) 

No  difficulty  should  be  expected  in 
paralleling  these  units.  Regardless  of 
what  adjustments  are  made,  it  probably 
will  be  found  that  the  high-speed  ma- 
chine will  take  the  load  swings.  To  ob- 
tain proper  load  division  with  slow 
variations  in  load,  the  customary  ad- 
justments of  compounding  the  drop  are 
advisable.  The  first  adjustment  is  to 
obtain,  by  the  use  of  the  proper  series 
field  shunts,  the  same  change  in  voltage 


generators  are  operating  independently. 
The  second  requirement,  as  suggested 
above,  is  that  the  JR  drops  over  the  ser- 
ies field  circuits  be  the  same,  with 
the  generators  operating  independently. 
This  maj'  involve  the  use  of  an  addi- 
tional resistance  in  one  of  the  series 
field  circuits.  A  very  essential  condition 
is  to  have  the  resistance  in  equalizer 
cables  and  connections  negligible  in  com- 
parison w-ith  the  series  field  resistance. 
f.l.m. 

1856 —  Alternator  Excitation — Would 
a  25  kw-,  three-phase,  60  cycle,  220  volt, 
generator  of  the  rotary  converter  type, 
that  is  one  with  a  direct-current  arma- 
ture connected  to  three  slip  rings,  be 
as  good  as  a  generator  with  an  exciter? 
a.h.a.   (ill.) 
We  assume  that  the  "rotary  converter 
type"  alternator  is  properly  designed  for 
alternator    service.     This    may    not    be 
the  case  if  it  were  designed  only  for  ro- 
tary    converter     operation.     This     self- 
excited  alternator  would  still  be  inferior 
to  a  separately-excited  alternator  in  that 
changes    in    load    current    and    power- 
factor  would  affect  the  e.xciting  voltage 
and  cause  greater  changes  in  alternating 
voltage   than    in   the   separately   excited 
alternator.  f.d.n. 

1857 — Commutation  Trouble  —  I  have 
the  care  of  a  200  kw.  667  amperes,  250 
volts, — 300  volts  full  load.  990  r.p.m. 
eight  pole,  compound-wound  Ridge- 
way  generator.  It  will  run  along 
without  any  spark  at  no  load  but  if 
a  load  of  300  or  400  amperes  is  sud- 
denly thrown  on,  the  brushes  make 
a  snapping  sound  and  little  fine 
sparks  are  visible.  When  the  circuit 
breaker  flies  out  occasionally  it  will 
flash  from  one  brushholder  to  an- 
other, just  on  one  side  of  machine. 
Now,  if  this  machine  compounds  too 
much  and  when  the  breaker  trips  at 
750  amperes,  does  it  cause  a  high  in- 
duced current,  or  if  the  stator  was  a 
little  closer  on  one  side  would  that 
cause  it?  The  rocker  ring  is  set  at 
the  marks  made  in  the  factory.  One 
brushholder  does  not  line  up  with  the 
commutator,  it  being  out  1/8  of  an 
inch  in  the  space  of  4  brushes,  there 
being  four  brushes  to  one  set.  The 
brushes  measure  one  by  two  inches 
and  span  three  segments. 

R.K.    (pa.) 

The  snapping  scintillating  sparks  at 
the  brushes,  when  half  load  is  thrown 
on  indicate  an  unbalanced  condition  of 
arm.ature  and  compensating  current. 
.\s  the  compensating  winding  is  in 
scries  with  the  armature  winding  and 
the  direction  of  current  in  the  con- 
ductors of  the  compensating  winding 
is  opposite  to  that  of  the  armature  con- 
ductors immediately  adjacent  to  them, 
any  change  in  armature  strength 
should  be  accompanied  by  the  same 
change  in  the  compensating  winding, 
otherwise  there  are  some  unusual  con- 
ditions which  disturb  this  balance. 
Ridgway  machines  may  sometimes  be 
over-compensated,  and  a  shunt  pro- 
vided across  the  compensating  winding 
to  by-pass  some  of  the  current  which 
would  go  to  the  compensating  winding, 
it  being  much  easier  to  shunt  a  portion 
of  the  current  than  to  modify  the  com- 
pensating winding.  Furthermore,  ma- 
chines   of    the    same    designs    vary,    no 
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causes  a  closed  circuit  around  the  ma- 
chine and  makes  the  action  of  the  com- 
pensating winding  slightly  sluggish,  so 
that  if  there  is  a  tendency  to  spark,  due 
to  sudden  fluctuations  in  load,  the  ac- 
tion  will   be   exaggerated. 

If  the  generator  sparks  at  some  of 
the  brushes,  it  is  safe  to  assume  the 
brushes  are  improperly  spaced,  the 
brush  tensions  too  weak,  some  of  the 
compensating  winding  short-circuited, 
or  the  wrong  grade  of  brushes  used. 
To  set  the  brushes  properly,  put  a  strip 
of  paper  about  two  or  three  inches 
wide  around  the  comnuitator  under  the 
brushes,  marking  the  ends  where  they 
overlap,  and  the  front  edges  of  the 
brushes  where  they  bear  on  the  paper, 
the  brushholder.s  being  clamped  on  the 
brushholder  studs  as  in  operating  con- 
dition. Mark  the  position  of  the 
brushes  as  /,  z,  etc.  (Numbers  are 
stamped  on  the  brushholder  studs.) 
By  the  aid  of  dividers,  laying  the  paper 
on  a  smooth  surface,  the  total  distance 
around  the  commutator  can  be  stepped 
off  in  equal  parts,  and  with  this  dis- 
tance set  on  the  dividers  the  variations 
of  brushes  from  standard  may  be  de- 
termined. There  is  a  certain  amount 
of  clearance  between  the  brushholder 
stud  support  and  the  yoke  ring  and 
steadying  ring  (at  outer  end),  which 
allows  of  adjustment.  Care  should  be 
taken  to  see  that  the  brushes  are  ex- 
actly vertical  and  parallel  with  the 
commutator  bars.  The  brushholders 
arc  lined  up  with  a  jig  at  the  factory, 
but  they  may  have  moved  through  ac- 
cident, loosening  of  nuts,  taking  down 
of  yoke  ring  or  a  variation  in  the  air- 
gap. 

After  the  brushes  are  adjusted,  as- 
suming that  the  air-gap  has  been  found 
O.  K.  or  made  so,  the  compensating 
coils  should  be  checked  for  short- 
circuits.  With  full  load  on  the  gener- 
ator, take  the  drop  across  each  coil 
with  a  low  reading  voltmeter.  With 
the  same  current  flowing,  these  IR 
drops  should  be  the  same:  if  they  arc 
not,  there  may  be  a  partial  short-circuit 
in  the  coil  or  coils  that  read  low.  'I'he 
rc-adjusting  of  the  brushholders  may 
have  disturbed  the  setting  of  the 
brushes  relative  to  the  yoke  ring,  so 
that  a  new  position  of  the  yoke  ring  in 
relation  to  the  holding  bracket  may  be 
necessary,  differing  slightly  from  that 
indicated  on  the  ring  at  the  factory. 

With  full  load  on  the  generator,  the 
yoke  ring  may  be  moved  a  small 
amount  either  way  until  perfect  com- 
mutation is  reached.  This  is  assuming 
that  the  shunt  provided  on  the  com- 
pensating winding  has  not  been  dis- 
turbed, and  has  not  burned  out,  and 
the  commutator  and  brushes  are  in 
good  condition,  with  no  short  or  open 
circuits  in  the  armature.  To  get  the 
proper  adjustment  of  shunt  and  brush 
setting,  the  voltage  between  the  brush- 
holder  and  the  commutator  bars  should 
be  taken,  preferably  with  a  double 
reading  voltmeter,  say  5-0-5.  At  no 
load  and  full  voltage  the  voltage  be- 
tween positive  brushholder  and  points 
on  commutator  one-half  inch  on  either 
side  of  the  brush  should  read  approxi- 
mately the  same,  in  a  negative  di- 
rection, otherwise  the  yoke  ring  should 
be  moved  to  obtain  this  before  deter- 
mining other  points.  At  full  load,  at 
points  one-fourth  inch  on  either  side 
of   the   brush    face,   the   voltage   should 


be  appro.\iniately  zero,  as  shown  in 
Fig.  (a).  With  clockwise  rotation, 
viewing  the  generator  from  the  com- 
mutator end,  the  voltage  readings 
taken  at  the  edge  of  the  brush  first 
touched  by  the  commutator  bar,  %,  Yz, 
Yn  way  in,  and  at  the  edge  where  the 
bar  leaves  the  brush,  should  be  approx- 
imately I,  0.9s,  0.85,  0.75  and  0.7  volts 
respectively.  This  is  slightly  over- 
compensated,  and  about  ideal  for  this 
type  of  machine.  If  the  line  is  too 
steep,  more  shunt  would  be  required 
and  vice  versa.  If  the  higher  voltage 
is  at  the  forward  side,  it  indicates 
undcr-compcnsation  and  a  portion  of 
the  shunt  should  be  removed.  Shunts 
are  composed  of  o. i  or  0.2  ohm  tubes 
(of  100  watts  continuous  capacity)  in 
parallel  to  carry  the  desired  current. 

Circuit  Breaker — If  the  generator  is 
operating  in  parallel  with  another  ma- 
chine with  equalizer  connections,  and 
only  one  circuit  breaker,  and  that  on 
the  side  of  the  generator  not  having 
the  compensating  winding,  opening  the 
circuit  breaker  is  liable  to  cause  flash- 
ing, as  the  compensating  winding  is 
still  energized  through  the  equalizer 
connection  to  the  other  generator, 
while  the  current  value  in  the  armature 


FIG.    1857(a) 

is  practically  zero ;  thus  making  a  very 
strong  over-compensation.  A  double 
circuit  breaker  is  preferable  so  that  the 
armature  and  compensating  winding 
can  be  opened  simultaneously. 

Another  point  to  be  considered  in 
this  connection  when  generators  are 
operating  in  parallel,  is  cutting  out  a 
Ridgeway  generator.  This  should  be 
done  by  tripping  the  circuit-breaker 
without  lowering  the  voltage  by  the  use 
of  the  field  rheostat,  as  is  sometimes 
done  on  compound  generators.  The 
compensating  winding  forming  a  par- 
allel circuit  with  the  scries  winding  of 
the  other  machine  will  have  current  in 
its  coils  in  excess  of  the  armature  cur- 
rent if  the  voltage  is  lowered,  which 
will    cause   disastrous   sparking. 

These  instructions  are  general,  and 
should  the  generator  need  much  ad- 
justment, the  manufacturer  should  be 
consulted,  especially  if  it  is  a  case  of 
compensation    adjustment 

C.M.C. 

1858 — Electric  Heating — We  have  a 
steel  drum  sixteen  feet  long  by  four 
feet  in  diameter  into  which  we  dump 
at  one  end  refuse  to  be  dried.  We 
are  now  operating  this  with  an  oil  fur- 
nace, which  is  connected  to  the  smoke 
stack  through  this  revolving  drum. 
The  heat  passing  through  this  drum 
thereby  dries  the  contents.  The  drum 
is  slightly  lower  at  one  end  which 
allows  the  dried  contents  gradually  to 


gravitate  out  of  the  drum.  We  arc 
figuring  on  applying  the  heat  to  this 
drum  electrically,  having  available  50 
cycle  current  of  any  voltage  desired. 
The  temperature  inside  this  drum  will 
have  to  be  about  1000  degrees  F.  on 
the  basis  of  outside  temperature  of  60 
degrees  F.  This  will  take  care  of  the 
moisture  within  the  drum.  What  we 
want  to  know  is  what  you  would  sug- 
gest in  the  way  of  heating  elements 
to  be  applied.  t.j.b.   (nkb.) 

It  would  be  quite  easy  to  apply  elec- 
tric heat  to  the  dryer,  such  as  outlined 
above,  1000  degree  heat  is  well  within 
the  temperature  limits  of  a  cheap  grade 
of  resistance  wire,  such  as  Advance,  or 
even  Monel-metal  and  the  resistance  for 
the  desired  amount  of  heat  should  be 
made  up  and  set  immediately  adjacent 
to  the  lower  end  of  the  drum  and  en- 
cased in  an  asbestos  insulated,  metal 
housing.  There  should  then  be  ar- 
ranged a  motor  blower,  to  drive  an  air 
blast  through  the  rheostat  to  transport 
thi"  heated  and  dried  air  into  the  drum 
for  drying  the  material  which  it  is  ar- 
ranged to  treat.  From  the  data  given 
it  is  impossible  to  determine  the  amount 
of  heat  required,  and  consequently,  the 
cost  of  power,  as  you  do  not  give  the 
weight  of  material  being  handled  and 
the  percentage  of  moisture  being  evapo- 
rated. W.E.M. 

1859 — Synchronous  Motor  For  Powkr- 
Factor  Correction — (a)  What  are 
the  main  differences  in  design  between 
a  synchronous  motor  intended  for 
mechanical  work  and  one  arranged  to 
be  used  as  a  synchronous  condenser? 
Can  any  synchronous  motor  be  easily 
changed  from  one  to  the  other  of 
these  duties  and  what  is  necessary  to 
make  this  chanee'  (h^  I  have  a  350 
hp,  50  cycle,  3000  volt,  50  ampere,  10.5 
r.p.m.  synchronous  motor  at  present 
working,  but  that  I  can  spare  to  be 
used  as  a  synchronous  condenser. 
1  his  motor  ought  to  be  good  for  a 
power-factor  correction  of  from  0.72 
to  0.85  lag  on  an  850  kw  circuit.  I 
have  tried  overexciting  it  up  to  0.70  or 
even  0.60  leading  power-factor  while 
floating  idle  on  the  line  and  still  I  get 
but  a  very  slight  correction  on  the 
composite  power-factor  of  the  plant. 
Why  is  this?  a.o.u.    ( Mexico) 

(a)  A  synchronous  motor  .intended 
for  power-factor  correction  differs  from 
one  designed  for  mechanical  work  alone 
in  that  its  field  winding  must  have  capa- 
city for  carrying  a  much  larger  exciting 
current  than  is  required  for  the  motor 
which  carries  mechanical  load  only.  A 
motor  which  has  been  designed  for 
carrying  mechanical  load  at  100  percent 
power-factor  may  be  used  as  a  con- 
denser without  any  changes,  although  its 
rating  as  a  condenser  will  not  be  very 
high.  In  order  to  make  the  machine 
take  full-load  armature  current  when 
floating  on  the  line,  the  field  will  have 
to  be  over-excited  to  such  a  degree  that 
the  field  winding  will  probably  have  a 
prohibitive  temperature  rise.  With  the 
field  current  at  its  maximum  safe  value, 
the  armature  will  carry  something  less 
than  full-load  current  and  the  machine 
will  act  as  a  condenser  of  reduced  ra- 
ting. Some  motors  are  designed  for  80 
percent  power-factor,  which  means  that 
they  carry  a  certain  mechanical  load  and 
correct  power-factor  at  the  same  time. 
Such  a  machine  has  a  liberal  field  wind- 
ing   and,    when    acting   as    a   condenser 
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without  mechanical  load,  it  can  carry  a 
larger  proportion  of  full-load  kv-a  than 
a  100  percent  power-factor  motor,  (b) 
To  correct  the  power-factor  of  an  850 
kw  load  from  72  to  85  percent  requires 
about  203  kv-a  condenser  capacity. 
The  question  does  not  state  whether  the 
motor  is  two-phase  or  three-phase.  If 
it  is  two-phase,  its  full-load  kv-a  is  300, 
and  if  three-phase,  it  is  260  kv-a  based 
on  a  full-load  current  of  so  amperes. 
In  either  case,  it  would  require  approxi- 
mately the  full  load  kv-a  of  the  ma- 
chine as  a  condenser  to  correct  the 
power-factor  of  the  system  the  desired 
amount.  As  stated  above,  if  the  motor 
is  a  normal  machine  and  was  designed 
for  100  percent  power-factor  operation, 
it  is  not  probable  that  the  field  will  stand 
the  increased  e-xcitation  that  will  be  re- 
quired. It  should  be  noted  that  a 
power-factor  of  60  percent  or  70  per- 
cent on  the  motor  when  it  is  running 
light  does  not  mean  much  in  the  way 
of  power-factor  correction.  The  kw 
taken  by  the  motor  is  only  enough  to 
supply  its  losses,  which  are  probably  not 
over  10  percent  of  full  load  kw.  Then 
if  the  machine  is  over-excited  to  60  per- 
cent power-factor,  the  kv-a  or  armature 
current  is  increased  to  about  17  percent 
of  full  load.  The  ammeter  should  be 
watched  instead  of  the  power-factor 
meter,  and  when  it  shows  full-load  cur- 
rent, it  will  be  found  that  the  power- 
factor  of  the  whole  system  is  improved 
"onsiderably.  The  power-factor  on  the 
motor  itself  will  then  be  close  to  zero 
percent.  q.g. 

1S60 — Parallel  Operation  Of  Shaft- 
Driven  Alternators — I  have  been 
asked  to  do  the  electrical  work  in  con- 
nection with  the  installation  of  a  100 
kv-a,  60  cycle,  three-phase,  2300  yolt 
alternator.  This  includes  equipment 
for  synchronizing  with  another  alter- 
nator of  about  the  same  description. 
These  two  machines  are  to  be  belt 
driven  through  friction  clutches  from 
a  common  line  shaft,  which  is  in  turn 
driven  by  a  water  wheel.  I  can  readi- 
ly see  that  parallel  operation  under 
these  conditions  will  be  unsatisfactory 
but  as  I  can  find  no  authority  on  the 
matter,  I  would  be  pleased  to  receive 
information  as  to  just  what  can  be  ex- 
pected under  these  conditions. 

R.S.H.     (neb.) 

It  is  obvious  that  if  the  two  alter- 
nators were  mounted  rigidly  on  a  com- 
mon shaft  in  the  proper  angular  position 
with  respect  to  each  other,  and  were 
driven  by  one  prime  mover,  they  should 
operate  satisfactorily  in  parallel,  provid- 
ing the  external  voltage  characteristics 
were  similar  and  the  field  currents  were 
properly  adjusted.  Similarly,  if  the  two 
alternators  were  driven  as  indicated  in 
the  above  question,  and  neither  belts  nor 
clutches  had  any  slippage,  parallel  opera- 
tion should  be  satisfactory  after  once 
being  properly  adjusted.  Moreover,  if 
the  belts  and  clutches  of  both  machines 
had  the  same  degree  of  slippage,  correct 
load  division  should  be  obtained,  so  long 
as  no  e.xternal  force  produced  an  an- 
gular displacement  between  the  rotors 
of  the  two  machines.  If,  for  some  un- 
known reason,  the  rotors  of  the  two 
alternators  should  get  an  angular  dis- 
placement, with  respect  to  each  other, 
the  overloaded  machine  would  tend  to 
shirk  its  load  and  drop  back  in  phase, 
but  in  so  doing  would  drag  the  lightly 
loaded  machine  back  also.    Likewise,  if 


the  lightly  loaded  machine  tended  to  speed 
up,  and  take  more  load,  it  would  drag 
the  other  machine  forward  so  that  in 
either  case  the  angular  displacement 
would  remain  constant,  unless  there  was 
belt  or  clutch  slippage.  Since  in  actual 
cases  there  is  more  or  less  belt  and 
clutch  slippage,  the  load  shirking  action 
of  the  alternators  should  gradually 
diminish  any  angular  displacement  be- 
tween the  two  rotors.  Consequently,  it 
would  appear  from  a  purely  theoretical 
consideration  that  the  two  alternators 
mounted  and  driven  as  indicated  in  the 
above  question  should  operate  in  paral- 
lel, with  at  least  a  fair  degree  of  satis- 
faction, provided  the  machines  were 
adapted  for  parallel  operation  and  pro- 
vision made  for  adjusting  the  belt-ten- 
sion of  each  machine  independently. 
However,  parallel  operation  would  not 
be  as  successful  as  in  the  case  of 
separately-driven  machines,  for  a  longer 
time  is  required  for  the  generators  to 
adjust  any  disturbed  angular  displace- 
ment between  them.  It  is  necessary,  of 
course,  to  have  very  accurate  pulley  di- 
mensions in  order  to  obtain  the  same 
synchronous  speed  for  the  corresponding 
load  conditions  on  each  machine.  It 
must  also  be  recognized  that  the  slip- 
page of  the  belt  will  depend  on  the  sur- 
face conditions,  so  that  it  is  probable 
considerable  attention  will  be  required 
to  maintain  proper  division  of  load. 
This  method  of  parallel  operation  was 
used  almost  entirely  in  the  earlier  days 
with  quite  satisfactory  division  of  the 
energy  load  among  the  different  ma- 
chines, but  required  frequent  adjustment 
of  the  tension  of  the  driving  belts. 

C.M.L. 

1861 — Induction  Motor  Diagrams — 
The  two  conventional  diagrams  show 
different  ways  of  making  the  end  con- 
nections   on    a    three-phase    four-pole 


on  the  coils.  Has  either  scheme  any 
advantages  over  the  other,  or  are 
there  any  objections  to  either  method 
of  making  the  connections. 

J.R.L.   (tenn.) 

(a)  If  the  windings  are  to  be  con- 
nected in  series  as  shown,  there  is  no 
electrical  or  magnetic  difference  between 
them  and  the  choice  may  be  made  solely 
on  which  one  works  out  best  mechani- 
cally when  connecting,  (b)  If  the 
windings  are  to  be  connected  in  parallel 
and  there  is  any  reason  why  the  reac- 
tance of  the  two  branches  in  parallel 
must  be  exactly  the  same,  or  if  it  is  a 
"T"  connection  for  three-phase,  the  dia- 
gram in  Fig.  (b)  is  preferable,  since  all 
the  north  poles  are  in  one  branch  and 
all  the  south  poles  in  another  branch  and 
any  change  whatever  in  the  magnetic 
conditions  such  as  unequal  air  gap  will 
affect  both  branches  similarly,  (c)  If  it 
is  desired  to  parallel  the  windings  and 
avoid  unbalanced  magnetic  pull  or  the 
tendency  to  it,  which  creates  mechanical 
vibration  and  noise,  then  the  diagram  in 
Fig.  (a)  is  preferred,  as  one  mechani- 
cal half  of  the  machine  can  be  balanced 
against  the  other  half.  In  practice  both 
arrangements  are  used  interchangeably 
and  on  a  symmetrical  winding  no  dif- 
ference is  detected.  a.m.d. 


1862 — Multispeed  Alternating  Cur- 
rent Motor — Can  a  three-phase  alter- 
nating-current motor  be  wound  so  as 
to  obtain  several  different  speeds  from 
only  one  set  of  windings,  by  changing 
the  connections  between  the  coils.and 
making  use  of  all  the  windings  for 
each  different  speed? 

R.J.L.    (CAL.) 

The  two-speed  induction  motor  of  the 
usual  type,  obtains  two  running  speeds 
by  changing  the  coil  connections.  This 
arrangement  utilizes  the  complete  wind- 
ing at  both  speeds  without  introducing 
complicated  connections.  The  scheme 
depends  upon  a  special  winding  with 
coils  having  a  throw  which  is  short 
pitch  for  the  small  number  of  poles,  and 
over  pitch  for  the  large  number  of 
poles.  The  diagram  of  connections  is 
so  arranged  that  for  the  small  number 


Figs.  1861(a)  and  (b) 


series  star  stator  winding.  Either 
scheme  seems  to  be  correct  as  far  as 
the  operation  of  the  motor  is  con- 
cerned. Fig.  (a)  gives  a  more  symme- 
trical arrangement  of  the  connections 


Fig.   1862(a) 

of  poles  the  winding  is  connected  in 
parallel,  giving  practically  the  same  con- 
dition as  any  parallel  winding.  For  the 
large  number  of  poles,  the  winding  is 
connected  in  series,  which  changes  the 
direction  of  current  through  part  of  the 
coil  groups,  causing  consequent  poles  to 
appear,  of  twice  the  number  and  of  half 
the  size.  In  Fig.  a  for  four  poles,  con- 
nect A,B,  and  C  to  the  line,  putting  all 
the  coils  in  series.  For  two  poles,  con- 
nect A,  B,  and  C  together  and  connect 
Ai,  Bi  and  Cl  to  the  line. 
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The   co-operatioD    of   all    those    interested    in 

operating  and  maintaining  railway  equipment 

is    invited.      Address    R.    O.    D.    Editor. 


Key  for  Railway  Equipment  Repairs 


In  connection  with  making  out  reports  of  trouble  and  'c- 
pairs  on  their  equipment,  one  operating  company  in  the  middle 
west  has  used  for  the  past  eight  years  a  scheme  of  numbering 
the  various  equipment  and  detail  troubles,  which  their  trainmen 
and  foremen  use  when  making  out  their  written  reports.  Thii 
idea  commends  itself  for  the  following  reasons : — 

a — It  simplifies  reports. 

b — It  tends  toward  uniformity  and  system. 


c — It  saves  time  and  labor. 

d — It  requires  less  space. 

e — It  appeals  to  the  men — less  writing. 
Believing  that  this  plan  will  interest  other  operators,  it  is 
given  in  detail  below  with  a  suggested  change  in  numbering 
which  lends  itself  more  readily  to  systematic  expansion,  as  each 
group  of  details  is  designated  by  a  letter  and  then  numbered 
from  one  up. 


M-   1 

Armature 

grounded 

M-17 

M-  2 

Armature 

open  circuited 

M-18 

M-  .■) 

Armature 

short-circuited 

M-19 

M-  4 

Armature 

bucliing 

M-20 

M-  5 

Armature 

head  or  hood  torn 

M-21 

M-   6 

Armature 

blowing  fuses 

M-22 

M-  7 

Armature 

bands 

M-23 

M-   H 

Armature 

inspected 

M-24 

M-   9 

Armature 

bearings 

M-25 

M-10 

Armature 

bearings  melted 

M-26 

M-11 

Armature 

bearings   shimmed 

M-27 

M-13 

Armature 

bearings  oiled 

M-28 

M-13 

Armature 

shaft  bent 

M-29 

M-14 

Armature 

shaft  broken 

M-30 

M-1.5 

Armature 

shaft  collar  or  wiper  loose 

M-31 

M-16 

Armature 

shaft  key  loose 

M-32 
M-33 

MOTORS 

Commutator  worn  out 
Commutator  needs  turning 
Commutator  loose 
Brushholder  repaired 
Brushholder  changed 
Brushholder  wire  burnt  off 
Brushholder  yoke  repaired 
Brushholder  yoke   changed 
New  carbons 
Field   grounded 
Field   short-circuited 
Field  wire  burnt  off 
Field   coils  put   in    (location 
Motor  taken  out    (type) 
Motor  put  in    (type) 
Ground  wire  repaired 
Motor  frame  broken 


M-3-4  Hinge  bolts  put  in   (size  and  No.) 
M-35   Suspension  bolts 
M-ue   Suspension  bar 

New  axle  bearings 

Shimmed  axl«  bearings 

Axle  bearings  oiled 


M-.T? 
M-:i8 
M-:i9 
M-40 
M-41 
M-42 
M-43 
M-44 
M-45 
M-46 
M-47 
M-4S 
M-49 


loo 

Pinion  broken 
Pinion  put  on 
Gear  loose 
Gear  broken. 
Gear  put  on 
Gear  case  loose 
Gear  case  broken 
Gear  case  bracket    (front  or  rear) 
Gear  case  bolts  put  in    (size  and  No.) 


1  Controller  repaired 

2  Controller  changed    (type) 

3  Connection  box  repaired 

4  Connection  box  changed   (type) 

5  Junction  box  repaired 

6  Junction  box   changed    (typ«) 

7  Fuse  box  repaired 

8  Fuse  box  changed    (type) 


ELECTRIC  EQUIPMENT 

E-  9  Resistance  repaired 

E-10  Resistance  changed    (type) 

E-11  Resistance  wire  repaired 

E-12  Overhead  switch  repaired 

E-13  Overhead  switch  changed   (type) 

E-14  Lightning     arrester  repaired 

E-15  Lightning  arrester  changed    (type) 

E-16  Cables  repaired 


E-17  Conduit  repaired 

E-18  Trolley  rope 

E-19  Trolley  wheel  worn   out 

E-20  Trolley  pole 

E-21  Trolley  stand  repaired 

E-22  Trolley  stand   changed    (type) 

E-23  Trolley  catcher  repaired 

E-24  Trolley  catcher    changed    (type) 


W-   1  Wheel  flat 

W-  2  Wheel  broken 

W-  3  Wheel  worn  out 

W-  4  Wheel  loose 

W-  5  Wheel  double  flange 


W-  8 
W-  9 
W-10 


WHEELS  AND  AXLES 

Wheel  chip  flange 
Wheel  broken  flange 
Axle  broken 
Axle  bent 
Axle  collar  loose 


W-11  Axle  collar  put   on 
W-12  Journals  hot 
W-13  Journals  repaired 
W-14  Journals  oiled 


B-  8 
B-  9 
B-10 


Brakes  repaired    (specify  what  part) 

Brakes  adjusted 

Brake  hanger  repaired 

Brake  rod  stripped 

Brake  rods  broken 

Brake  shoe  broken   (location) 

Brake  shoe    worn    out    (location) 

Brake  shoe  trimmed    (location) 

Brake  shoe  turned   (location) 

Brake  shoe  head  put  on   (type) 


T-   1   Journal  box  repaired 

T-  2   Journal  box  shimmed 

T-  3  Journal  yoke  repaired 

T-  4  Journal  yoke  changed 

T-  5  Journal  bearings   changed    (type) 


B-11 
B-12 
B13 
B-14 
B1.5 
B16 
B17 
BIB 
B-19 


BRAKES 

Brake   cylinder  rejjaired 

Brake  cylinder  changed    (type) 

Grinders  on 

Grinders  off 

Air  fittings  repair-ed 

Air   cylinder  cleaned  and  oiled 

Air  compressor  oiled 

Air   compressor  changed   (type  and  No.) 
Air  compressor  armature  changed   (type 
and    No.) 


TRUCKS 

T-  6  Bolster  repaired    (truck  or  body) 

T-  7  Bolster  oiled 

T-   8  Rub  irons  repoired 

T-  9  Rub   irons  changied 

T-10  Truck  springs  repaired    (No.  and  type) 


B-20  Air  compressor  brush  yoke  Tepaired 

B-21  Air  compressor  brush  yoke  changed 

B-22   Air  compressor  carbon  put  in 

B-23  Air  compressor  fields  changed    (No.) 

B-24  Air  governor  repaire<l 

B-2.5   Air   i;overnor  changed    (type) 

B-26  Engineer's   valve   repaired 

B-27  Engineer's  valve   changed    (type) 

B-28  Engineer's  valve  oiled 


T-11   Truck  springs  changed    (No.  and  type) 
,T-12  Check  plates  put  on  (No.. and  type) 
T-13  Pilot  boards  repaired 
T-14  Pilot  boards  put  on 


C-   1   Light    circuit   repaired 
,0-  2  Electric  signal  bells  repaired 
,'C-  3  Electric  heater  repaired 

C-  4  New  batteries  (No.) 

0-  5  Head  light  glass 

C-  6  Head  light  repaired 

C*  7  Sand  box  repaired 

0-  8   Sash  repaired 

C-  9  Window  light  repaired 

0-10  Curtains  repaired 

C-11  Dash  repaired 

C-12  Vestibule  repaired 

0-13  Panel   repaired 

0-14  Ventilator  repaired 


CAR  BODY  AND  DETAILS 

C-15  Hoods    repaired 

C-ie  Hood  sign  repaired 

C-17  Boll  rope  repaired 

C-18  Signal  bell  repaired 

0-19  Foot  gong  repaired 

C-20  Gate  repaired 

C-21  Rear  doors  repaired 

C-22  Handles  repaired 

C-23  Seats  repaired 

C-24  Guard  rail  repaired 

C-25  Steps  repaired   (end) 

C-26  Draw  bar  repaired 

C-27  Draft  rigging  repaired 

C-28  Draft  rigging  changed 


FENDERS 


F-1   Fenders  repaired 

F-2  Fenders  put  on  (type) 


C-31 
0-32 
C-33 
C-34 
C-35 
C-36 
C-37 
C-38 
C-39 
C-40 
0-41 
0-42 


SWEEPERS 


S-l  Sweeper  lirooms  repaired 
S-2  Broom  motor  repaired 


Front  door  repaired   (intermediate) 
Front  exit   door  repaired    (P.  A.   Y.   E. 

cars) 
Car  washed 
Car  sand  papered 
Car  primed 
Car  coated 
Car  varnished 
Car  striped 
Car  puttied 
Car  burned  oflf 
Car  transferred 
Stove  repaired 
Hot  water  pipe  repaired 
Running  board  repaired 


John  S.  Dean 
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PERSONALS 


TRADE  NOTES 


Mr.  A.  M.  Dudley  of  the  industrial 
engineering  department  of  the  Westing- 
house  Electric  &  Mfg.  Company  has 
been  appointed  manager  of  the  automo- 
tive equipment  engineering  department 
of  the  Company. 


Mr.  W.  S.  Rugg,  manager  of  the  rail- 
way sales  department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has 
been  appointed  assistant  to  vice-presi- 
dent. He  will  also  continue  in  charge 
of  the  marine  department  of  the  Com- 
pany. 


Mr.  P.  M.  Downing,  chief  engineer  of 
the  Pacific  Gas  &  Electric  Company  has 
been  elected  vice-president  of  the  Com- 
pany in  charge  of  electrical  operations. 


Mr.  George  M.  Eaton,  formerly  in 
charge  of  the  railway  engineering  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Company  has  been  made  chief 
mechanical  engineer  of  the  Company. 


Mr.  D.  H.  Colcord,  formerly  of  the 
Westinghouse  Air  Brake  Company,  de- 
partment of  publicity  has  been  appointed 
director  of  research  engineering  of  the 
Square   D   Company  of   Detroit,   Mich. 


Mr.  J.  M.  Hippie  of  the  industrial 
engineering  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  has 
been  appointed  manager  of  the  industrial 
and  railway  motor  engineering  depart- 
ment. 


Mr.  George  D.  Piper,  formerly  direc- 
tor of  works  accounting  of  the  West- 
inghouse Electric  &  Mfg.  Company,  has 
been  elected  assistant  auditor  of  the 
Company  by  the  board  of  directors. 


Mr.  Wm.  T.  Poulterer  has  resigned 
from  The  Philadelphia  Electric  Com- 
pany Supply  Departme'nt  to  accept  the 
position  of  electrical  engineer  of  the 
Electrical  Development  &  Machine  Com- 
pany of  Philadelphia,  Pa. 

Mr.  A.  B.  Cole  has  been  made  assist- 
ant manager  of  the  publicity  department 
of  the  W^estinghouse  Electric  &  Mfg. 
Compan}-  and  in  this  capacity  will  have 
complete  charge  of  the  publicity  and 
promotion  work  of  the  Westinghouse 
Electric  International   Company. 

Mr.  R.  A.  Neal  has  been  appointed 
manager  of  the  switch  section  of  the 
Westinghouse  Electric  &  Mfg.  Company 
at  the  East  Pittsburgh  works  to  succeed 
Mr.  T.  A.  McDowell  who  was  receritly 
made  manager  of  the  cost  and  develop- 
ment section. 

Mr.  Thomas  N.  Mehan,  formerly  with 
the  Electric  Appliance  Company,  is  now 
a  member  of  the  sales  organization  of 
the  Paul  \\'.  Koch  Company  of  Chicago. 


—The  Gurney  Ball  Bearing  Co.,  James- 
town, N.  Y.,  has  issued  a  helpful  en- 
gineering bulletin  giving  a  number  of 
specific  instances  of  the  use  of  ball  bear- 
ings in  machine  design.  It  is  profusely 
illustrated  with  e.xamples  of  both  the  or- 
dinary and  the  very  difificult  problems 
that  have  been  successfully  solved  by  the 
use  of  ball  bearings.  Particular  atten- 
tion is  called  to  the  fact  that  wherever 
radical  and  thrust  loads  occur  in  a  shaft, 
they  are  taken  care  of  by  a  single  bear- 
ing with  a  single  row  of  balls.  It  will 
be  remembered  that  Mr.  F.  W.  Gurney 
was  the  first  to  bring  out  a  radial-thrust 
bearing  of  this  type.  This  was  sold  in 
the  face  of  strong  opposition  from  the 
supporters  of  the  old  theory  that  radial 
and  thrust  loads  must  be  carried  on 
separate  bearings.  That  the  consensus 
of  opinion  on  this  point  among  en- 
gineers and  bearing  manufacturers  is 
now  in  full  accord  with  Mr.  Gurney's 
radio-thrust  principle  is  proven  by  the 
fact  that  practically  every  manufacturer 
of  ball  bearings  is  producing  a  bearing 
of  this  type. 

This  latest  Gurney  bulletin  emphasizes 
the  fact  that  Gurney  Ball  Bearings  are 
rated  with  considerably  higher  load 
carrying  capacity  than  other  ball  bear- 
ings of  equal  size.  The  reason  for  this 
high  rating  is  very  clearly  pointed  out 
and  is  shown  to  be  due  to  the  fact  that 
in  Gurney  Bearings  there  are  the  maxi- 
mum both  in  number  and  size  of  balls 
possible  in  a  single  row  bearing.  An- 
other reason  for  their  greater  load  capa- 
city is  the  grinding  of  the  race  contour 
to  a  very  close  approximation  of  the 
contour  of  the  balls  themselves,  thus 
greatly  increasing  the  load  supporting 
surface. 

Gurney  Ball  Bearings  are  assembled 
by  a  patented  process  developed  in  the 
Gurney  Plant,  which  makes  it  possible 
to  assemble  the  greatest  number  of 
maximum  size  balls  into  the  bearing 
without  the  use  of  a  filling  slot  or  other 
similar  expedient.  Engineers  or  others 
who  are  interested  in  the  carrying  of 
shafts  upon  bearings  which  permit  axial 
stability  and  at  the  same  time  rotation 
with  a  minimum  of  friction,  will  secure 
data  of  considerable  value  to  them  in 
their  work  from  this  bulletin.  A  copy 
will  be  gladly  sent  by  Gurney  Ball  Bear- 
ing Co.,  upon  request. 

The  Electric  Storage  Battery  Com- 
pany of  Philadelphia  have  gotten  out  an 
interesting  booklet  entitled  "15  points  on 
Ironclad^Exide  Sitorage  Batteries'' 
showing  numerous  applications  of  these 
batteries  in  railway  and  wharf  haulage 
and  in  mines,  along  with  details  regard- 
ing battery  construction.  Copies  of 
this  booklet  will  be  mailed  on  requests 
to  the  Company. 


Mr.  C.  H.  Froebel,  of  the  Dallas  office 
of  the  Westinghouse  Electric  and  Mfg. 
Company,  has  been  appointed  manager 
of  the   Houston   branch   office. 


LOCOMOTIVE  TYPE  AMPERE- 
HOUR  METER 

The  experience  of  the  past  few  years 
in  the  operation  of  storage  battery 
trucks,  tractors  and  battery  mine  loco- 
motives has  clearly  demonstrated  that 
the  chief  problem  in  the  operation  of 
these  devices  is  the  problem  of  the 
storage  battery.  Accordingly,  the  am- 
pere-hour meter,  which  is  the  only  device 
that  automatically  gives  a  true  indication 
of  the  state  of  charge  of  the  storage 
battery    at    all    times    and    automatically 


terminates  the  charge  at  the  proper 
time,  is  of  special  ,importance  in  this 
connection.  A  new  locomotive  type 
ampere-hour  meter  has  just  been  de- 
signed by  Sangamo  Electric  Company  in 
order  to  meet  the  severe  requirements 
as  to  overload  and  vibration  experi- 
enced in  this  particular  service. 

The  ampere-hour  meter  when  installed 
permanently  in  the  storage  battery  cir- 
cuit on  the  truck,  tractor  or  locomotive, 
registers  every  ampere-hour  which  the 
battery  discharges  in  driving  the  vehicle, 
and  since  the  total  battery  capacity  is 
indicated  by  the  red  "Empty"  hand  on 
the  meter,  the  black  hand  indicates  the 
remaining  capacity  left  in  the  battery. 
The  operator  then  knows  at  all  times 
how  much  farther  he  can  run  the  truck. 
When  the  battery  is  later  put  on  charge 
the  ampere-hour  meter  registers  as  the 
charge  proceeds,  operating  in  a  direction 
reverse  from  that  of  discharge.  When 
the  battery  has  been  fully  charged  the 
meter  will  register  zero  and  make  con- 
tact within  the  meter,  which  trips  circuit 
breaker  in  the  charging  circuit. 

No  battery  is  100  percent  efficient. 
More  charge  must  be  given  than  was 
taken  out  on  the  previous  discharge,  so 
there  must  be  a  certain  amount  of  ex- 
cess charge  each  time  the  battery  is 
charged.  This  feature  is  automatically 
provided  for  in  the  locomotive  type 
ampere-hour  meter  by  means  of  a  vari- 
able resistor  device,  which  causes  the 
meter  to  run  slower  bv  any  desired  per- 
centage on  charge  than  on  discharge 
for  equal  current  flow.  This  auto- 
matically provides  that  the  battery  will 
he  given  any  desired  percentage  of  over- 
charge, for  by  the  time  the  meter  indi- 
cating hand  gets  back  to  the  full  charge 
position,  all  of  the  previous  discharge 
plus  a  certain  percentage  overcharge 
(depending  upon  the  settinnr  of  the  vari- 
able resistor  element)  will  have  been 
nut  back  into  the  storage  batter}-.  This 
feature  is  entirely  automatic,  and  once 
the  resistor  has  been  set  at  the  desired 
percentage  of  overcharge,  no  further  at- 
tention need  be  given  the  device. 

The  locomotive  tyoe  meter  which  has 
been  especially  designed  to  meet  the 
severe  requirements  of  mine  locomotive 
and  industrial  truck  service  embodies 
several  distinct  improvements  over 
previous  Sangamo  ampere-hour  meters. 

I — Overload  capacity  increased. — The 
locomotive  type  meter  will  carry  300 
percent  load  continuously  and  500  per- 
cent load  for  three  minute  periods  with- 
out undue  heating  of  any  parts. 

2 — The  meter  is  made  dust  and  mois- 
ture proof  by  means  of  improved  bind- 
ing posts,  terminals  and  soft  rubber 
gasket  in  the  case. 

3 — New  type  contact  at  zero. — This  is 
mounted  entirely  back  of  the  dial  and 
operates  on  cam  principle  instead  of 
lever  as  formerly,  thereby  reducing  drag 
on  meter  and  increasing  reliability  of 
the  action  of  the  contact. 

4 — Modified  motor  element. — Special 
treatment  is  given  to  both  the  armature 
disc  and  armature  bo.x  interior  which 
has  reduced  the  formation  of  mercury 
dross  to  about  %  of  that  formerly  ex- 
perienced. This  will  probably  improve 
the  meter  operation  very  greatly  and 
eliminate  trouble  due  to  meters  being 
slow  on  account  of  dross. 

i; — Reset  made  dust  proof. 

6 — Lock  zcashers  throughout  and 
special  rugged  construction  combined 
with  mercury  floatation  of  the  rotating 
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FIRE  EXTINGUISHMENT 

Practically  every  fire  can  be  extin- 
guished within  the  first  five  minutes,  if 
proper  equipment  is  brought  into  use, 
by  men  who  know  how  to  use  it.  Suc- 
cessful extinguishment  of  fires  does  not, 
in  general,  require  elaborate,  expensive 
equipment ;  the  essentials  are  the  right 
kind  of  equipment  (suited  to  the  exist- 
ing hazards),  kept  in  good  condition  in 
the  right  place,  men  who  know  how  to 
use  it,  and  that  it  be  brought  into  use 
immediately  after  the  fire  starts. 

No  matter  how  well  equipped  a  plant 
is  with  fire-fighting  apparatus,  nor  how 
well-trained  the  men  may  be  to  handle 
this  apparatus,  it  is  of  the  utmost  im- 
portance that  the  public  fire  department 
be  notified  immediately  when  fire  is  dis- 
covered, in  addition  to  the  efforts  with 
private  equipment.  When  men  rely 
wholly  upon  their  own  ability  to  extin- 
guish small  fires,  serious  losses  often 
result  which  could  have  been  prevented 
had  the  public  fire  department  been  noti- 
fied  promptly. 

SPRINKLERS 

The  automatic  sprinkler  is  considered 
the  most  important  of  all  fire-extin- 
guishing apparatus.  The  design  and  in- 
stallation of  sprinkler  systems  cannot  be 
described  in  a  brief  article.  When  paint- 
ing or  calcimining  the  ceiling  or  over- 
head piping,  it  is  advisable  to  cover 
each  sprinkler  head  with  a  small  paper 
sack,  care  being  taken  to  remove  such 
sacks  when  the  work  is  done.  Paint 
may  so  affect  the  sensitiveness  of  the 
solder  that  heads  will  not  operate  ex- 
cept at  a  much  higher  temperature  than 
intended. 

Water  shut  off  from  sprinkler  pipes  is 
the  most  frequent  cause  of  unsatisfac- 
tory control  of  fire  by  automatic  sprink- 
ler systems.  Inspections  often  reveal 
that  the  control  valves  are  closed  and 
that  therefore  the  sprinklers  would  be 
practically  valueless  in  case  of  fire.  A 
safeguard  against  this  contingency  is  to 
seal  or  strap  the  water  control  valves  in 
open  position ;  this  will  tend  to  prevent 
malicious  or  careless  closing  of  the  val- 
ves. An  electrical  singnaling  device 
which,  whenever  the  normal  position  of 
any  valves  is  disturbed,  will  auto- 
matically signal  a  central  control  station, 
is  also  an  efficient  safeguard  against 
closed  valves. 

Another  very  serious  condition,  which 
often  results  in  the  failure  of  sprinklers 
efficiently  to  control  a  lire,  is  caused  by 
the  piling  of  stock,  and  building  of 
shelving  and  partitions  too  close  to  the 
sprinkler  heads,  so  that  they  obstruct 
the  proper  distribution  of  water  over  the 
surrounding  area.  At  least  twenty-four 
inches  clear  space  should  be  maintained 
below  the  sprinklers  so  that  an  effective 
spray  action  of  the  heads  will  be  pos- 
sible. 


It  is  almost  impossible  to  tell  good 
from  bad  rubber-lined  hose  when  it  is 
new,  either  from  its  appearance  or  by 
putting    it    under    pressure.     It    is    rec- 


commended  therefore  that  only  hose 
bearing  the  label  of  approval  of  Under- 
writers'   Laboratories    be    purchased. 

The  high  cost  of  good  hose  and  the 
importance  of  its  being  in  good  condi- 
tion at  all  times  demand  that  it  be  given 
the  best  of  care.  Hose  should  not  be 
kept  in  a  pump  house,  boiler  house,  or 
other  warm  places,  as  rubber  quickly 
deteriorates  under  such  conditions. 
Where  hose  is  folded  on  shelves  or 
racks  it  should  be  changed  from  time  to 
time  with  bends  at  different  points  to 
prevent  cracking. 

WATER    PAILS 

Cone  or  round  bottom  pails  are  pre- 
ferred by  many,  as  they  are  less  likely 
to  be  used  for  other  purposes.  The  flat- 
bottom  pail  (bucket)  of  about  three  gal- 
lons capacity  is  however  recommended, 
for  if  an  employee  carries  two  pails  to 
a  fire  he  may  set  one  down  while  he 
empties  the  other.  Fire  pails,  water 
barrels  and  water  casks  should  be 
painted  red  with  the  word  "Fire"  in 
white  letters  on  them.  Their  use  for 
purposes  other  than  fire-fighting  should 
be  strictly  prohibited. 

SODA-ACID    EXTINGUISHERS 

The  soda-acid  extinguisher  in  com- 
mon use  employes  a  solution  of  about 
a  pound  and  a  half  of  bicarbonate  of 
soda  to  two  and  a  half  gallons  of  water, 
with  an  inner  container  of  approxima- 
tely four  ounces  of  sulphuric  acid. 
These  are  made  in  ;lie  "loose  stopple" 
and  the  "break  bottle"  types.  The 
latter  are  especially  adapted  for  rail- 
road and  bo.'it  service  wliere  swaying 
and  rocking  would  splash  the  acid  over 
into  the  sod.i  solution  thus  rendering 
it  useless  I'y  inverting  the  extin- 
guisher, or  breaking  the  bottle  the  acid 
is  emptied  into  the  soda  solution,  form- 
ing a  gas  the  expansion  of  which  forces 
out  th'  solution  under  considerable 
pressi'ic. 

Th.se  extinguishers  are  valuable  in 
free  burning  fires  where  there  is  much 
draught.  They  are  also  of  value  in 
fighting  fire  on  ceilings  or  between  walls 
where  it  cannot  be  reached  by  fire  pails. 
Sizes  larger  than  two  and  one-half  gal- 
lons capacity  are  not  recommended  be- 
cause of  the  inconvenience  in  handling. 
Soda-acid  extinguishers  must  be  pro- 
tected against  freezing  and  for  this 
reason  are  of  little  value  in  locations 
where  protracted  cold  spells  prevail. 
Cabinets  (felt  or  asbestos  lined)  con- 
taining a  small  electric  light  beneath  the 
extinguisher,  will  be  adequate  protec- 
tion against  the  cold.  A  red  glass  in 
the  door  of  the  cabinet,  through  which 
the  light  may  be  seen  will  serve  to  mark 
the  location  of  the  extinguisher  box. 
Calcium  chloride  cannot  be  used  in  the 
soda-acid  extinguisher,  as  it  reacts  with 
the  soda.  The  use  of  salt  is  not  advis- 
able because  a  fire  extinguisher  of  this 
type  does  not  operate  efficiently,  and  also 
because  the  salt  will  crystallize  on  the 
sides  and  may  corrode  the  extinguisher. 
These  crystals  are  apt  to  clog  the  out- 
let, thus  causing  the  weakened  tank  to 
explode  when   used.     The  soda  solution 


also  may  form  crystals  on  the  inside 
wall  of  the  extinguishers  and  for  this 
reason  should  be  examined  occasionally 
to  see  that  this  condition  does  not  exist. 
The  acid  in  the  extinguisher  constant- 
ly absorbs  water  and,  in  time,  enough 
water  may  be  absorbed  to  cause  the  acid 
to  run  over,  and  acid  dropping  into  the 
tank  will  eat  into  the  side  of  the  tank 
around  the  water  line.  It  is  advisable, 
then,  that  new  acid  be  placed  in  the  bottle 
once  each  year  when  extinguisher  is 
recharged.  Soda-acid  extinguishers 
should  be  recharged  at  least  once  a  year. 
They  should  be  emptied  by  inverting 
and  playing  through  the  hose  as  if  on 
a  fire,  to  insure  the  operation  of  the  e.x- 
tinguisher  and  also  to  give  employees  an 
opportunity  to  see  how  they  are  opera- 
ted. Before  recharging,  the  hose  and 
the  extinguisher  tank  should  be  thor- 
oughly washed. 

CARBON     TETRACHLORIDE    EXTINGUISHERS 

Carbon  tetrachloride  when  heated  to 
about  200  degrees  F.  is  transformed  into 
a  gas  heavier  than  air.  When  thrown 
on  a  fire  the  gas  surrounds  the  fire  area, 
keeping  out  the  air  and  oxygen,  and 
tends  to  smother  the  fire.  As  the  ex- 
tinguishing value  of  carbon  tetrachloride 
depends  on  the  smothering  effect  of  the 
gas,  these  extinguishers  are  of  little 
value  where  there  is  a  wind  or  other  air 
current  which  will  carry  the  gas  away 
from  the  fire.  A  fire  in  freely-burning 
material,  such  as  wood  or  paper,  quickly 
creates  a  strong  draft  of  air  inward 
and  upward,  and  such  fires  are  difficult 
to  extinguish  with  carbon  tetrachloride 
except  when  they  are  very  small.  This 
type  of  extinguisher  is  useful  however 
for  reaching  fires  in  partitions,  and 
other  concealed   spaces. 

Extinguishers  containing  this  fluid  are 
of  particular  value  for  electric  fires,  as 
the  carbon  tetrachloride  is  a  non-con- 
ductor of  electricity  and  will  not  injure 
'-lectrical  apparatus.  The  stream  may  be 
directed  on  the  commutator  ot  a  dynamo 
without  danger  to  operator  or  dynamo. 
Carbon  tetrachloride  extinguishers  are 
recommended  for  electric  cranes,  at 
motors  (whenever  located)  and  at  con- 
venient points  in  power  houses.  Car- 
bon tetrachloride  does  not  deteriorate 
with  age,  nor  freeze  at  usual  tempera- 
tures, and  if  mixed  with  a  small  percent 
of  certain  other  ingredients  will  with- 
stand a  temperature  of  50  degrees  below 
zero. 

Although  there  is  a  question  whether 
or  not  the  gas  itself  is  harmful,  there 
are  instances  where  persons  have 
been  overcome  wdiile  using  the  extin- 
guishers. Carbon  tetrachloride  extin- 
guishers should  be  tested  periodically 
to  see  that  the  pump  has  not  gummed, 
which  would  interfere  with  its  free 
action.  It  is  suggested  that  twice  each 
year  all  extinguishers  be  tested  by  dis- 
charging (by  pumping)  all  the  contents 
into  a  pail.  The  pump  should  then  be 
operated  vigorously  to  make  sure  that 
it  works  freely,  and  that  the  packing  is 
flexible.  Then  the  fluid  should  be  re- 
placed, a  little  being  added  to  fill  the 
tank. 
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Every  well  established  manufacturing 
Kesearch  concern  requires  a  staff  of  experts  to 

and  ^  diagnose  and  eliminate  works 
Manufacturing  troubles  and  to  pass  upon  raw  ma- 
terials and  finished  product.  If  strong  competition  has 
also  to  be  met,  improvements  in  products  and  processes 
must  constantly  be  made,  new  products  added  and  by- 
products utilized.  Such  advances  are  made  through 
either  invention  or  research — usually  both. 

In  a  small  concern  these  several  functions  may  all 
be  vested  in  a  single  operative  head  who  passes  upon 
product  and  raw  materials,  cures  works  troubles,  buys 
patents,  develops  new  products  and  initiates  all  classes 
of  improvements.  But  in  a  large  complex  organization 
such  activities  are  highly  differentiated  and  each  is 
placed  in  the  hands  of  a  corps  of  experts;  experts  on 
patents  and  patent  law,  experts  in  management,  in  de- 
sign, in  testing  and  in  various  materials  and  processes. 
All  design  and  testing  falls  naturally  into  an  engineering 
department.  Within  this  department,  certain  testing, 
the  writing  of  specifications  and  the  elimination  of  many 
manufacturing  troubles  is  in  the  hands  of  trained 
physicists  and  chemists. 

Scientific  research  is  one  of  the  youngest  branches  in 
the  evolution  of  a  large  manufacturing  plant.  Its  func- 
tion is  to  obtain  the  fundamental,  far  reaching  informa- 
tion upon  which  engineering  development  rests.  Re- 
curring works  troubles  and  development  problems  fre- 
quently indicate  an  unknown  basic  principle  upon  which 
depends  the  clearing  up  of  a  whole  series  of  troubles  or 
the  advance  into  a  whole  new  field  of  development. 
Such  fundamental  principles  can  generally  be  arrived 
at  only  by  patient,  long  continued  effort  on  the  part  of 
experts  of  wide  experience  in  a  special  field.  The  re- 
search engineer  usually  has  neither  the  time  nor  the 
special  scientific  training  to  attack  such  recondite  prob- 
lems profitably ;  his  specialty  is  the  concrete  practical 
problem.  Nor  can  such  research  be  left  to  the  universi- 
ties. University  research  men  are  not  in  contact  with 
industrial  research  problems.  Advanced  students  have 
not  the  time  nor  the  experience  for  very  difficult  prob- 
lems, while  the  instructors  are  chiefly  interested  in  in- 
vestigating the  fundamentals  of  science  itself.  Indus- 
trial research  must  be  cared  for  by  the  industries  them- 
selves. 

The  manufacturer  wishes  to  know  for  example,  the 
causes  of  atmospheric  or  of  high  temperature  corrosion 
and  means  for  combating  or  preventing  it.  Either 
group  of  problems  is  very  complex  in  that  the  contribu- 
tary  factors  are  many  and  their  operation  obscure.  In- 
hibitory factors  are  equally  numerous  with  none  of  them 
entirely  effective.     Obviously  not  even  a  single  specific 


problem  in  this  field  is  to  be  solved  in  a  week  or  a 
month.  Magnetic  aging  is  known  to  depend  upon  both 
composition  and  heat  treatment  and  has  been  eliminated 
ir  certain  products,  but  a  great  deal  of  research  will  be 
required  to  establish  the  limits  within  which  it  is  neces- 
sary to  operate.  The  best  insulating  material  for  a 
specific  purpose  may  be  selected  from  those  available, 
but  if  new  and  improved  materials  are  to  be  developed, 
extended  chemical  research  and  physical  testing  of  a 
high  order  must  be  devoted  to  the  problem. 

Scientific  research  must  everywhere  supply  the  foun- 
dation for  engineering  research  as  the  latter  supports 
engineering  as  engineering  supports  manufacturing. 
The  engineer  is  concerned  with  the  application  of  known 
principles  and  materials  to  practical  concrete  problems. 
It  is  for  the  research  staff  to  supply  him  with  the 
principles  and  with  the  knowledge  of  materials  which 
he  requires.  P.  G.  Nutting 


Among    the    benefits    derived    as    in- 
Small  cidental  byproducts  of  the  great  war. 
Turbine           which    offset    in    some    small    degree 
Development     the  terrible  losses  suffered,  has  been 

the  rapid  advance  in  technical  de- 
velopment along  certain  lines.  The  small  turbine  busi- 
ness is  one  of  those  which  has  been  benefited  in  this 
way.  From  a  neglected  and  somewhat  disreputable 
small  brother  of  the  big  power-house  turbine  it  has  be- 
come an  item  of  standardized  production,  with  all  the 
advantages,  both  to  the  manufacturer  and  the  user, 
which  quantity  manufacture  on  a  large  scale  entails. 
This  was  caused  largely  by  the  production  of  units  in 
large  numbers  for  government  service,  where  reliability 
was  a  vital  essential.  By  reason  of  this  forced  de- 
velopment during  the  war,  small  turbine  builders  were 
enabled  to  concentrate  their  best  engineering  talent  on 
quantity  production,  which  in  turn  enabled  them  to 
make  use  of  the  best  of  materials  and  still  produce  a 
commercially  practical  unit. 

The  e.xperience  gained  in  the  adaptation  of  the 
small,  single  wheel  turbine  to  such  a  variety  of  uses 
both  on  shipboard  and  on  land,  for  the  Government, 
now  redounds  to  the  benefit  of  commercial  users.  The 
essential  characteristics  of  a  small  turbine,  as  described 
in  this  issue  by  Mr.  Forde,  are  economical  operation, 
fool-proof  construction  and  ability  to  run  for  long 
periods  with  a  minimum  of  shut  downs  or  repairs.  The 
strenuous  exigencies  of  the  war  taught  our  manufact- 
urers to  build  machines  having  such  characteristics, 
which  are  now  being  called  for  by  central  station  man- 
agers in  rapidly  increasing  quantities. 

Chas.  R.  Riker 
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R.  E.  Fkrris 

THE  AUXILIARY  rotating  apparatus  on  the  new 
275  ton  locomotives  for  the  Chicago,  Milwaukee 
&  St.  Paul  Railroad  consists  almost  entirely  of 
85  volt  generators  or  motors,  the  only  exception  being 
the  motor  for  the  motor-generator  set.  In  order  of 
v/eight,  this  apparatus  is  as  follows: — 3000  volt  motor- 
generator  set,  axle  generator,  compressor  motor,  main 
blower  motor  and  boiler  blower  motor. 

The  generator  of  the  motor-generator  set  supplies 
current  for  train  lighting  and  for  the  lights  and  control 
on    the    locomotives,    charges    the    locomotive    storage 
battery  and,  in  conjunction  with  the  locomotive  storage 
battery,  supplies 
power   to    drive 
the   compressor 
motor  during  re- 
generation or  at 
standstill. 

There  are 
two  axle  -  driven 
generators  per 
locomotive,  one 
each  on  the  front 
and  rear  bogie 
trucks.  These 
generators  sup- 
ply current  t  o 
excite  the  main 
motor  fields  dur- 
ing regeneration; 

and  also  to  drive  the  compressor  and  blower  motor 
while  the  locomotive  is  moving,  either  motoring  or 
coasting  down  to  a  certain  minimum  speed.  The  com- 
pressor motor  drives  a  150  foot  air  compressor,  power 
being  taken,  as  before   stated,   from  the  generator  of 
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supply  forced  ventilation  to 
boiler  blower  motor  drives  a 
supply  air  for  the  burners. 


the    main    motors.     The 
fan,   when  necessarv   to 


MOTOR-GENERATOR  SET 

The  motor-generator  set  consists  of  a  double  com- 
mutator, 3000  volt  motor,  driving  a  low-voltage  gener- 
ator on  the  same  shaft.  The  motor-generator  set  has 
only  two  bearings,  which  are  of  the  sleeve  type  with 
oil  lubrication. 

The  motor  is  a  bipolar,  commutating-pole  machine 


with    a    series    and    a 


FIG.    I — 3OOO-S5    VOLT    MOTOR-GENER.\TOR    SET 

Of   the  new  275   ton  passenger  locomotives   for  the   Chicago, 
Milwaukee  &  St.  Paul  Railroad. 


separately-excited  main  field. 
Recognizing  the 
severe  duty  im- 

■*;  posed  on  a  3000 

volt  auxiliary 
motor,  this  ma- 
chine was  de- 
signed with  good 
flashing  charac- 
teristics. To  ob- 
tain these  char- 
acteristics the 
bipolar  construc- 
tion was  select- 
ed, and  the  mo- 
tor designed 
with  a  large  air- 
gap,  thus  giWng 
a  heavy  field 
umature.     A    motor    main    pole    is 


compared    to    the 
shown  in  Fig.  4. 

The  armature  has  41  slots  and  each  commutator 
205  bars,  this  combination  again  making  for  good  flash- 
ing characteristics.     The  two  windings  on  the  arma- 


FIG.    2 — WIRING  ni.\GR.\.\I    FOR  THE  M0T0R-CEN'ER.\T0R  SET 

the  motor-generator  set  and  the  batter}'  during  regen- 
eration, below  a  certain  minimum  speed,  or  at  standstill, 
and  from  the  axle  generators  during  motoring  or  coast- 
ing. The  main  blower  motors  are  operated  during  only 
a  portion  of  the  motoring  period,  and  drive  fans  which 


FIG.   3 — ROTATING   ELE.MENT   OF   3OOO   VOLT    MOTOR-GENER.^TOR    SET 

ture  are  entirely  separate,  being  connected  in  series  ex- 
ternal to  the  armature.  The  motor  insulation  has  a 
large  factor  of  safet)',  as  is  shown  in  the  brushholder 
and  commutator  construction.  Figs.  5  and  6. 

The  generator  is  a  four  pole,  commutating-pole  ma- 
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chine,  designed  to  operate  at  approximately  85  volts. 
The  main  field  is  composed  principally  of  a  winding 
separately  excited  from  the  storage  battery  and  in  ad- 
dition has  a  light  series  winding.  This  series  winding 
i-  connected  in  series  with  the  compressor  motor,  in 
order  to  maintain  a  more  nearly  constant  voltage  when 
the  compressor  cuts  in  or  out. 


FIG.    4 — MOTOR    MAIN    FIELD    POLE 

A  diagram  of  connections  of  the  motor-generator 
set  is  given  in  Fig.  2,  in  which  A^  is  the  high-tension 
motor  armature,  A^  the  low-tension  motor  armature, 
A^  the  generator  armature,  F^  the  motor  commutating 
field,  Fn  the  motor  series  field,  F^  tlie  motor  separately- 
excited  field,  F^  the  generator  commutating  field,  F^  the 
generator  separately-excited  field,  F^  the  generator  field 
in  series  with  the  compressor  motor,  R  the  voltage  regu- 
lator on  the  generator  and  B  the  locomotive  storage 
battery. 

The  voltage  of  the  generator  is  held  approximately 
constant  under  var}'ing  speed  and  load  by  a  regulator, 
which  automatically  adjusts  the  separately-excited  gen- 


ture  is  of  the  same  diameter  as  the  motor  armature  and 
also  has  41  slots.  The  commutator  has  81  bars.  Fig. 
7  gives  a  view  of  the  generator  end  housing  and  brush- 
holder,  showing  the  unit  brushholder  construction. 
The  same  t>'pe  of  brushholders  are  used  on  the  blower 


FIG.    6 — REAR    EXD    OF    HIGH    VOLTAGE    COMMUTATOR 

Showing  insulation  and  creepage  distances 

and  compressor  motor,  as  on  the  generator  of  the  mo- 
tor-generator set. 

The  motor-generator  set  as  a  whole  is  self-venti- 
lated by  means  of  a  fan  mounted  on  a  shaft  between 
the  motor  and  generator  armatures.  This  fan  draws 
air  through  ventilated  covers  on  the  outside  end  of  the 
motor  over  the  motor  armature  and  around  the  motor 
field,  expelling  it  at  the  center  of  the  machine.  The 
same  fan  also  draws  air  from  the  generator  end  through 
a  ventilating  cover  over  and  through  the  armature,  and 


— ..,.^?^. 


FIG.    5 — END    HOUSING,    HIGH    VOLTAGE   END 

Showing  motor  main  brush  holder  insulation 

erator  field.  The  generator  is  also  equipped  with  two 
slip  rings,  from  which  alternating  current  is  supplied 
to  the  head  light  through  a  transformer  which  reduces 
the  voltage  to  the  proper  value.     The  generator  arma- 


FIG.    7 — END  HOUSING  ON  GENERATOR  ENT)  OF  MOTOR-GENERATOR  SET 

Showing  construction  of  brushholder  unit  and  head  light 
brushes  for  slip  rings 

around  the  field  coils,  expelling  the  air  at  the  same  out- 
let as  the  air  from  the  motor  end,  as  shown  in  Figs.  2 
and  3.  The  operating  characteristics  of  the  motor-gen- 
erator set  are  shown  in  Fig.  8,  while  Fig.  9  shows  the 
output  of  the  generator  at  two  voltages  under  reduced 
line  voltage. 


I30 


THE   ELECTRIC  JOURNAL 


Vol.  XVII,  No.  d 


AXLE   GENERATOR 

The  axle  generator  is,  to  all  outward  appearances, 
nothing  more  than  a  standard,  axle-mounted,  nose-sus- 
pension,  railway   motor,   as   shown  by   Fig.    lo.     It   is 
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KIG.   8 — OPERATING  CH.\R.ACTERISTICS  OF  THE   MOTOR-GENERATOR   SEP 

wound  for  90  volts  normal  voltage,  and  large  current 
capacity.  The  armature,  therefore,  as  shown  by  Fig. 
II,  is  quite  different  actually  and  in  appearance  from  a 
railway  motor  armature.  The  frame  is  cast  in  one 
piece  and  bored  for  end  housing  seats.  The  end  hous- 
ings are  arranged  for  standard  oil  waste  lubrication. 
In  fact,  the  mechanical  construction  of  the  axle  gener- 
ator is  almost  an  exact  copy  of  existing  standard  rail- 
way motors. 

The  fields  of  the  two  axle  generators  on  each  lo- 
comotive  are   separately   excited    from   the   locomotive 
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FIG.   9— MAXIMUM  GENERATOR  OUTPUT  AT  REDUCED  MOTOR  VOLTAGES 

storage  battery.  This  excitation  is  under  the  control 
of  the  engineer  during  regeneration,  but  is  automatically 
controlled  during  motoring  to  give  90  volts  at  the  axle 
generator.  The  generator  is  equipped  with  four  com- 
inutating  poles  wound  from  flat  copper  strap,  insulated 
between  turns  with  asbestos. 

The  axle  generator  armature  is  16.25  inches  in  dia- 


meter, has  33  slots  and  99  commutator  bars.  Owing 
to  the  large  current,  450  amperes  nominal  rating,  the 
commutator  is  quite  long.  This  length,  however,  is 
partly  due  to  the  use  of  only  two  brushholder  arms,  to 
facilitate  inspection.     The  armature  is  equipped  with  a 


FIG.    10 — I-OVV-VOLTAGE    AXLE    GENERATOR 

fan  which  is  used  to  give  internal  air  circulation  only, 
as  the  axle  generator  is  completely  enclosed  as  a  pre- 
caution against  snow. 

COMPRESSOR  AND  BLOWER  MOTOR 

The  compressor  motor  and  the  motor  which  drives 
the  fan  to  furnish  air  to  the  main  motors  are  identical 
and  interchangeable.  The  motor  has,  however,  a 
tapped  field.  When  used  as  a  blower  motor  it  is  con- 
nected on  full  field,  but  when  driving  the  compressor 
i*.  is  connected  on  the  short  field.  The  motor  is  wound 
for  90  volts  and  operates  at  a  speed  of  approximately 
1200  r.p.m.  It  is  a  standard,  commutating-pole,  series- 
wound,  low-voltage  motor  with  ventilating  features, 
which  give  a  very  low  weight  per  horse-power  output. 
Especially  is  this  the  case  when  the  motor  is  used  to 
drive  the  compressor,  as  in  this  case  a  fan  is  mounted 


FIG.    II — AXLE  GENERATOR    ARMATURE 
Sliowiiii;  loni;  conimut.'itor   for  luavy  current  capacity. 

on  the  coupling  to  the  compressor  which  draws  air 
through  the  motor  in  large  volumes.  Fig.  12  gives  a 
view  of  the  motor  coupled  to  the  compressor. 

The  boiler  blower  motor,  shown  in  Fig.  13,  is  a 
standard,  low-voltage,  series-wound  motor  and  needs 
no  particular  description.  In  fact  the  striking  feature 
of  all  the  auxiliary  rotating  apparatus  on  the  Qiicago^ 
Milwaukee  and  St.  Paul  locomotives,  with  the  exception 
of  the  motor  of  the  motor-generator  set,  is  its  con- 
formity to  standard  practice. 
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-LOW-VOLTAGE    MOTOR    COUPLED    TO    COMPRESSOR 


FIG.    13 — MOTOR-DRIVEN    BOILER   BLOWER 
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Single-PliiasG   Vyaitjweajir.-i  on  T 

J.  c. 

IT  IS  evident  from  the  discussion  of  the  measure- 
ment of  power  in  a  three-phase  circuit  with  a  poly- 
phase wattmeter,  that  if  a  single-phase  wattmeter 
i*-  connected  in  place  of  each  element  of  the  polyphase 
meter,  the  algebraic  sum  of  the  two  single-phase  meter 
readings  will  represent  the  correct  power.  Connections 
for  two  single-phase  wattmeters  or  watthour  meters, 
when  used  in  this  manner,  are  shown  in  Fig.  45.  For  a 
balanced  load,  the  two  meter  readings  are  equal  only  for 
unity  power-factor,  and  for  angles  of  lag  or  lead  greater 
than  60  degrees,  one  meter  reading  becomes  negative. 

Standard  current  transformers  are  designed  so 
that,  for  rated  full  primary  current,  the  secondary  cur- 
rent is  five  amperes,  and  voltage  transformers  are  de- 
signed so  that,  at  rated  primary  voltage,  the  secondary 
potential  is  100  volts.  A  single-phase  wattmeter  de- 
signed for  use  with  instrument  transformers,  is  ordi- 
narily provided  with  a  current  coil  suitable  for  five  am- 
peres and  a  voltage  coil  suitable  for  100  volts,  and  is 
calibrated  so  that  with  five  amperes  flowing  in  the  cur- 
rent coil  and  100  volts  impressed  across  the  voltage  coil, 
the  meter  will  show  full  scale  deflection.  If  the  instru- 
ment transformers  have  a  one  to  one  ratio,  the  full 
scale  would  be  500  watts.  For  other  ratios  the  scale 
would  be  marked  to  indicate  the  power  represented  by 
the  product  of  the  current  and  voltage  on  the  primary 
side  of  the  instrument  transformers. 

The  curves  in  Fig.  46  shows  the  measurement  in 
watts  for  each  meter  when  connected  as  in  Fig.  45,  and 
the  total  power  given  by  the  sum  of  the  two  measure- 


Group 

nients,  for  a  balanced  load  where  the  power-factor 
varies  from  100  percent  to  zero  lagging.  The  condi- 
tions assumed  are  for  instrument  transformers  having 
one  to  one  ratio  and  for  a  full  load  of  five  amperes  per 
line  at  100  volts  in  the  three-phase  circuit.  The  full 
scale  of  each  meter  is  therefore  500  watts.  Curve  /  re- 
presents the  power  measured  by  the  left  hand  meter, 
curve  //  the  power  measured  by  the  right  hand  meter, 
and  curve  ///  the  sum  of  the  two  measurements  or  the 
total  power  delivered  by  the  three-phase  circuit.     In  the 


I'IG.   45 — ME.\SUR1NG     I!ALA^■CED     THREE-PHASE     LOADS     WITH     TWO 
SINGLE-PHASE  WATTMETERS 

case  of  leading  power-factors,  curve  /  would  represent 
the  power  measured  by  the  right  hand  meter  and  curve 
//  the  power  measured  by  the  left  hand  meter.  Curve 
///  is  a  straight  line  which  shows  that,  for  a  balanced 
load,  and  constant  current  and  voltage,  the  power  de- 
livered by  a  three-phase  circuit  is  directly  proportional 
to  the  power-factor.     At  unity  power- factor  it  can  be 
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seen  from  curve  ///  that  the  total  power  is  866  watts 
which  is  in  accordance  with  the  standard  expression  for 
the  power  in  a  three-phase  circuit,  that  is,  ]  J"  times  the 
product  of  the  line  voltage  and  the  line  current.  As 
long  as  the  load  is  balanced,  the  ratio  of  the  two  meter 
readings  is  dependent  directly  upon  the  angle  of  lag  or 
lead,  so  that  the  power-factor  can  be  determined  from 
the  ratio  of  these  readings  for  a  balanced  load  and  a 
pure  sine  wave.  A  curve  showing  the  relation  between 
the  ratio  of  the  meter  readings  and  power-factor  of  the 
circuit  is  shown  in  Fig.  47. 

The  use  of  two  single-phase  wattmeters  in  place  of 
the  two  elements  of  a  polyphase  meter  on  a  three-phase 
three-wire  circuit,  as  shown  in  Fig.  45,  represents  a 
very  common  connection  for  laboratory  and  test  pur- 
poses but  is  seldom  found  on  switch-boards,  because  the 
polyphase  meter  is  much  more  convenient  for  such  ser- 
vice.    The  vector  analysis  of  the  three-phase  circuit  for 
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FIG.   46— DIAGRAM      SHOWING     POWER     MEASUREMENTS     OF     METERS 
SHOWN    IN   FIG.   45 

the  measurement  of  power  by  the  two  single-phase  watt- 
meters is  the  same  as  for  the  polyphase  meter. 

The  power  in  a  three-phase  three-wire  circuit  can 
also  be  measured  by  three  single-phase  wattmeters  con- 
nected as  shown  in  Fig.  48.  Three  current  trans- 
formers and  two  voltage  transformers  are  required.  A 
vector  diagram  for  this  arrangement,  for  a  balanced 
load  at  unity  power-factor,  is  shown  in  Fig.  49  in  which 
■^1 2>  ^2  3.  ^"d  £3 1  represent  the  line  voltages  120  de- 
grees apart.  The  voltage  coils  of  the  meters  are  not 
connected  across  the  voltage  transformers  but  are  con- 
nected in  star,  one  end  of  each  voltage  coil  being  con- 
nected to  a  line  and  the  other  end  of  each  coil  being 
connected  to  a  common  neutral  point.  For  this 
common  point  to  be  a  true  neutral,  it  is  necessary  that 
the  voltage  circuits  have  the  same  impedance,  and  the 
accuracy  of  the  meter  reading  depends  on  the  common 
point  being  a  true  neutral.  In  the  vector  diagram,  E^  „, 
£2  0.  snd  £3  0  represent  the  voltages  impressed  on  the 


voltage  coils  of  the  right  hand,  middle,  and  left  hand 
wattmeter  respectively.  These  voltages,  being  30  de- 
grees behind  the  line  voltages,  are  in  phase  with  the 
line  currents  represented  by  /,,  L,  and  /j.  The  power 
measured  by  the  three  wattmeters  is  equal  to  £,  „,  ^1  + 
E.,  0  /j  -)-  £3  0  /g  or  J  £p  I  where  £p  is  the  balanced 
three-phase  star  voltage  and  /  the  three-phase  line  cur- 
rent for  the  balanced  load.  But  E,  =  1/3  \  J  E  where  £ 
is  the  three-phase  line  voltage,  and  therefore  the  power 
is  \  y  EI  which  is  correct  for  the  three-phase  circuit 
at  unity  power-factor.  For  balanced  loads  the  three 
wattmeter  readings  are  equal  at  any  power- factor, 
each  being  //j  ^  J  E  I  cos  0  where  <^  is  the  angle  of 
lag  or  lead. 

The  three-single  phase  wattmeters  connected  as  in 
Fig.  48,  correctly  measure  the  power  of  unbalanced  as 
well  as  balanced  loads,  as  can  be  shown  by  considering 
the  extreme  case  of  unbalancing  where  a  single-phase 
load  is  taken  off  between  any  two  of  the  lines.     In  Fig. 
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FIG.   47 — CURVE    FOR    DETERMINING   THE    POWER-FACTOR   OF   A 

HALANCED    THREE-PHASE    LOAD    FROM    THE    RATIO   OF 

METER    READINGS 

50  a  vector  diagram  is  shown  for  the  case  where  a 
single-phase  load  at  unity  power-factor  is  connected  be- 
tween lines  I  and  2,  and  current  flows  in  lines  i  and  2 
but  not  in  line  3.  /j  represents  the  current  in  line  / 
and  the  current  which  flows  through  the  right  hand 
wattmeter,  and  I^  the  current  in  line  2  and  the  current 
v.hich  flows  through  the  middle  wattmeter.  I^  is  30 
degrees  ahead  of  £1  „,  and  I^  30  degrees  behind  £j  „. 
and  therefore  the  power  measured  by  the  two  watt- 
meters is  1/2  1  ,,"/,  £1 0  +  V^  1  J  ^2  £=  0-  But  for 
balanced  voltages  E^  0  and  E^  0  are  equal  and  may  be 
represented  by  1/3  \  ,r  E  where  £  is  the  three-phase 
line  voltage;  and  /,  and  /,  are  the  same  and  therefore 
the  expression  for  the  power  reduces  to  E  I  which  is 
correct  for  the  single-phase  circuit  at  unity  power-fac- 
tor. Similar  reasoning  will  show  that  the  middle  and 
left  hand  wattmeters  measure  the  power  of  a  single- 
phase  load  connected  between  lines  2  and  3,  and  that 
the  right-hand  and  the  left-hand  wattmeters  measure 
the  power  of  a  single-phase  load  connected  between 
lines  3  and  /. 

For  a  single-phase  load  connected  between  lines  i 
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and  2,  if  the  current  lags  by  an  angle  "^ ,  it  is  evident 
from  the  vector  diagram,  Fig.  50,  that  the  power 
measured  by  the  right-hand  wattmeter,  expressed  in 
terms  of  the  three-phase  line  voltage  and  line  current, 
is  //j  \  T E  I  cos  (jo  — <^  ),  and  the  power  measured 
by  the  middle  wattmeter  is  //j  ]  7  E  I  cos  (jo  -|-  </, ). 
The  sum  of  the  readings  is  //j  1 


FIG.    48 — CONNECTIONS     FOR     SEPAK-      FIG.  40 — \ECTOR  DIAGR.\.\I  OF  CIK- 
."VTEl-Y    MEASURING    THE    PHASE  CUIT   SHOWN   IN    FIG.   48 

LOADS 

+  COS  (jo  -\- <(>)]  ^  1/3  \  T E  I  [cos  SO  cos4>-\-  sin 
50  sin<t>  -f-  cos  JO  cos<i>  —  sin  JO  sin4>  ]  =  //j  ]  J  EI 
[]  J" cos <t>]  =  E  I  cos <t> which  is  the  correct  expression 
for  the  power  in  a  single-phase  circuit  at  any  power- 
factor,  and  shows  that  the  wattmeters  correctly  mea- 
sure the  power  for  an  unbalanced  load  at  any  power- 
factor. 

The  power  in  a  three-phase  three-wire  circui:  for 
a  balanced  load  may  be  measured  with  one  single- 
phase  wattmeter  connected  as  in  either  Fig.  51  or  Fig. 
54.  In  Fig.  52  is  shown  a  vector  diagram  for  a  balanced 
load  at  unity  power-factor  on  the  three-phase  circuit 
shown  in  Fig.  51.  E^  ^,  E.  3,  and  £3  ,,  120  degrees  apart. 


2,  and  /j  represents  the  current  which  flows  through 
the  wattmeter.  It  is  evident  from  the  connections  in 
Fig.  51  that  the  positive  direction  of  I^  through  the 
meter  is  in  the  reverse  direction  with  reference  to  the 
positive  direction  assumed  for  the  meter  coils,  but  it  is 
necessary  that  this  current  be  taken  through  the  meter 
in  this  way  for  the  vector  diagram  shows  that  /j  is  120 
degrees  from  £31,  and 
therefore  the  torque  pro- 
ducing or  power  com- 
ponent of  /j,  in  phase 
with  £3  ^  in  the  meter 
coils,  is  in  reality  that  ob- 
tained by  projecting — /, 
on  the  line  of  the  voltage 
vector  £3  J,  which  is  in  the 
same  direction  as  £3  ^  and 
this  gives  a  positive  meter 
reading.  The  power  meas- 
ured by  the  wattmeter  in 
or  1/2  E  I  where  £  is  the  line 
The  result  is  only  one- 
/,A  and  /.. 


FIG.  50 — VECTOR  DIAGRA.M,  FOK 
A  SINGI.E-PHASE  LOAD,  OF 
CIRCUIT  SHOWN  IN  FIG.  48 


this  case  is  £  /  cos  60° 
voltage  and  /  the  line  current, 
half  of  the  power  in  the  single-phase  circuit. 
represent  the  line  currents  when  the  single-phase  load  is 
between  lines  2  and  J,  and  in  this  case  /j,  60  degrees  be- 
hind £3 1,  represents  the  current  which  flows  through 
the  wattmeter.  Therefore  the  power  measured  by  the 
meter  is  £3  j  I3  cos  60°  or  1/2  E  I,  where  E  is  the  line 
voltage  and  /  the  line  current.  The  result  is  again  only 
one-half  the  correct  power.  /3A  and  /ja  represent  the 
line  currents  when  the  single-phase  load  is  between 
lines  J  and  /,  and  in  this  case  the  current  /m,  which 
flows  through  the  meter,  is  equal  to  /3A  —  -^ia  (vec- 

represent  the  line  voltages  and  /„  /„  and  I,  represent     t^.i^Hy^^  ^^^  3i„ce  the  two  currents  are  in  phase,  / 

the   line    currents.     The    current   transformers    are    so 


equals  twice  the  line  current,  /m  is  in  phase  with  £3 1 
and  therefore  the  power  measured  by  the  wattmeter  is 
£3 1  /m  or  .?  £  /  where  £  is  the  line  voltage  and  /  the 
line  current.     The  result  is  twice  the  actual  power. 

The  vector  diagram.  Fig.  55,  is  for  a  balanced  load 


connected  that  the  current  lu,  which  flows  through  the 
wattmeter,  is  equal  to  I^  —  /^  (vectorially),  and  being 
30  degrees  out  of  phase  with  these  currents,  is  equa'  to 
1  T  times  the  line  current.  The  voltage  coil  of  the 
Vv-attmeter  is  connected  to  the  line  voltage.  Therefore 
the  power  measured  by  the  wattmeter  is  |  "  £  /  where  at  unity  power-factor  on  the  three-phase  circuit  with 
E  is  the  line  voltage  and  /  the  line  current,  and  this  re-  the  single-phase  wattmeter  connected  as  in  Fig.  54.  The 
suit  is  correct  for  the  power  in  a  three- 
phase  circuit  for  a  balanced  load  at 
unity  power  factor.  For  a  balanced 
load  at  any  power  factor  the  meter's 
measurement  is  i/J'£  /  cos  4>,  where  </> 
is  the  angle  of  lag  or  lead. 

The  single-phase  wattmeter,  con- 
nected as  in  Fig.  51,  does  not  measure 
the  power  correctly  for  unbalanced 
loads  as  can  be  seen  by  considering  the 
extreme  case  of  unbalancing  where 
single-phase  loads  are  taken  off  between 
any  two  of  the  lines.  A  vector  diagram 
for  these  conditions  is  shown  in  Fig.  53,  in  which  £,  ,  line  voltages  are  represented  by  E^  2,  E^  3,  and  £3 1,  and 
represents  the  line  voltage  impressed  on  the  voltage  the  line  currents  by  /,,  L,  and  1 3.  The  voltage  trans- 
coil  of  the  wattmeter,  I^  and  L_  represent  the  line  cur-  formers  are  so  connected  that  the  voltage  £m,  impressed 
rents  when  the  single-phase  load  is  between  lines  /  and     on  the  voltage  coil  of  the  wattmeter,  is  equal  to  £2  3  — 


FIG.    51 — MEASURING   liAL- 

ANCED     THREE-PHASE 
LOADS    WITH    ONE   SINGLE- 
PHASE    WATTMETER 


FIG.    52 — VECTOR    DIAGRAM, 

FOR   BALANCED   LOAD,  OF 
CIRCUIT  SHOWN  IN  FIG.  51 


FIG.    5i — VECTOR   DIAGRAM, 

FOR    SINGLE-PHASE    LOADS, 

OF   CIRCUIT   SHOWN    IN 

FIG.  =;i 
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E^  2  (vectorially)  and  being  30  degrees  out  of  phase 
with  these  line  voltages  is  equal  to  y  7^  times  the  line 
voltage.  The  current  /j  which  flows  through  the 
wattmeter  is  in  phase  with  E-m.  Therefore  the  power 
measured  by  the  wattmeter  is  £m  I^  or  y'JEI  where  E 
is  the  line  voltage  and  /  the  line  current,  and  this  result 
i-  correct  for  the  power  in  a  three-phase  circuit  for  a 
balanced  load  at  unity  power-factor.  For  a  balanced 
load  at  any  other  power-factor,  the  meter  measure- 
ment is  I  T E  I  COS'S)  where </>  is  the  angle  of  lag  or  lead, 
and  this  also  is  correct. 

The  single-phase  wattmeter  connected  as  in  Fig.  54 
does  not  correctly  measure  the  power  of  unbalanced 
loads,  as  can  be  seen  by  considering  the  extreme  case 
of  unbalancing  where  single-phase  loads  are  taken  off 
between  any  two  of  the  lines.  A  vector  diagram  for 
these  conditions  is  shown  in  Fig.  56,  in  which  /,  and  /j 
represent  the  line  currents  when  the  single-phase  load 
i^  between  lines  /  and  2,  and  /j  represents  the  current 
which  flows  through  the  wattmeter.  /„  is  30  degrees 
out  of  phase  with  Eu  and  therefore  the  power  measured 
by  the  wattmeter  is  Eu  h  <^os  30°  or  3/2  E  I,  where  E 
is  the  line  voltage  and  /  the  line  current,  which  i.^  not 


<?.5  amperes.  A  vector  diagram  for  a  balanced  load  at 
unity  power-factor  is  shown  in  Fig.  58.  £1 2.  ^2  3.  ^"^^ 
£j  1,  120  degrees  apart,  represent  the  line  voltages,  and 
1/2  £,  2  represents  one-half  of  the  line  voltage  E^  ^  o^" 
the  voltage  from  the  middle  tap  to  an  outside  line  on 
the  secondary  side  of  the  voltage  transformer  connected 
between  lines  /  and  2.  /j,  I^,  and  I^  represent  the  line 
currents.  1/2  /,  and  1/2  I^  represent  the  currents  in 
the  secondaries  of  the  current  transformers  in  lines  / 
and  2,  and  I3  represents  the  current  in  the  secondary 
of  the  current  transformers  in  line  j.  The  current 
transformers  in  lines  i  and  2  are  so  connected  that  the 
current  /r  which  flows  through  the  right  hand  watt- 
meter is  equal  to  1/2  I ^  —  ^/^  h  (vectorially),  and 
being  30  degrees  ahead  of  1/2  I^  is  equal  to  |  ?  times 
tlvese  currents  and  is  in  phase  with  the  voltage  E^  2- 
Since  the  voltage  coil  of  the  right  hand  wattmeter  is 
connected  to  the  voltage  E^  2.  ^he  power  measured  by 
this  meter  is  E^  2  In  or  1/2  ^  f  E  I  where  £  is  the 
three-phase  line  voltage  and  /  the  line  current.  /,  re- 
presents the  current  which  flows  through  the  left  band 
wattmeter.  The  voltage  transformers  are  connected  so 
that  the  voltage  £l,  impressed  on  the  voltage  coil  of 


FIG.     54 — MEASURING     BALANCED 

THREE-PHASE    LOADS    WITH    ONE 

SINGLE-PHASE    WATTMKTER 


FIG.      55 — VECTOR     DIAGRAM,     FOR     BAL- 
ANCED   LOAD,   OF   CIRCUIT,    SHOWN    IN 
FIG.    54 


FIG.    56 — VECTOR   DIAGRAM,   FOR   SINGLE- 
PHASE  LOADS,  OF  CIRCUIT  SHOWN   IN 


correct  for  the  power  in  the  single-phase  circuit. 
Similar  reasoning  will  show  that  the  reading  is  the  same 
for  a  single-phase  load  between  lines  2  and  j  when  the 
line  currents  are  as  represented  by  /ja  and  /j  in  the  vec- 
tor diagram.  In  case  the  single-phase  load  is  betv/een 
lines  J  and  i,  where  /ja  and  /ja  represent  the  line  cur- 
rents, the  meter  does  not  measure  any  of  the  power,  as 
the  current  transformer  is  in  the  line  in  which  current 
does  not  flow. 

Two  single-phase  meters  connected  as  shown  in 
Fig-  45  give  equal  readings  only  for  unity  power- fac- 
tor. The  connections  shown  in  Fig.  57  are  such  that 
the  readings  of  the  two  single-phase  wattmeters  are 
equal  for  a  balanced  load  at  any  power-factor.  To  ac- 
complish this  it  is  necessary  that  one  of  the  voltage 
transformers  have  a  tap  brought  out  at  the  middle  of 
the  secondary  winding,  and  that  the  current  trans- 
formers in  lines  /  and  2  have  secondary  windings  for 
one-half  the  current  in  the  secondary  winding  of  the 
current  transformers  in  line  5; — that  is,  if  for  full  load 
the  normal  secondary  current  for  the  current  trans- 
former in  line  3  is  five  amperes,  the  secondary  current 
in  the  current  transformers  in  lines   /  and  2  must  be 


the  left  hand  wattmeter,  is  equal  to  £3  2  —  1/2  E^  ^ 
(vectorially),  and  is  in  phase  with  /j.  Therefore,  the 
power  measured  by  the  left  hand  wattmeter  is  £l  L^  or 
1/2  y/f  E^  2  -^3.  since  £l  is  equal  to  £3  2  cos'so°.  Then 
omitting  the  sub-figures  for  the  balanced  load,  the  ex- 
pression for  the  power  becomes  1/2  y  ]~  E  I  where  E 
i=  the  three-phase  line  voltage  and  /  the  line  current  The 
power  measured  by  the  two  wattmeters  is  1/2  j  ,~£  / 
-\-  1/2  ]  i  E  I  =  ]  f  E  I  which  is  correct  for  the 
power  in  a  three-phase  circuit  for  a  balanced  load  at 
unity  power-factor.  It  can  be  seen  from  the  vector 
diagram  that  for  any  power-factor  the  reading  of  each 
meter  is  j/2  yY  E  I  cosv  where"/"  is  the  angle  of  lag 
or  lead,  and  that  the  readings  will  not  become  negative 
before  the  maximum  angle  of  90  degrees  lag  or  lead  is 
reached. 

The  two  single-phase  wattmeters  connected  as  in 
Fig.  57  correctly  measure  the  power  in  the  three-phase 
circuit  for  unbalanced  loads  at  any  power-factor,  as  can 
be  explained  by  considering  the  extreme  case  of  unbal- 
ancing where  single-phase  loads  are  taken  off  between 
any  two  of  the  lines.  However,  for  unbalanced  loads, 
the  readings  of  the  two  w-attmeters  are  not  equal.     In 
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Fig.  59  is  shown  a  vector  diagram  for  the  case  where 
a  single-phase  load  is  taken  from  lines  /  and  2.  /j  and 
/„  represent  the  line  currents  and  are  shown  lagging  by 
an  angle  <t>  in  order  to  make  the  proof  cover  any  power- 
factor.  Current  does  not  flow  in  line  5  and  therefore 
the  left  hand  wattmeter  does  not  measure  any  power. 
The  current  /r,  which  flows  through  the  right  hand 
wattmeter,  is  equal  to  1/2  I^  —  1/2  /j  (vectorially) 
and,  since  these  currents  are  in  phase,  is  equal  to  the 
line  current,  /r  is  out  of  phase  with  the  voltage  E^  , 
by  an  angle  <!> ,  and  therefore  the  power  measured  by 
this  meter  is  £1  ,  /r  cos  4>  or  E  I  cos  0  where  E  is  the 
line  voltage  and  /  the  line  current,  and  this  result  is 
correct  for  the  single-phase  circuit. 

In  Fig.  60  is  shown  a  vector  diagram  for  the  case 
where  the  single-phase  load  is  between  lines  2  and  j. 
/j  and  I3  represent  the  line  currents  and  are  shown 
lagging  by  an  angle  0  .  The  current  from  the  current 
transformer  in  line  2  flows  through  the  right  hand 
wattmeter  in  the  opposite  direction   from  the  positive 


readings  is  1/4  E  I  (cos4>-\-  v  ysin4>  -\-  5  cos<t>  —  y  } 
sin4>  )  =  1/4  E  I  {4  cos4>  )  =  E  1  cos  <t>  which  is  cor- 
rect for  the  single-phase  circuit. 

In  Fig.  61  is  shown  a  vector  diagram  for  the  case 
where  the  single-phase  load  is  between  lines  J  and  /. 
/j  and  /j  represent  the  line  currents  and  are  shown 
lagging  by  an  angled  .  1/2  /j,  representing  the  cur- 
rent which  flows  through  the  right  hand  wattmetei",  is 
60°  -j-0  behind  the  voltage  E^  ^.  Therefore  the  power 
measured  by  the  right  hand  wattmeter  is  £1  2  1/2  I^ 
cos  {60°  -f-<^  )  or  omitting  the  sub-figures  for  the  line 
voltage  and  line  current,  the  expression  becomes  1/2 
E  I  cos  {60°  -\-<t>)  =  1/2  E  I  (cos  60°  cos4> — •  sin 
60°  sin  4)  )  =  1/2  E  I  (1/2  cos  4)—  1/2  |  ^sin4>  )  = 
1/4  E  I  (cos<t> —  I  y  sin4>  ).  I^,  representing  the  cur- 
rent which  flows  through  the  left  hand  wattmeter  is 
jo°  — </>  ahead  of  £l-  Therefore  the  power  measured 
by  the  left  hand  wattmeter  is  £l  1 3  cos  (50°  — <t>  )  or 
expressing  £l  and  I3  in  terms  of  line  voltage  and  line 


current  is  1/2  \    :<  E  I  cos  (jo° 


EI 


FIG.      57 — CONNECTION     TO 

SECL'RE     EQUAL     READINGS 

AT   ANY   POWER-FACTOR 


FIG.  58 — VECTOR  DIAGRAM, 
FOR  BALANCED  LOAD,  OF 
CIRCUIT  SHOWN  IN  FIG.  57 


>*  '=•2.- 

FIG.  59 — SINGLE-P  H  A  S  E 
LOAD  BETWEEN  LINES  1 
AND  2,  OF  CIRCmT  SHOWN 

IN   FIG.   57 


FIG.      60 — SINGLE-P  H  A  S  E 

LO.\D     BETWEEN     LINES     2 

AND  3,  OF  CIRCUIT  SHOWN 

IN  FIG.   57 


FIG.      6l — SINGLE-P  H  A  S  E 

LOAD     BETWEEN     LINES     3 

AND  I,  OF  CIRCUIT  SHOWN 

IN  FIG.   57 


direction  assumed  for  the  meter  coils,  but  this  current 
is  I20°  -|-  0out  of  phase  with  E^  ^  and  the  power  com- 
ponent in  phase  with  E-^  „  is  that  obtained  by  projecting 
—  1/2  h  on  the  line  of  the  voltage  vector  E^  ^,  and  this 
component  being  in  the  same  direction  as  E^  ^  gives  a 
positive  reading  in  the  meter.  Therefore  the  power 
measured  by  the  right  hand  wattmeter  is  E^  ^  1/2  /„  cos 
{60°  — </>  )  or  expressed  in  terms  of  the  line  voltage 
E  and  line  current  /  is  1/2  E  I  cos  (60°  — 4>  )  =  1/2 
E  I  (cos  60°  cos4>  -j-  sin  60°  sin4>  )  =  1/2  E  I  (1/2 
cos'f)  -{-  1/2  ]  J'sin4>  )  ^  1/4  E  I  (cos4> -\-  y/sin<py 
I3,  representing  the  current  which  flows  through  the 
left  hand  wattmeter,  is  50°  -f  4>  behind  £l,  and  the 
power  measured  by  this  meter  is  £l  1 3  cos  (50°  -|-  "^  )■ 
£l  is  equal  to  1/2  ^  y  E  where  £  is  the  three-phase 
line  voltage,  and  /,  is  the  line  current  and  may  be  re- 
presented by  I,  and  using  these  values  for  £l  and  I3 
the  expression  for  power  becomes  1/2  )  yE  I  cos  (jo° 
-|-0  )  ^  1/2  \  y  E  I  (cos  j?o°  cos<i>  —  sin  30°  sin<t>  ) 
:=  1/2  1  J  £  /  (1/2  I  y  cos  4>  —  1/2  sin4>  )  =  1/4 
E  I  (^  cos4>  —  )    ,-   sin  4>).     The  sum  of  the  two  meter 


(cos  50°  cos't>-\-  sin  jo°  sin4>)  =  1/2  |  yE  I  (1/2 
■\/ycos4>  -J-  1/2  sin4>  )  =  1/4  E  I  (j  cos4>  +  1  ysin 
4)  ).  The  sum  of  the  two  meter  readings  is  1/4  E  I 
(cos4>  —  1-  y  sin4>  -j-  j  cos't>  -\-  ]  y  sin  4>)  =  E  I  cos 
'P  which  is  correct  for  the  single-phase  circuit. 

It  can  be  seen  from  the  vector  diagrams  in  Figs. 
60  and  61  that  for  unbalanced  loads,  one  wattmeter 
reading  may  become  negative,  for  in  Fig.  60,  if  the 
angle  of  lag  is  greater  than  60  degrees,  the  reading  of 
the  left-hand  wattmeter  is  negative  and  in  Fig.  61  if 
the  angle  of  lag  is  greater  than  30  degrees,  the  reading 
of  the  right-hand  wattmeter  is  negative.  Therefore  it 
is  necessary  in  all  cases  of  unbalanced  load  to  take  the 
algebraic  sum  of  the  two  meter  readings  to  get  the 
correct  power.  If  the  current  leads  instead  of  lags,  a 
similar  process  of  reasoning  for  the  various  cases  will 
show  that  the  final  results  obtained  will  be  the  same. 


CORRECTION 
In  the  Journal  for  March,  1920,  p.  102,  last  line  above  Fig. 
.SO,  (.30°  -|--  <A)  should  have  been  (30°  —  (/>). 
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Ivan  Stewart  Forde 

Manager,  Small  Turbine  Div., 

Wcstinghouse  Electric  &  Mfg.  Company 


ALTHOUGH  small  steam  turbines  have  been  in 
successful  commercial  use  for  at  least  ten  years, 
they  have,  so  far  as  the  layman  was  concerned, 
remained  a  mystery.  People  felt  that  they  were  some- 
thing to  conjure  with;  apparatus  that  would  deliver 
power  the  same  as  a  steam  engine,  but  in  a  different 
manner.  It  remained  for  the  Great  War  to  give  the 
small  turbine  the  pre-eminence  and  impetus  it  so  justly 
deserved,  and  from  now  on  this  class  of  apparatus  will 
continue  to  grow  in  popularity  as  its  fundamental  prin- 
ciples become  better  understood. 

Some  manufacturers  entered  the  steam  turbine 
field  by  ^.rst  manufacturing  relatively  large  units,  and 
because  of  economic  necessity  entered  the  small  tur- 
bine work  also,  while  others  began  with  the  building  of 
small  turbines  and  gradually  increased  their  sphere  of 


FIG.    I — PRI-NCll'LES  OF  DESIGN   OF   SMALL  WESTINGHOUSE 
STEAM    TDRBINES 

influence.  The  net  result,  however,  has  been  the  same. 
Both  classes,  looking  somewhat  into  the  future,  have 
seen  the  desirability  of  maintaining  their  prestige  in  the 
building  of  small  turbines,  and  are  today  manufactur- 
ing more  of  them  than  they  did  during  the  war  when, 
for  a  period  of  two  years,  the  production  of  several 
plants  was  devoted  almost  exclusively  to  Government 
requirements. 

Even  though  the  public  was  unable  to  purchase 
turbines  during  this  period,  the  result,  to  a  great  extent, 
was  good  for  both  the  steam  turbine  industry  as  a 
whole  and  the  users  of  this  apparatus,  for  the  reason 
that  the  turbine  builders  were  enabled  to  manufacture 
large  numbers  of  standard  turbines  for  various  Govern- 
mental requirements,  thus  permitting  quantity  produc- 
tion, and  the  distribution  of  large  numbers  of  turbines 
for  marine  propulsion,  electric  generating  units  and  for 
driving  centrifugal   pumps  and  blowers,  both   on  land 


and  sea.  The  wide  distribution  of  this  apparatus,  has 
educated  the  public  in  steam  turbine  practice;  not  only 
fundamental  principles, ,  but  variations  in  the  designs 
of  different  types. 

The  small  turbine  is  appreciated  for  its  simplicity 
and  ability  to  operate  for  long  periods  of  time  without 
either  shut-downs  or  repairs.  And  when  one  stops  to 
consider,  a  small  turbine  is  scarcely  more  complicated 
mechanically  than  an  electric  motor.  For  example, 
take  the  single  wheel  type  making  use  of  the  re-entry 
principle,  in  which  steam  is  directed  on  to  the  blades 
two  or  more  times. 

There  is  a  single  revolving  element  mounted  be- 
tween two  bearings,  and  carrying  a  single  row  of  blades. 
A  nozzle  or  nozzles  expand  the  steam  and  convert  it 


B/!3fiirT  lmf^o3e-/fjeift&s 


FIG.    2 — SMALL  TURBI.^IE  WITH   COVER  REMOVED 

Showing  all  interior  parts. 

from  pressure  into  velocity  as  it  enters  the  blades.  The 
resultant  effort  is  work,  obtained  from  a  stationary  and 
a  moving  element.  The  steam  turbine  has  a  governor 
for  controlling  the  speed,  and  an  inlet  valve  under 
governor  control  for  the  admission  of  steam.  Except 
for  differing  details  of  design,  all  small  turbines  are 
similar;  )xt  it  is  on  these  relatively  small,  though  very 
important  details,  that  a  dozen  builders  of  small  tur- 
bines are  engaging  the  interest  of  both  purchasers  and 
the  engineering  profession.  Despite  the  fact  that  these 
builders  have  been  engaged  in  the  manufacture  of  small 
turbines  for  ten  years,  the  statement  is  made  here  in  all 
seriousness  that  this  work  is  just  beginning.  "Time 
was"  when  the  manufacturer  built  one  design  of  .small 
turbine,  and  that  turbine  sufficed  for  all  needs  me- 
chanical and  electrical.  That  was  when  the  demand 
was  limited,  and  occasional   orders  were  received   for 
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exciters  and  turbine-driven  condenser  pumps.  Now, 
it  is  a  highly  specialized  industry  with  definite,  stand- 
ardized requirements,  and  manufacturers  have  seen  the 
need  of  building  steam  turbines  for  both  mechanical 
work  and  for  electric  generators,  each  with  differing 
though  exacting  requirements. 

To  a  certain  extent,  the  steam  turbine  for  non-elec- 
tric or  mechanical  drive  calls  for  a  more  rigid  specifica- 
tion than  does  the  steam  turbme  for  generator  work. 
This  is  obvious  when  it  is  considered  that  the  small 
turbine-driven  exciter  is  mounted  on  the  engine  room 
floor,  and  cared  for  in  as  much  detail  as  the  main  gen- 
erating units,  while  the  steam  turbines  driving  the  con- 
denser pumps,  boiler,  feed  pumps  and  draft  fans  often 
are  installed  in  inaccessible  corners  of  power  house 
basements.  They  are  often  neglected  because  they  are 
far  removed  from  the  engine  room  floor,  and  in  general 
are  not  given  the  same  care  and  attention  as  the  main 
apparatus. 


higher  than  150  pounds,  would  meet  the  above  speci- 
fication, with  the  added  requirements  of  being  able  to 
operate  satisfactorily  on  steam  pressures  as  high  as  325 
pounds  and  superheat  up  to  275  degrees.  Yet,  that  is 
the  requirement  of  the  small  turbine  of  today  and  to- 
morrow for  installation  in  large  central  stations  to  drive 
auxiliaries.  This  severe  specification  is  being  fulfilled 
by  small  turbines  designed  and  built  to  meet  situations 
of  this  kind,  with  finished  details,  equal  in  reliability 
to  the  large  units. 

Irrespective  of  whether  the  turbine  be  designed  for 
mechanical  or  electric  generator  drive,  the  principles  of 
design  are  identical,  inasmuch  they  are  both  of  the  ve- 
locity type,  making  use  of  the  re-entry  principle,  in 
which  design  the  turbine  depends  upon  the  velocity  of 
the  steam  for  turning  effort. 

The  revolving  element  of  this  turbine  is  a  single 
wheel,  the  periphery  of  which  is  hollowed  out  to  form 
a  groove,  into  which  a  single  row  of  blades  is  inserted. 


FU;.    3 — EXTKinOK    VIEW    OF    SMALL   TURBINE 

Showing  horizontally  split,  "heavy  duty"  casing,  center  support 
feature  and  simple  pipe  connections  for  water  seal  glands. 

The  builder  of  small  turbines  is  therefore  called 
upon  to  supply  a  mechanical  drive  turbine  answering 
very  much  the  following  specification: — 

"We  want  a  small  turbine  for  auxiliary  drive  that  can 
be  installed  in  a  corner  of  our  power  house  basement;  one 
that  can  stand  a  fair  amount  of  abuse  or  neglect.  It  must 
be  economical  because  we  need  only  a  limited  amount  of 
exhaust  steam  for  feed  water  heating.  It  must  be  capaolc 
of  developing  full  power  irrespective  of  whether  the  steam 
pressure  is  250  or  175  pounds. 

"Because  we  cannot  have  an  operator  always  in  attend- 
ance, it  must  be  provided  with  proper  bearings  with  such 
a  perfect  lubricating  system  that  it  will  not  be  necessary  to 
shut  down  to  rebabbit  the  bearings  from  time  to  time." 

"The  governor  must  be  strong  enough  to  stand  slight 
sticking  of  the  valve  or  valve  stem,  or  such  other  difficulties 
as  may  occur  in  the  ordinary  operation  of  a  turbine." 

"The  turbine  must  also  be  equipped  with  an  emergency 
overspeed  governor,  and  we  do  not  want  to  be  annoyed  by 
steam  leaking  into  the  room  from  the  interior  of  the  tur- 
bine. To  be  exact,  we  want  the  best  small  turbine  you 
know  how  to  build  for  the  very  exacting  service  required 
cf  it;  that  of  keeping  our  main  units  in  operation  through 
'he  constant  operation  of  condenser  and  boiler  feed  pumps.' 

One  would  hardly  expect  that  the  small  turbine  of 

the  past,   seldom  if  ever  operated  at   steam   pressures 


-REVOLVING    ELEMENT 


As  shown  in  Figs,  i  and  2,  steam  enters  through  a 
balanced  bronze  inlet  valve  into  an  expanding  nozzle, 
which  converts  the  pressure  in  the  steam  into  velocity, 
and  then  directs  it  onto  the  blades.  As  the  steam  passes 
through  these  blades,  it  enters  a  reversing  chamber  on 
the  opposite  side  of  the  wheel  to  the  nozzle,  and  is 
guided  back  on  to  the  blades  a  second  time,  when  addi- 
tional power  is  obtained.  As  the  steam  passes  through 
the  blades  the  first  time,  a  considerable  portion  of  the 
velocity  is  expended,  and  for  this  reason  the  reversing 
chamber  provides  for  this  steam  entering  a  greater 
r^umber  of  blades  in  this  second  action,  in  order  to 
compensate  for  the  reduced  velocity. 

As  the  paramount  consideration  in  small  turbine 
design  is  reliability,  the  turbine  manufacturer  expends 
much  effort  in  making  his  turbine  answer  this  require- 
inent.  Starting  out  on  the  premises  that  the  wheel  is 
properly  built,  the  single  wheel  type  offers  the  best 
possibilities  for  both  simplicity  and  reliability  for  it 
enables  the  manufacturer  to  eliminate  the  complications 
of  a  long  shaft,  diaphragms  and  packing  between 
wheels  or  stages  of  the  multistage  type. 
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The  turbine  casing  in  Fig.  3  is  what,  in  steam  engine 
parlance,  would  be  termed  the  "heavy  duty"  type,  since 
it  is  intended  for  continuous  service  at  maximum  cap- 
acity for  indefinite  periods.  The  reader  \vill  observe  a 
distinct  departure  from  standard  small  turbine  prac- 
tice, as  he  has  known  it.  Turbine  feet  are  eliminated, 
and  in  their  stead  the  turbine  casing  is  supported 
at  the  center  line  by  heavy  supports,  which  in 
turn  are  connected  at  the  bottom  to  form  a  bedplate. 
This  feature  represents  the  turning  point  in  small 
turbine  practice,  and  is  the  one  outstanding  de- 
velopment that  has  been  offered  in  recent  years 
for  the  betterment  of  the  small  turbine.  This  center 
support  construction  is  copied  from  large  turbine 
practice  which  has  been  uniformly  successful  in  oper- 
ation for  rnany  years,  and  cannot  in  any  sense  of  the 
word  be  termed  an  experiment.  The  advantage  of  the 
center  support  feature  is  that  the  turbine  casing  is  free 
to  expand  in  all  directions  without  in  any  way  disturb- 


\ 


FIG.    5— ASSFJrP.I.KI)   VIEW   OF   A    SMALL  TURBINE 

ing  the  alignment  of  the  turbine  and  driven  shafts. 
When  the  turbine  is  provided  with  feet,  and  these  feet 
are  bolted  down  solidly  to  a  pump  bedplate,  it  is  ob- 
vious that  they  will  not  permit  the  turbine  casing  to 
expand  in  any  but  an  upward  direction,  consequently 
throwing  the  turbine  out  of  line  with  the  driven  shaft. 

This  mis-alignment  was,  in  a  measure,  corrected 
in  the  past  by  some  form  of  flexible  coupling,  and  allow- 
ing for  the  turbine  expansion  in  lining  up  the  two  shafts. 
For  relatively  low  steam  pressures,  and  consequently 
small  expansion  of  the  turbine  casing,  the  flexible 
coupling  sufficed,  but  where  the  two  coupling  halves 
were  not  a  good  fit  and  the  exact  amount  of  expansion 
was  miscalculated,  mis-alignment  occurred  even  in  the 
low  or  moderate  pressure  installations,  and  took  the 
form  of  chronic  bearing,  packing  and  governor  troubles. 
These  troubles  became  very  aggravated  as  the  steam 
temperatures  increased  and  as  superheat  was  employed. 
The  center  support  feature  permits  unlimited  expansion 


in  all  directions,  regardless  of  maximum  steam  condi- 
tions and  enables  the  flexible  coupling  to  perform  the 
work  it  was  originally  intended  for,  namely,  allow  for 
axial  or  horizonal  movement.  Of  the  large  number  of 
these  turbines  now  in  service  with  this  center  support 
feature,  not  a  single  case  of  mis-alignment  trouble  has 
occurred. 

The  rotor  is  a  steel  forging,  with  a  materially  in- 
creased section  at  the  center  or  hub,  in  order  to  make 
the  stress  as  uniform  as  possible  when  rotating.  The 
shaft  is  also  a  steel  forging,  and  as  shown  in  Fig.  4,  is 
uniform  in  dimensions.  The  rotor  is  forced  onto  the 
shaft  with  a  taper  fit,  under  heavy  hydraulic  pressure, 
thus  assuring  a  positive  fit. 

The  blades  are  of  a  special  composition,  known  as 
electric  furnace  nickel  steel.  Actually,  this  metal  con- 
sists of  iron  smelted  in  an  electric  furnace  in  order  to 
get  a  pure  and  high  grade  iron,  to  which  is  added  a 
high  percentage  of  nickel,  thus  increasing  its  tensile 
strength  and  making  it  better  able  to  withstand  erosion. 
This  ability  to  withstand  erosion  is  of  course,  a  most 


FIG.   6 — VIEW    OF    STEAM    TURBIXE    AND    REDUCTION    GEAR 

Showing  the  heavy  bedplate,  center  support  features  and 
forced  lubrication. 

important  characteristic  of  blading  material.  It  is  par- 
ticularly important  in  view  of  the  ever-increasing  num- 
ber of  stations  operated  under  high  temperature  steam, 
and  this  sp)ecial  metal  assures  long  blades  a  life  under 
severe  conditions.  The  ordinary  riveted  shroud  is  dis- 
pensed with,  and  each  blade  is  shaped  in  such  a  manner 
that  the  tips  of  the  blades  themselves  form  a  shroud,  so 
that  when  all  of  the  blades  are  inserted  a  perfect  band 
01  shroud  is  formed. 

The  turbine  manufacturer  must  give  special  at- 
tention to  the  design  of  small  parts,  such  as  the  bear- 
ings, glands,  governor,  inlet  valve  and  emergency  over- 
speed  governor;  for,  reg'ardless  of  how  well  built  the 
casing,  rotor  and  shaft  may  be,  if  the  small  parts  give 
tiouble,  the  turbine  cannot  be  considered  satisfactory. 
The  operator  wants  his  auxiliary  troubles  to  be  few  and 
far  between ;  he  wants  continuous  operation,  because 
the  main  units  in  the  station  are  dependent  upon 
the  auxiliary  turbines.     Therefore,  in  selecting  a  tur- 
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bine  for  this  work,  those  features  so  necessary-  for  con- 
tinuous operation,  should  be  carefully  investigated. 

A  steam  engine  has  its  stuffing  box,  and  the  steam 
turbine  its  glands.  Sometimes  these  glands  are  called 
shaft  packing  or  shaft  seals.  It  is  obvious  that,  where 
the  shaft  extends  outside  the  casing  at  either  end,  it  is 
impossible  to  have  the  casing  and  shaft  fit  in  such  a 
manner  that  there  will  be  no  leakage  of  steam  past  the 
shaft  into  the  engine  room,  because  of  a  greater  pres- 
sure in  the  interior  of  the  turbine  than  on  the  outside. 
The  shaft  and  casing  at  this  point  must  therefore  be 
sealed  or  packed  so  that  steam  will  not  escape.  Several 
forms  of  packing  are  used  to  accomplish  this  purpose. 

The  type  of  gland  used  for  sealing  purposes  in  the 
turbines  illustrated,  is  the  essence  of  simplicity,  since  it 
consists  of  a  bronze  centrifugal  runner  fitted  to  the 
turbine  shaft.  This  gland,  revolving  in  water  at  tur- 
bine speed  (fitted  in  a  gland  case  at  either  end  of  the 
turbine  casing)  builds  up  a  water  wall  so  solidly  that 
it  acts  as  a  perfect  seal  both  against  high  back  pressures 
and  high  vacuum.  The  water  seal  gland  has  no  rub- 
bing contact,  and  therefore  shaft  packing  maintenance 
is  not  only  eliminated,  but  the  greater  annoyance  and 
inconvenience  of  shut  downs  for  replacing  shaft  pack- 
ing is  also  dispensed  with. 

The  bearings  have  also  been  given  special  con- 
sideration. They  are  far  removed  from  the  turbine 
casing,  thus  permitting  them  to  remain  cool  regardless 
of  the  temperature  in  the  interior  of  turbine  casing. 
Each  bearing  is  provided  with  a  large  oil  reservoir  with 
a  very  substantial  single  oil  ring.  The  governor  is  of 
the  shaft  type,  very  powerful,  and  by  means  of  a  non- 
binding  governor  lever  works  directly  onto  a  bronze, 
balanced,  steam  inlet  valve. 

Because  these  auxilian'  turbines  are  often  installed 
in  inaccessible  places,  there  is  the  natural  tend- 
ency to  "let  well  enough  alone",  so  long  as  the  turbine 
operates.  Therefore,  in  order  to  make  them  100  per- 
cent reliable  and  fool-proof,  each  turbine,  regardless  of 
whether  the  capacity  is  10  or  500  horse-power,  is 
equipped  with  an  emergency  overspeed  governor,  which 
will  instantly  shut  ofif  the  steam  should  it  show  a  dis- 


position to  overspeed.  Often,  this  overspeeding  will 
take  place  through  no  fault  of  the  turbine,  such  as  a 
pump  losing  its  water  and  speeding  up  far  beyond  the 
range  of  any  governor  control,  in  which  event  the 
emergency  overspeed  governor  comes  into  action  and 
closes  the  steam  valve. 

Small  turbines  have  now  gone  through  the  develop- 
ment stage,  as  is  evident  from  the  many  common 
sense  features  incorporated  in  their  design.  Note  the 
modern  construction: — a  heavy  cast-iron  casing,  hori- 
zontally split  for  easy  inspection,  and  supported  at  the 
center  line;  a  forged  steel  rotor  with  electric  furnace 
nickel  steel  blades ;  a  bronze  nozzle  and  reverser  proper- 
ly dimensioned  by'  hand  for  accuracy;  water  seal- 
glands;  a  powerful  governor;  an  emergency  overspeed 
governor;  properly  designed  bearings;  a  balanced  inlet 
valve  made  of  bronze ; — all  these  things  make  for  re- 
liability. Added  to  these  features  is  the  fact  that  tur- 
bines can  be  equipped  with  two  nozzles,  one  for  high 
pressure  and  the  other  for  low  pressure. 

Turbines  adapt  themselves  very  readily  to  all  forms 
of  driven  apparatus.  They  can  be  direct  connected  to 
boiler  feed  pumps,  for  instance,  by  the  center  support 
connecting  piece  resting  directly  on  the  base  of  the 
pump  bedplate ;  the  two  shafts  then  being  lined  up  by 
means  of  the  usual  coupling.  Where  space  is  an  im- 
portant consideration,  the  pump  bedplate  can  be  ma- 
terially shortened  by  bolting  directly  to  the  center  sup- 
port bedplate.  In  the  case  of  geared  units,  a  continuous 
box  type  bedplate  is  provided,  the  front  part  of  the 
bedplate  being  cast  to  form  the  two  center  supports  for 
the  turbine.  This  bedplate  can  then  be  bolted  to  the 
pump  bedplate  if  desired.  When  a  turbine  and  gear 
are  connected  together,  the  inboard  bearing  on  the  tur- 
bine is  omitted  and  the  turbine  and  pinion  shafts  are 
bolted  solidly  together,  thus  giving  to  all  intents  and 
purposes  a  single  revolving  element  of  turbine  and  gear. 
A  forced  feed  geared  oil  pump  is  provided  on  each 
gear,  so  that  when  furnished  in  connection  with  one  of 
these  turbines,  both  the  gear  and  turbine  are  provided 
with  forced  lubrication. 


Tho  StOi'y  of  the  hisiilnclons 


IN  THE.  CHAIN  of  apparatus  and  devices  which 
connect  the  ultimate  consumer  of  electric  current 
to  the  prime  mover  which  furnishes  the  power  to 
produce  this  current,  there  is  no  weaker  link  than  the 
insulations  employed.  When  the  voltages  used  were  a 
few  hundred  at  most,  the  function  of  the  insulation 
Vv-as  mainly  mechanical  separation.  With  the  increas- 
ing voltages  and  increasing  complexity  and  magnitude 
cf  our  systems  of  generation  and  distribution  of  electric 
current,  the  question  of  satisfactory  insulations  becomes 
ore  of  paramount  importance.  It  may  be  useful,  there- 
fore, to  review  the  history  of  some  of  the  more  common 


Skin  n  kr 
insulations  in  use  and  consider  why  some  have  survi\ed 
and  some  have  failed.     The  four  main  constituent  parts 
cf  electrical  machinery  are: — 

Conducting   material    (copper) 

Magnetic  material    (iron) 

Structural    material    (iron,    etc.,) 

Insulating   material. 

The  copper,  iron  and  structural  materials  comprise 
but  a  few  varieties  and  their  characteristics  are  rela- 
tively well  known.  Insulating  material  comprises  an 
enormous  variety  and  there  is  no  material  available 
which  even  approaches  a  satisfactory  ideal  and  the  sub- 
ject, therefore,  becomes  a  very  complicated  one. 
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The  writer  has  always  taken  delight  in  tine  me- 
chanisms and  accurate  instruments  and  it  was,  there- 
fore, with  a  great  deal  of  reluctance  that  he  undertook, 
nearly  thirty  years  ago,  a  systematic  attempt  to  provide 
insulation  specifications  for  the  apparatus  manufactured 
by  his  company.  He  considered  that  he  had  been  given 
a  job  where  the  main  work  was  that  of  wrapping  a 
more  or  less  indefinite  bunch  of  wires  with  rags  and 
paper,  and  then  doping  them  with  messy  varnish;  and 
where  it  was  impossible  to  do  anything  approaching  fine 
machine  or  instrument  work.  The  work  was  under- 
taken with  the  understanding  that  at  the  end  of  a  year 
a  change  could  be  made,  if  desired,  to  something  more 
congenial.  It  was  soon  found,  however,  that  the  sub- 
ject was  one  of  tremendous  importance  and  of  great 
interest ;  no  change  was  requested  at  the  end  of  a  year 
and  the  writer  has,  to  use  a  university  term,  "majored" 
in  this  subject  ever  since. 

In  the  beginning,  (and  by  the  "beginning"  is  meant 
in  1890  or  1891)  there  were  practically  no  factories  de- 
voted to  the  business  of  manufacturing  insulation  as 
such.  Now,  the  manufacture  of  insulation,  as  a  business, 
involves  the  turning  out  of  products  worth  many 
trillions  of  dollars  yearly.  Then,  there  was  little  or 
nothing  known  as  to  ways  or  means  of  studying  the 
characteristics  of  insulation  and  fewer  tools  and  instru- 
ments for  carrying  on  such  studies.  Now,  while  we  are 
just  beginning  to  carry  on  this  work  with  some  degree 
of  satisfaction,  we  have  many  tools,  instruments  and 
methods  wholly  unknown  25  or  30  years  ago,  which 
should  in  time  give  us  real  knowledge  of  a  subject  of 
vast  importance  to  all  concerned. 

The  present  great  advance  in  electrical  develop- 
ment, resulting  in  our  present  systems  of  production, 
distribution  and  utilization  of  electric  current,  had  its 
real  beginning  in  the  late  80's  and  the  early  90's.  At 
that  time,  the  most  satisfactory  instruments  for  measur- 
ing alternating-current  and  alternating  voltage  were 
the  electrodynamometer  and  the  hot  wire  (or  Cardew) 
voltmeter.  Similarly,  devices  for  studying  the  charac- 
teristics of  insulation  were  the  magneto  for  "ringing 
out"  and  the  high  resistance  galvanometer  for  measur- 
ing insulation  resistance.  During  his  engineering 
C(urse  in  the  University  the  writer  never  heard  the 
terms  "breakdown  strength"  or  "dielectric  strength"  of 
irsulation.  Curiously  enough,  the  characteristic  known 
as  "insulation  resistance",  then  looked  upon  as  the  most 
satisfactory  criterion  of  the  quality  of  insulation,  is  now 
one  of  the  least  used,  the  most  variable  and  perhaps  the 
least  understood,  although  still  of  value  in  many  cases 
ir  assisting  in  the  final  judgment  as  to  the  characteris- 
tics of  an  insulating  material. 

As  already  indicated,  insulating  materials  and  in- 
sulations were  then  looked  upon  as  incidental  and  neces- 
sary evils  rather  than  as  a  main  division  of  the  engineer- 
ing work  in  the  design  of  electrical  apparatus.  Tilnst 
of  the  insulating  materials  used  in  the  manufacture  of 
electrical  apparatus  were  manufactured  for  other  pur- 
poses  and   merely   adapted   to   electrical    uses   as   they 


happened  to  apply.  \'arnish  manufactured  for  other 
purposes  was  used  for  saturating  the  coating  of  the 
papers  and  cloths  used  for  insulating  purposes.  Tapes 
originally  intended  for  the  millinery  and  dress  goods 
trade  were  our  insulating  tapes.  On  one  occasion 
samples  of  practically  all  the  various  types  of  fabrics 
obtainable  from  a  large  department  store  were  tested  for 
their  adaptability  as  insulation. 

The  writer  does  not  know  who  originated  the  idea 
of  testing  insulation  for  dielectric  strength  by  means  of 
an  alternating  voltage  gradually  increased  to  a  sufficient 
amount  to  puncture  the  insulation  under  test.  Appar- 
atus suitable  for  making  dielectric  tests  was  devised  by 
Mr.  C.  F.  Scott  and  the  writer,  and  an  elaborate  set  of 
experiments  undertaken  under  the  direction  of  Albert 
Schmid  in  the  early  part  of  1891.  This  work  included 
the  dielectric  testing  of  all  important  electrical  appar- 
atus then  being  manufactured  by  the  Company.  In 
those  early  days  there  was  practically  no  literature  on 
the  subject  and  every  device  used,  every  standard  of 
test  and  every  working  tool  had  to  be  designed  and  con- 
structed for  the  purpose. 

The  first  testing  outfit  consisted  of  a  battery  of  six 
1000  volt  transformers  having  their  high  tension  wind- 
ings in  series  and  their  low  tension  windings  in  multiple. 
By  bringing  out  loops  from  one  of  the  transformers, 
steps  of  a  few  hundred  volts  over  the  whole  range  up 
t-<  6000  volts  could  be  obtained.  With  this  device, 
much  preliminary  data  was  obtained  and  a  great  many 
armatures  and  other  devices  were  "blown  up",  much 
to  the  disgust  of  the  foremen,  workmen  and  manage- 
ment, especially  as  it  affected  promised  deliveries.  On 
railway  motor  armatures,  the  original  test  was  started 
at  750  volts  on  500  volt  motors  and  the  old  records 
show  that  approximately  25  percent  of  the  armatures 
tested  broke  down.  These  breakdowns  were  due  tu  the 
fiiCt  that  the  insulating  cells  were  neither  overlapped 
nor  sealed,  nor  extended  hardly  at  all  beyond  the  ends 
of  the  iron  core.  When  the  cause  of  the  trouble  was 
understood,  the  cure  was  simple.  Is  it  any  wonder 
that  the  operating  man  felt  that  he,  too,  had  his  troubles 
in  those  days;  when  his  armatures  could  not  have  been 
guaranteed  to  withstand  more  than  750  volts  and  when 
the  lightning  arrester  designer  complained  bitterly  that 
the  armatures  were  better  lightning  arresters  than  he 
could  produce,  even  if  they  would  stand  only  one  shock. 
At  the  present  time,  a  fatality  of  one  percent  break- 
downs in  the  testing  of  railway  motor  armatures  at 
3000  to  5000  volts  is  considered  an  epidemic  to  be  looked 
after  and  remedied  instantly.  This  early  testing 
work  resulted  in  an  exceedingly  rapid  betterment  of  in- 
sulated structures  and  in  a  better  knowledge  of  insulat- 
ing materials.  As  time  went  on  there  was  a  tendency 
tn  increase  the  testing  voltage  and  along  with  this  in- 
creased test  there  was  a  constant  decrease  in  the  per- 
centage of  breakdowns  which  occurred  in  the  finished 
apparatus. 

There  was  great  uncertainty  as  to  what  should  con- 
stitute a  dielectric  test  satisfactorv  both  to  the  manufac- 
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turer  and  the  user  of  apparatus,  although  as  a  matter 
of  fact  the  user,  knowing  little  or  nothing  of  dielectric 
tests,  was  rarely  a  party  to  the  controversy  which  was 
waged  between  those  responsible  for  the  tests  and  those 
responsible  for  the  delivery  of  the  apparatus.  The  tests 
w  ere  mainly  made  by  the  manufacturer  for  his  own  in- 
formation and  protection,  and  for  the  express  purpose 
of  bettering  his  product.  Gradually,  after  nearly  fif- 
teen years,  certain  definite  standards  crystallized  out  of 
this  type  of  testing  and  it  became  recognized  that  a  di- 
electric test  at  too  high  a  voltage  might  be  worse  than 
no  test  at  all.  The  testing  voltages  finally  adopted  were 
the  result  of  the  evolution  of  many  years  of  trial  with 
continuous  attempts  to  better  the  performance  of  the 
jipparatus  which  was  being  put  on  the  market.  This 
early  work  was  carried  on  almost  altogether  by  the 
manufacturer  so  that  the  expense  and  trouble,  result- 
mg  from  increasing  dielectric  tests,  breakdowns  of  the 
apparatus  by  over-zealous  testers  and  the  increasing  cost 
of  building  the  apparatus  to  meet  the  more  drastic  re- 
quirements, fell  primarily  on  the  manufacturer. 

In  the  early  days  of  the  Standardization  Rules  of 
the  American  Institute  of  Electrical  Engineers,  a  study 
of  the  miscellaneous  standards  then  existing  for  dielec- 
tric tests  showed  that  a  standard  of  double  the  normal 
voltage  of  the  apparatus  plus  1000  volts  satisfied  the 
major  part  of  the  standards.  This  test  was,  therefore, 
selected  as  the  general  standard  and  both  the  experi- 
ence leading  up  to  this  standard  and  its  satisfactory  ap- 
plication later  justifies  the  belief  that  it  is  the  right  test 
for  general  use.  Certain  specific  exceptions  from  this 
test  are  allowed,  but  it  is  recognized  as  the  standard 
for  perhaps  95  percent  of  all  dielectric  tests  made  on 
finished  apparatus.  It  is  recognized  not  only  as  a  na- 
tional standard  but  has  come  into  international  use,  so 
that  it  is  now  generally  accepted  as  standard  through- 
out the  world,  by  both  producers  and  users  of  electrical 
apparatus. 

The  recognition  of  the  influence  of  time  of  appli- 
cation, frequency  and  wave  shape  of  the  current  used, 
and  the  temperature  of  the  insulation  had  gradually  be- 
come established  during  the  years  leading  up  to  the 
standardization  above  referred  to  and  as  a  consequence 
the  A.  I.  E.  E.  standards  specify  the  time  of  applica- 
tion, frequency  and  wave  shape  and  generally  the  Tem- 
perature at  which  tests  shall  be  made. 

INSULATING  VARNISH 

One  of  the  earliest  needs  in  the  line  of  material 
suitably  adapted  to  the  insulation  of  electrical  apparatus 
v.'as  that  of  insulating  varnish.  On  strongly  urging  this 
need  to  his  superiors,  the  writer  was  given  a  letter  of 
introduction  to  a  young  chemist,  who  was  trying  to 
establish  himself  in  the  coach  varnish  business,  with 
"carte  blanche"  to  work  with  him  with  a  view  of  de- 
veloping a  suitable  insulating  varnish.  For  approxi- 
mately two  years,  trial  after  trial  and  test  after  test 
were  made,  the  chemist  furnishing  the  samples  of  var- 
nish and  the  speaker  doing  the  testing  work.     Finally 


a  varnish  was  produced  which  was  adjudged  suitable 
for  general  use.  The  fundamental  requirements  as  set 
for  this  varnish  were: — 

That  it  should      be    moisture    resisting. 
That  it  should  have    high    insulating    value. 
That  it  should  be    insoluble    in    lubricating    or    trans- 
former oil. 

That  it  should  give   a   good   finish,    i.    e.,   suitable    for 
either  dipping  or  applying  by  a  brush. 

The  varnish  finally  adopted  was  a  baking  varnish 
with  what  is  known  as  a  linseed  oil  base  and  a  benzine 
thinner.  The  success  of  the  work  can  be  judged  by  the 
fiict  that  this  varnish  for  many  years  was  the  standard 
with  many  manufacturers  and  users,  and  was  largely 
used  throughout  both  this  country  and  Europe. 

For  nearly  30  years,  the  man  who  started  out  to 
produce  coach  varnishes  has  headed  the  pioneer  firm  de- 
voted exclusively  to  the  production  of  insulating  var- 
nishes. Many  others  have  arisen  and  many  improve- 
ments have  been  made  but,  in  general,  the  type  of  var- 
nish for  insulating  purposes  has  been  but  little  changed 
to  this  time.  Many  attempts  have  been  made  to  produce 
an  air-drying  varnish  that  would  be  equally  satisfactory, 
everything  considered,  as  the  baking  varnishes  origmally 
adopted  and  since  generally  used.  So  far  these  at- 
temps  have  not  been  more  than  moderately  successful. 

MICA 

The  story  of  inica  is  of  great  interest  due  to  the 
fact  that  for  some  purposes  mica  is  an  ideal  insulation 
and  due  to  the  constantly  decreased  sizes  of  mica  avail- 
able as  the  use  has  grown.  In  the  early  days  of  the 
so-called  high  voltage  generator  (i.  e.,  alternators  giv- 
ing 1000  to  1200  volts),  it  was  not  uncommon  to  use 
sheets  of  pure  mica  10  to  12  inches  square  and  com- 
mutator segments  were  regularly  punched  from  large 
sheets.  The  available  supply  has  been  so  reduced  that 
such  sheets  are  now  looked  upon  as  curiosities,  while 
the  use  of  mica  has  grown  many  hundred-fold.  Taking 
into  account  the  present  day  designs  of  electrical  ina- 
chinery  and  the  characteristics  desired  in  the  mica  used, 
the  built-up  mica  of  today  made  from  small  pieces  is 
much  more  satisfactory  on  the  whole  than  the  large 
r::ica  available  25  years  ago.  On  one  occasion  a  whole 
Ime  of  railway  motors  had  to  have  their  commutators 
completely  rebuilt,  although  the  finest  mica  available 
was  used  between  the  commutator  segments,  this  being 
an  amber  mica  punched  from  large  sheets.  The  diffi- 
culty was  that  the  mica  so  built  up  was  so  hard  that 
the  copper  wore  down  faster  than  the  mica,  leaving  pro- 
jecting mica  which  kept  the  brush  above  the  copper, 
resulting  in  a  blackened  and  ruined  commutator.  The 
difficulty  in  this  particular  case  was  overcome  by  s^ilit- 
ting  the  mica  into  very  thin  sheets,  not  over  o.ooi  or 
n  002  inches,  and  building  it  up  to  the  proper  thickness. 

The  mica  now  available  would  have  been  con- 
sidered unusable  25  years  ago.  On  account  of  the 
constantly  reduced  size,  machine  methods  have  had  to 
be  developed  for  building  mica  which,  fortunately,  have 
brought  the  desired  result,  even  under  the  otherwise 
.-ulverse    conditions.     Mica,    like    other    insulating   ma- 
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terials,  is  a  good  heat  insulator,  particularly  when  split 
very  thin  and  built  up  with  no  bond.  Together  with 
asbestos,  however,  it  provides  the  only  real  heat-proof 
insulation  available  at  the  present  time.  By  "heat- 
proof" is  meant  insulation  which  will  withstand  tem- 
peratures well  above  the  boiling  point  of  water.  The 
Niagara  Falls  generators  installed  in  1894  or  1895,  in- 
sulated with  mica,  are  perhaps  the  best  examples  ex- 
tant of  insulating  structures  running  at  high  tempera- 
tures over  a  long  period,  although  designed  to  operate 
a'  moderate  temperatures.  It  has  been  found  in  the 
last  few  years  that  these  machines  have  run  for  long 
periods  of  time  at  actual  temperatures  at  the  hottest  spot 
of  200  degrees  C.  Mica  will,  therefore,  undoubtedly 
continue  as  the  material  par  excellence  for  commutator 
work  and  for  insulating  windings  where  such  high  tem- 
peratures prevail. 

TRANSFORMER   OIL 

One  of  the  most  interesting  developments  in  insu- 
lation has  been  that  of  transformer  oil.  When  the 
Pomona  10  000  volt  transmission  was  decided  upon,  in 
the  latter  part  of  1891,  it  became  necessary  to  investi- 
gate the  subject  of  oils  suitable  for  transformer  insula- 
tion. A  long  series  of  tests  was  made  and  practically 
every  type  of  oil  then  available  in  quantity — animal, 
vegetable  and  mineral — was  tried  out.  Judgment  was 
formed  mainly  on  the  result  of  the  new  dielectric  test 
which  had  recently  been  largely  adopted  for  the  judging 
of  other  insulating  materials.  Special  testing  devices 
suitable  for  the  testing  of  oil  had  to  be  devised  and  the 
increased  voltages  required  to  get  satisfactory  tests 
made  it  necessary  greatly  to  extend  the  range  of  the 
testing  apparatus  hitherto  available. 

Early  in  the  tests  in  connection  with  the  Pomona 
transformers,  it  was  decided  that  mineral  oils  would 
probably  be  the  most  satisfactory,  both  on  account  of 
their  availability,  cheapness  and  their  superior  insulat- 
ing qualities.  Special  attention  was,  therefore,  devoted 
to  mineral  oils  and  tests  were  made  covering  every 
available  class  from  the  heaviest  cylinder  oils  to  the 
benzines.  The  final  selection  for  the  Pomona  plant  was 
that  of  a  commercial  grade  of  oil  known  as  "Diamond 
Paraffine".  Later  developments  indicated  the  de- 
sirability of  using  a  somewhat  lighter  oil  and  a  commer- 
cial grade  of  heavy  burning  oil  known  as  300  degrees 
Mineral  Seal  was  adopted.  About  this  time  the  Under- 
v.'riting  interests  became  alarmed  at  the  use  of  an  oil 
having  so  low  a  flash  test,  particularly  in  view  of  the 
type  of  containers  used  for  transformers,  and  the  type 
of  transformer  station  construction  then  in  use.  A 
further  investigation  led  to  the  adoption  of  a  S])ecifica- 
tion  for  transformer  oil  requiring  transformer  oil  to 
h.ave  a  much  higher  flash  test  than  the  Mineral  Seal  and 
tc  be  obtained  by  fractional  distillation  of  crude 
petroleum  without  subsequent  chemical  treatment. 
Coincident  with  this  development,  transformers  of 
larger  size  and  the  scheme  of  water-cooling  of  trans- 
formers came  into  use. 


Trouble  soon  developed  in  liansformers  using  this 
heavier  oil,  due  to  the  formation  of  a  deposit  v/hich 
clogged  up  the  cooling  passages  in  the  transformer  and 
which  settled  on  the  cold  parts  of  the  transformer  case 
and  particularly  on  the  cooling  coils.  This  deposit, 
vvhile  equally  as  good  an  insulator  as  the  oil  itself, 
seriously  interfered  with  the  coolmg  of  the  transformer, 
and  numerous  burnouts  resulted.  This  led  to  a  further 
intensive  study  lasting  for  several  years  in  the  labora- 
tory and  in  the  field,  with  a  view  of  developing  an  oil 
which  would  have  the  high  flash  point  desired  by  the 
Underwriters,  the  high  insulating  quality  required  for 
transformer  work  and  which  would  be  free  from  sludg- 
ing. Such  an  oil  was  finally  developed  and  its  satisfac- 
toiy  character  has  been  demonstrated  by  its  use  to  the 
extent  of  many  millions  of  gallons. 

It  is  interesting  to  note  that  the  earlier  specification 
to  the  effect  that  transformer  oil  must  be  obtained  by 
fractional  distillation  without  further  chemical  treat- 
ment (the  object  of  this  specification  being  to  eliminate 
all  chemicals  from  the  oil)  had  to  be  changed  for  the 
new  oil,  for  although  it  is  not  known  definitely  just 
what  causes  sludging,  it  is  known  that  chemical  treat- 
ment to  remove  color  and  thorough  filtration  will  \ery 
greatly  reduce  sludging. 

Later  developments  brought  about  the  present  type 
of  transformer  case  and  the  present  type  of  transformer 
station,  so  that  the  danger  of  fire  from  the  lighter  oil 
has  been  very  largely,  if  not  entirely,  eliminated.  Diffi- 
culty with  the  higher  flash  oils,  due  to  their  greater 
viscosity  and  consequently  their  poorer  cooling  char- 
acteristics, led  to  further  development,  resulting  in  the 
almost  universal  adoption  of  an  oil  for  transformer  in- 
sulation having  a  flash  point  considerably  below  *hose 
formerly  considered  necessary  en  account  of  the  fire 
hazard.  Such  an  oil  will  take  up  and  hold  less  mois- 
ture, has  in  general  a  higher  insulating  value  and  is  a 
much  better  cooling  medium  at  relatively  low  tempera- 
tures than  higher  flash  point  oil. 

It  should  be  observed,  however,  that  the  viscosity 
of  all  the  oils,  now  considered  within  the  range  satis- 
factory for  transformer  insulation,  is  approximately  the 
same  at  the  maximum  temperature  at  which  trans- 
formers are  supposed  to  operate.  Consequently,  there 
is  little  difference  in  the  rise  in  temperature  at  maxi- 
mum ambient  and  operating  temperatures  of  trans- 
formers using  lo\y  viscosity  or  high  viscosity  oil.  There 
n^ay  be,  however,  a  very  considerable  difference  at  low 
ambient  temperature  or  at  partial  loads  and  this  fact 
has  been  so  little  understood  by  operators  in  general 
that  transformers  tested  at  a  low  air  temperature  might 
be  rejected  on  account  of  exceeding  the  temperature 
rise  guaranteed. 

Many  attempts  have  been  made  to  secure  an  in- 
sulating liquid  which  would  not  be  combustible  and 
these  attempts  have  mainly  taken  the  form  of  the  pro- 
duction of  a  material  in  which  the  hydrogen  of  the 
hydrocarbon  has  been  replaced  by  chlorine  or  a  similar 
substance.     Tetrachloride    of    carbon    is     satisfactorv 


April,  1920 


THE  ELECTRIC  JOURNAL 


from  some  staildpo'iftts  as  an  insulating  liquid  to  re- 
place transformer  oil,  but  on  account  of  the  low  tem- 
perature at  which  it  boils  and  on  account  of  the  physi- 
ological efifect  of  the  vapor  on  operatives,  it  has  never 
made  much  headway  as  a  transformer  insulation.  The 
production  of  such  an  insulating  liquid  would  make  a 
ver)'  notable  advance  in  the  science  of  transformer 
engineering. 

MOLDED  INSULATION 

Molded  insulation,  while  of  relatively  less  impor- 
tance than  some  others  which  have  already  been  men- 
tioned, nevertheless  plays  a  very  important  part  in  the 
construction  of  electrical  apparatus.  By  molded  insula- 
tion is  here  meant  those  products  which  are  molded  into 
the  desired  form,  using  compounds  and  mixtures  un- 
<ler  pressure  and  usually  with  heat.  They  are  of  three 
general  classes : — 

I — Those  which  depend  for  their  molding  quality  on 
the  melting  of  the  contained  binder  and  then  set  to  shape 
in  the  mold  by  cooling. 

2 — Those  which  are  formed  cold  from  mixtures  con- 
taining a  material  like  cement  and  which  get  their  final 
characteristics  by   setting  or  chemical   action. 

3 — Those  which  are  formed  by  melting  or  softening 
the  compound  and  then  changing  to  final  state  by  chemical 
action  brought  on  by  heating  the  object  either  in  the  mold 
or  subsequently,  such  as  vulcanizing  or  bakelizing. 

There  are  also  innumerable  combinations  of  the 
above,  as  well  as  other  mixtures,  etc.,  not  coming  un- 
der these  classifications. 

The  story  of  molded  insulation  would  make  a  book 
in  itself,  so  that  all  that  will  be  done  here  will  be  to  say 
something  of  the  classes  which  have  been  used  and  those 
in  general  use  today.  The  earliest  in  the  field  was  the 
rubber  compound,  either  in  the  form  of  hard  or  semi- 
hard rubber,  and  these  were  closely  followed  by  the 
rubber  substitutes.  The  variety  and  quantity  of  the 
Utter  are  legion,  as  almost  every  conceivable  material 
has  been  used  for  the  purpose.  In  fact  it  has  often 
seemed  that  when  material  of  a  gummy  nature  was  pro- 
duced which  had  no  visible  use,  it  was  proposed  as  a 
rew  and  wonderful  molding  product.  The  receipt  of 
one  letter  is  recalled  where  the  writer  frankly  stated 
that  the  sample  he  was  sending  apparently  had  no  other 
use  whatever,  therefore  it  must  be  a  good  material  for 
making  molded  insulation.  There  has  been  a  gradual 
abandonment  of  molded  rubber  for  most  uses  because 
of  its  relatively  poor  mechanical  qualities  and  its  low 
heat  resistance.  The  same  difficulty  is  experienced  with 
many  of  the  rubber  substitutes  which  are  used  as  a 
binder,  such  materials  as  asphalt,  coal  tar  pitch  and  \  ari- 
ous  vegetable  gums  such  as  shellac.  \\'here  the  tem- 
peratures are  very  moderate  and  the  mechanical  char- 
acteristics not  exacting,  many  of  the  rubber  substitutes 
still  serve  their  purpose  admirably.  The  advent  of  the 
synthetic  resins,  such  as  bakelite,  brought  on  a  new  era 
in  molded  insulation  on  account  of  the  better  mechanical 
and  heat-resisting  characteristics  of  such  molded  ma- 
terials. These  desirable  characteristics  are,  however, 
offset  to  a  certain  extent  by  somewhat  lower  insulating 
values  than  are  found  in  the  bert  fjrades  of  rubber  and 
rubber  substitutes. 
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Like  all  Other  insulators,  therefore,  the  actual 
molded  materials  are  generally  a  compromise  between 
the  theoretically  desirable  characteristics  and  those 
which  can  be  obtained  in  practice.  On  account  of  the 
wide  variety  of  grades  and  forms  of  molded  insulation, 
there  has  been  no  generally  recognized  method  of  judg- 
ing the  characteristics  of  a  molded  material,  but  dur- 
ing the  last  few  years  such  an  attempt  has  been  made 
and  in  tentative  form  the  specification  for  making  such 
tests  may  be  found  in  the  Proceedings  of  the  American 
Society  for  Testing  Materials. 

GLASS  AND   PORCELAIN   INSULATORS 

Another  phase  of  the  insulation  question  which  is 
of  paramount  importance  to  the  operating  companies 
is  that  of  line  insulators.  Prior  to  1890  or  i8gi  the 
general  method  of  judging  the  insulation  was  th-it  of 
measuring  insulation  resistance  and  this  was  of  very 
cotisiderable  importance  in  telephone  and  telegraph  in- 
stallations. It  had  been  found  that  a  line  using  glass 
insulators  gave  relatively  low  insulation  resistance  dur- 
ing adverse  weather  conditions  and,  as  it  was  intended 
t  ■  use  glass  insulators  for  the  Pomona  transmission,  the 
original  plans  included  a  scheme  for  having  an  annular 
oil  cup  around  the  insulator  pin  in  such  a  way  that  the 
path  over  the  surface  of  the  insulator  from  the  line 
wire  to  the  pin  would  be  broken  up  by  having  interposed 
an  oil  surface.  High  voltage  tests  on  insulators  of  this 
type  and  on  those  without  the  oil  cup,  gave  evidence 
that  the  oil  cup  was  not  necessary  for  high  voltage 
transmission  and  that  it  would  be  difficult  to  maintain. 
The  rapid  rise  of  the  porcelain  insulator  in  place  of 
the  glass  insulator  has  been  due  to  its  better  mechanical 
characteristics,  that  is,  greater  mechanical  strength  and 
kiwer  temperature  coefircient.  The  Missouri  River 
Power  Company's  transmission  (at  first  50000  volts  and 
later  raised  to  70  000)  is  the  highest  ever  attempted  with 
glass  insulators.  Here  the  main  difficulty  was  not  with 
the  dielectric  value  or  the  insulation  resistance,  but  with 
the  mechanical  characteristics.  Glass  has  some  dis- 
tinct advantages  over  porcelain  but  these  have  not  been 
sufficient  to  allow  it  to  become  a  standard  for  high  volt- 
age transmission.  These  advantages  are  mainly  those 
of  its  relative  homogeneity  and  its  transparency,  allow- 
ing easy  inspection  to  be  made  for  faults  and  its  high 
dielectric  strength.  A  low  temperature  coefficient  glass 
niay  yet  be  produced  which  would  find  a  place  in  high 
voltage  transmission. 

The  development  of  the  porcelain  insulator  has 
been  mainly  that  of  form  and  method  of  mounting 
lather  than  in  the  ceramic  art,  although  in  later  years 
this  latter  phase  has  received  serious  consideration,  par- 
ticularly in  view  of  the  so-called  deterioration  of  insula- 
tors in  service.  The  design  of  porcelain  insulators  for 
many  years  was  dominated  mainly  by  the  idea  of  secur- 
ing as  large  an  amount  of  arcing  distance  and  dry  .sur- 
frce  from  the  line  wire  to  the  pin  as  possible.  In  re- 
cent years,  through  the  application  of  scientific  prin- 
ciples, it  has  been  possible  to  re-arrange  the  electrostatic 
flux,  both  in  the  air  and  in  the  porcelain  itself,  and  pro- 
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vide  surfaces  corresponding  to  the  flow  lines  and  ec|ui- 
potential  surfaces  of  the  electrostatic  field,  'i'hese  con- 
siderations have  very  largely  changed  the  dominating 
c'esigns  and  have  already  produced  a  very  suiierior  and 
ertirely  practical  type  of  insulator.  The  advent  of  the 
suspension  insulator  was  inevitable  and  came  about 
from  the  fact  that  the  sizes  of  pin  insulators  practical 
vith  present  ceramic  methods  and  pin  construction  are 
reached  for  line  voltages  of  from  66  ooo  to  88  ooo  volts. 
Many  attempts  have  been  made  to  find  substitutes 
for  the  porcelain  insulator  for  high  voltage  transmission, 
but  the  porcelain  insulator  still  dominates  the  field,  on 
account  of  its  characteristics  averaging  up  better  than 
those  of  any  competitor.  It  would  be  wholly  unsafe 
to  predict  what  may  be  in  store  in  the  future  but  with 
the  probable  advent  of  super-power  lines  of  220  000 
volts  and  possibly  higher,  the  line  insulator  question 
must  receive  the  most  serious  consideration. 

SHEET   INSULATION 

The  fabrics  and  paper,  or  sheet  insulation,  consti- 
tute one  of  the  important  classes  of  insulations.  There 
has  been  little  change  in  the  types  of  fabrics  and  papers 
available  during  the  last  25  years.  A  large  amount  of 
special  fabric  and  paper  has  been  manufactured  speci- 
fically for  insulation  purposes  but  such  modifications  as 
have  been  made  have  been  in  the  main  for  mechanical 
purposes  rather  than  on  account  of  the  insulation.  A 
rotable  exception  is  in  the  heav}  paper  or  so-called 
fullerboard  used  for  high  voltage  transformer  insula- 
tion where  the  specifications  have  changed  from  requir- 
ing a  dense  material  to  one  requiring  a  fairly  soft  and 
porous  material.  This  is  found  desirable,  due  to  the 
very  considerably  decreased  dielectric  losses  in  the 
porous  material  when  thoroughly  saturated  with  trans- 
former oil.  There  has,  however,  been  great  advarfce  in 
the  art  of  manufacturing  so-called  treated  papers  and 
cloths,  and  also  the  chemically  prepared  papers  and  im- 
pregnated sheet  material.  These  developments  have 
been  due  more  to  the  quality  of  the  varnishes  and  im- 
pregnating materials  than  to  any  improvements  in  the 
sheet  material  with  which  these  varnishes  and  impreg- 
nating materials  are  used.  At  the  present  time  little 
sheet  material  or  fabrics  are  used  for  insulating  [.ur- 
poses  which  are  not  saturated  and  coated  with  varnish 
or  similar  materiail.  This  is  true  when  such  materials 
are  ajiplied  in  the  "dry"  state  to  windings  as  these  v/md- 
irgs  are  usually  "dipped"  afterward.  Such  papers, 
boards  and  fabrics  constitute  a  very  large  portion  of  the 
insulation  used  and  are,  therefore,  a  most  important 
part  of  the  subject.  The  use  of  synthetic  resins  as  im- 
pregnating material  forms,  the  only  notable  advance  in 
these  materials  for  nian\'  years  and  this  can  be  con- 
sidered an  addition  to  rather  than  a  substitute  for  those 
already  available. 

Till-:  E.NEMIICS  or  IXSII.ATION 

The  arch  enemies  of  insulation  are  moisture  and 
temperature.     The  recognition  of  the  extremely  impor- 

tr.nl  part   which  moisture  ])lays  in   connection  with   in- 


sulation troubles  came  quite  graduall}-.  This  was  per- 
haps to  be  expected  as  the  development  of  the  art  has 
been  gradual  and  the  w^ays  and  means  of  definitely  de- 
termining the  cause  of  insulation  troubles  have  also  been 
somewhat  slow  in  development.  Furthermore,  the  im- 
portance of  the  influence  of  extremely  small  amounts  of 
moisture  has  naturally  grown  with  the  increase  in  volt- 
ages used. 

The  influence  of  moisture  in  greatly  increasing  the 
dielectric  losses  was  definitely  brought  out  and  the  re- 
sults were  published  in  a  paper  before  the  American 
Institute  of  Electrical  Engineers  in  1902.  At  the  time 
cf  the  construction  of  the  Ontario  Power  Company's 
60  000  volt  transmission  lines,  the  stage  had  been 
reached  when  it  was  considered  advisable  to  vacuum 
dry  complete  transformers  before  immersing  them  in 
oil.  Equipment  for  this  purpose  was  not  available  for 
transformers  of  the  size  used  by  the  Ontario  Power  Co. 
.-•nd  it  was  therefore  decided  to  make  the  transformer 
tank  itself  the  vacuum  tank  and  provide  means  for 
vacuum  drying  the  transformers  after  they  were  placed 
in  the  tanks  at  the  point  of  installation.  After  drying 
for  a  week  or  10  days,  following  the  course  of  the  dry- 
ing b}-  measuring  insulation  resistance  of  the  trans- 
formers until  this  was  considered  satisfactory,  oil  was 
admitted  to  the  first  transformer  while  still  under 
vacuum.  As  a  final  precaution  a  sample  of  oil  was 
drawn  from  the  bottom  of  the  tank  only  to 
find  that  it  was  about  98  percent  water.  Inves- 
tigation of  a  second  transformer  into  which  the 
oil  had  not  been  admitted  resulted  in  the  discovery 
of  6  or  7  gallons  of  water  in  the  bottom  of 
the  transformer  tank,  although  the  transformer  itself 
was  undoubtedly  satisfactorily  dried  by  the  vacuum 
process.  The  water  undoubtedly  came  partly  from  the 
transformer  coils,  partly  from  the  laminated  iron  and 
partly  from  the  air  which  was  inevitably  drawn  into  the 
t'ansformer  tank  on  account  of  the  impossibility  of 
n.aking  the  tank  absolutely  vacuum  tight.  This  mois- 
tvre  condensing  on  the  cooler  top  and  sides  of  the  tank, 
collected  at  the  bottom.  The  cure  was  very  simple  and 
c(  nsisted  in  a  double  valve  arrangement  with  a  small 
tank  between,  allowing  the  condensed  water  to  be  drawn 
ofl!'  as  the  drying  proceeded.  This  incident  shows  the 
very  large  quantities  of  water  which  could  be  collected 
under  the  circumstances  described  and  indicates  that 
apparatus,  not  satisfactorily  protected  by  a  moisture- 
proof  coating  or  by  immersion  in  oil,  requires  special 
precautions  in  installation  and  starting.  Later  studies 
have  indicated  that  moisture  in  extremely  minute 
amounts  may  play  a  very  important  part  in  impairing 
insulation  where  the  requirements  are  severe,  as  it  may 
increase  the  dielectric  losses  and  lower  the  insul.ition 
resistance  and  the  dielectric  value. 

It  must  be  evident  from  the  [)receding  that  a  bone- 
dry  condition  is  desirable  for  practically  all  insulation 
and  that  a  certain  amount  of  temperature  is  necessary 
;■•;  a  rule  in  order  to  bring  about  this  bone-drv  condi- 
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tion.  The  matter  of  temperature  becomes  important 
from  the  standpoint  of  causing  trouble  in  insulation 
only  when  certain  limiting  temperatures  are  passed  and 
the  question  of  what  should  constitute  the  maximum 
allowable  temperature  for  the  various  types  of  insula- 
tion has  been  the  subject  of  an  enormous  amount  of 
experimentation  and  discussion.  It  is  usually  the  vital 
f:  ctor  in  determining  the  rating  of  electrical  apparatus. 

Practically  no  organic  materials  will  withstand  con- 
tinuous temperatures  very  much  in  excess  of  the  boil- 
ii  g  of  water  without  deterioration.  Such  materials  vary 
among  themselves  to  a  certain  extent  in  the  temperature 
they  will  withstand  without  deterioration,  but  this  raiige 
is  not  so  great.  At  about  the  limiting  value,  mechanical 
deterioration  of  the  material  rather  than  deterioration 
of  its  electrical  and  insulating  characteristics  is  the  de- 
termining factor.  All  such  materials  deteriorate  rapidly 
when  temperatures  approaching  what  might  be  called 
the  scorching  point  are  reached.  The  figure  finally  ac- 
cepted by  the  Standardization  Committee  of  the  Ameri- 
can Institute  of  Electrical  Engineers  as  the  maximum 
allowable  for  continuous  temperature  for  organic  ma- 
terials is  105  degrees  C.  and  even  in  this  case  it  .3  re- 
ciuired  that  fibrous  materials  be  protected  by  havin^-  the 
fibers  coated  with  varnish  or  treated  with  impregnating 
materials.  The  varnish  gums  and  impregnating  ma- 
terials, and  particularly  those  obtained  from  asphalts, 
mineral  oils  and  coal  tar  products,  will  withstand  some- 
what higher  temperatures  than  the  fibrous  materials, 
such  as  cotton,  linen,  etc.  They  are  also  less  readily 
oxidizable  and  therefore  provide  a  certain  amount  of 
protection  for  fibrous  materials  at  these  high  tempera- 
tures. 

Either  moisture  or  temperature  may  cause  deteri- 
oration but  under  operating  conditions  the  combination 
of  the  two  makes  the  most  difficult  condition  to  meet. 

INSULATIONS  OF   THE   FUTURE 

In  order  to  see  how  far  insulations  are  from  j  er- 
fection,  it  is  only  necessary  to  outline  some  of  the  char- 
acteristics for  a  perfect  insulation.  The  theoretically 
desirable  insulation  specification  would  probabl}'  call 
for  two  materials — one  a  solid  and  the  other  a  liquid. 
In  the  solids  there  might  be  brass  or  copper  as  the  base, 
requiring  that  in  addition  to  the  physical  characteristics 
which  they  now  have,  they  should  be  perfect  insulators. 
These  materials  would  be  capable  of  being  rolled, 
drawn,  spun  and  in  fact  worked  as  we  now  work  the 
most  ductile  metals.  Electrical  insulating  qualities 
equal  to  mica,  would  be  required  along  with  the  heat 
conductivity  of  copper.  It  might  even  be  desirable  to 
be  able  to  dissolve  the  material,  like  shellac,  and  apph- 
it  in  thin  coats  and  then  have  it  return  to  its  metallic 
characteristics.  It  would  be  very  ea.sy  to  outline  numer- 
ous other  desirable  characteristics  but  for  the  present 
purpose'  the  above  is  probably  sufficient. 


Eor  liquid  insulators  the  requirements  would  be 
that  it  be  non-burnable,  that  its  boiling  point  be  very 
high,  that  its  power  of  canying  heat  be  at  least  equal 
to  that  of  water,  and  in  fact  water  might  be  taken  as 
the  base  on  which  to  build  the  desirable  characteristics. 

It  may  seem  futile  to  take  time  to  even  outline  such 
desirable  characteristics  of  insulating  materials,  since 
there  is  little  or  no  hope  at  the  present  time  of  attain- 
ing these  characteristics.  It  does  serve  to  show,  how- 
ever, how  far  we  are  from  the  ideal  and  as  considerable 
advances  have  been  made  in  the  characteristics  of  in- 
sulating materials  in  the  past  we  should  have  some  such 
idea  to  guide  in  our  future  work.  We  must  work  with 
the  materials  at  hand  and  improve  their  characteristics 
as  far  as  possible  in  line  with  our  ideals.  Instead  of 
v.'orking  with  the  two  or  three  desirable  insulations,  we 
must  work  with  a  vast  number,  each  of  which  has  its 
I'eculiar  limitations.  We  may  well  question,  from  our 
present  knowledge  of  the  art,  what  advances  are  possi- 
ble. We  certainly  should  expect  to  make  advances  in 
practically  every  class  which  has  been  described  and 
in  many  other  classes. 

The  advances  in  the  art  of  making  synthetic  gums 
and  synthetic  rubbers  lead  to  the  belief  that  further 
advances  along  these  lines  are  probable  and  it  is  hoped 
that  new  materials  will  be  developed  which  will  be  much 
less  subject  to  deterioration  by  heat  and  will  provide 
more  satisfactory  moisture-proofing  than  the  present 
n.aterials. 

There  are  already  a  few  liquid  insulators  which  are 
fireproof,  such  as  tetrachloride  of  carbon,  and  a  non- 
burnable  liquid  may  be  developed  which  will  be  a  satis- 
factory substitute  for  transformer  oil.  At  present,  as- 
bestos is  practically  the  only  non-burnable  fiber  which 
can  be  spun  and  woven,  but  it  lacks  very  much  of  being 
an  ideal  material,  both  from  the  insulation  standpoint 
;mk1  the  mechanical  standpoint.  A  substitute  for  asbes- 
tos with  more  desirable  characteristics  may  be  found 
in  the  future.  Along  with  this,  non-burnable  insulating 
coatings  or  varnishes  may  be  produced.  Of  necessity, 
something  better  than  the  present  line  insulator  must  be 
c'evelnped  for  extremely  high  voltage  work,  either 
ib.rough  advances  in  the  ceramic  art  or  the  production 
of  a  totally  new  material  or  combination  for  this  pur- 
pose. 

1'he  demands  upon  insulating  materials  for  the 
generator,  the  motor,  the  transformer  and  the  trans- 
mission line  are  varied  and  exacting.  It  should  resist 
mechanical  deterioration  and  chemical  change  under 
the  ordinarily  destructive  influences  of  high  tempera- 
ture and  of  moisture  and  weather;  it  should  resist  break- 
down due  to  mechanical  stresses  and  electrical  stresses, 
loth  under  normal  operation  and  the  momentary  ex-  - 
tremes  due  to  .short-circuit  on  the  one  hand  or  voltage 
peaks  on  the  other.  It  should  combine  in  one  material 
tlie  best  (|ualities  of  a  dozen  different  materials  and  even 
llien  it  would  be  short  of  the  ideal.  _        "   ' 
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THE  APPROXIMATE  electrical  performance  of 
overhead  circuits  having  a  length  not  ex- 
ceeding 300  miles,  may  readily  be  determined  by 
the  use  of  the  Wilkinson  Charts  for  determining  the 
values  of  the  auxiliarj'  constants,  supplemented  by  vec- 
tor diagrams  representing  the  current  and  voltages  of 
the  circuits.  In  important  cases,  as  a  final  check  upon 
the  values  obtained  by  the  simple  graphical  solution,  a 
mathematical  solution  yielding  rigorous  results  should 
be.  made.  If  the  circuit  is  more  than  300  miles  long,  a 
mathematical  solution  yielding  rigorous  values  will 
be  required  for  determining  the  correct  values  of  ni 
least  the  auxiliary  constants. 

FORMS  OF  RIGOROUS  SOLUTIONS 

The  most  direct  method  for  determining  mathe- 
matically the  exact  performance  of  circuits  of  great 
electrical  length  is  by  the  employment  of  hyperbolic 
functions,  and  the  fundamental  equations  are  usually 
expressed  in  such  terms.  Many  engineers  have  a 
general  aversion  to  the  use  of  mathematical  expressions 
employing  hyperbolic  functions.  One  reason  for  this  is 
that  the  older  engineers  attended  college  before  the 
hyperbolic  theory  as  applied  to  transmission  circuits  had 
been  developed,  and  tables  of  such  functions  were  not  at 
that  time  available. 

In  1893  Dr.  A.  E.  Kennelly  introduced  \ector 
arithmetic  into  alternating-current  computation  for  the 
first  time.*  Although  real  hyperbolic  functions  had 
well  recognized  uses  in  applied  science,  it  was  in  1894** 
that  he,  for  the  first  time,  suggested  and  illustrated  the 
application  of  vector  hyperbolic  functions  to  the  de- 
terminations of  the  electrical  performance  of  transmis- 
sion circuits.  Since  ihat  time  Dr.  Kennelly  has  been  a 
most  persistent  advocate  of  the  employment  of  these 
functions  in  electrical  engineering  problems.  To  ad- 
vance their  use,  he  has  calculated  and  published  numer- 
ous tables  and  charts  of  such  functions.  Such  tables 
were,  until  recently,  incomplete  and  the  result  was  that 
it  was  necessar)',  in  using  these  tables,  to  interpolate 
values,  thus  introducing  complications  and  inaccuracies 
into  the  calculations. 

Tables  of  hyperbolic  functions  and  charts  are  now 
sufficiently  extensive  and  complete  for  accurate  work. 
The  universities  quite  generally  are  encouraging  instruc- 
tion of  students  in  the  hyperbolic  theory.     It  is  there- 


*Trans.  Am.  Inst.  Elec.  Engrs.,  Vol.  X.  page  175  "Im- 
pedance." 

**"Electrical  World",  Vol.  XXIII,  No.  I,  page  17,  January 
1894,  "The  Fall  of  Pressure  in  Long-Distance  Alternating- 
Current  Conductors." 


fore  to  lie  exjiected  that,  in  the  future,  the  employtuent 
of  hyperbolic  functions  for  the  solution  of  long  trans- 
mission lines,  will  come  into  general  use. 

The  fundamental  hyperbolic  equations  expressing 
the  electrical  behavior  of  transmission  circuits  may  be 
expressed  in  the  form  of  convergent  series  and,  in  such 
form  have,  in  some  cases,  certain  advantages  over  the 
hyperbolic  form.  The  convergent  series  form  of  solu- 
tion does  not  require  the  employment  of  tables  or  charts 
of  hyperbolic  functions,  whereas  hyperbolic  forms  of  so- 
lutions do  require  such  tables  or  charts.  Ifj  therefore, 
such  tables  or  charts  are  not  available,  hyperbolic  solu- 
tions cannot  be  employed. 

While  the  amount  of  arithmetical  work  involved  is 
considerable,  any  degree  of  accuracy  may  readily  be  ob- 
tained by  the  convergent  series  solution  by  working  out 
the  terms  for  the  auxiliary  constants  until  they  become 
too  small  to  have  any  eilect  upon  the  results.  This  can 
also  be  done  with  hyperbolic  functions,  but  exact  inter- 
polation of  such  fimctions  from  tabular  values,  may  be 
considered  more  difficult  than  the  working  out  of  an 
extra  term  or  two  in  the  convergent  series  form  of  solu- 
tion. The  above  remarks  apply  to  cases  where  an  un- 
usual degree  of  accuracy  is  required.  Later  will  be  in- 
cluded a  tabulation  of  the  performance  of  64  different 
electrical  circuits,  as  determined  by  a  rigorous,  and  also 
by  eight  different  approximate  methods  of  calculation. 
As  the  rigorous  values  are  taken  as  100  percent  correct, 
in  determining  the  percent  error  by  the  approximate 
methods,  it  was  important  that  the  so  called  "rigorcpus" 
values  be  exact.  To  make  them  so,  it  was  found  con- 
venient to  employ  the  convergent  series  form  of  solu- 
tion for  these  particular  problems,  covering  circuits  up 
to  500  miles  long  and  potentials  up  to  200000  volts. 
For  the  calculation  of  the  performance  of  practical 
power  transmission  circuits,  tables  of  hyperbolic  func- 
tions are  now  sufficiently  complete  to  yield  results  well 
within  the  errors  due  to  variation  in  the  assumed  linear 
constants  of  the  circuits  from  their  actual  values. 

The  employment  of  convergent  series  requires  a 
v.orking  knowledge  of  complex  quantities  only,  whereas 
the  employment  of  hyperbolic  functions  in  addition 
leads  into  hyperbolic  trigonometry.  As  literature  per- 
taining to  the  hyperbolic  theory  becomes  more  generally 
available,  and  as  the  younger  engineers  take  up  active 
engineering  work,  the  hyperbolic  theory  will  become 
more  generally  used. 

For  the  purpose  of  providing  a  choice  of  rigorous 
methods,  both  convergent  series  and  two  forms  of  hy- 
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perbolic  solutions  are  given.  The  numerical  values 
employed  in  these  solutions  have  been  carried  to  what 
may  appear  as  an  unnecessary  degree  of  precision.  The 
reason  for  this  is  to  demonstrate  the  fact  that  all  of 
these  rigorous  solutions  yield  the  same  results.  For 
practical  problems  less  accuracy  would  be  essential, 
thus  reducing  the  amount  of  arithmetical  work. 

Before  taking  up  the  rigorous  solutions,  it  has  been 
thought  desirable  to  review  the  rules  regarding  the  use 
of  complex  quantities  and  vector  operations. 

COMPLEX    QUANTITIES 

The  calculation  of  the  auxiliary  constants  of  the 
circuit  by  convergent  series,  and  the  further  calculation 
of  the  electrical  performance  of  the  circuit,  involve  the 
use  of  complex  numbers,  that  is,  numbers  containing  ;' 
terms.  Thus  A  ^  a^  -\-  ja^  is  a  complex  quantity.  To 
the  beginner,  expressions  containing  /  terms  may  seem 
difficult  to  understand.  It  cannot  be  made  too  emphatic 
that  the  rules  governing  the  use  of  such  terms  are  so 
simple  (embodying  only  the  simple  rules  of  algebra) 
that  the  beginner  will  shortly  be  surprised  with  the  ease 
at  which  complex  quantities  are  handled. 

/  Terms — In  the  complex  notation  Z  =  A'  -f  /)', 
the  prefix  /  indicates  that  the  value  Y  is  measured  along 
the  axis  perpendicular  to  that  of  X,  or  what  is  called 
the  imaginary  axis.  There  need  be  no  significance  at- 
tached to  the  symbol  ;'  other  than  that  of  a  mere  dis- 
tinguishing mark,  to  designate  a  distance  above  or  be- 
low the  reference  axis  in  the  vector  diagram.  How- 
ever, great  use  is  made  of  a  further  assigned  signifi- 
cance. It  has  a  numerical  significance  in  the  form  of 
/'  =  I  w  which  enables  all  formal  algebraic  opera- 
tions, multiplication,  addition,  extraction  of  roots,  etc. 
incident  to  computation  involving  complex  quantities,  to 
be  carried  out  rigorously.  This  numerical  designation 
for  y  does  not  prevent  its  use  as  a  designating  symbol 
for  the  vertical  direction  in  the  vector  diagram.* 

PLANE  VECTORS 

Alternating  voltages  and  currents  which  vary  ac- 
cording to  the  sine  or  cosine  law,  may  be  represented 
graphically  by  directed  straight  lines,  called  plane  vec- 
tors. The  length  of  the  vector  represents  the  efl^ective 
value  of  the  alternating  quantity,  while  the  position  of 
the  vector  with  respect  to  a  selected  reference  vector, 
base  or  axis,  gives  the  phase  displacement.  The  line 
OP,  of  Fig.  29,  represents  a  plane  vector  inclined  at  an 
angle  of  33°  41'  with  the  base  OS  (the  axis  of  refer- 
ence). The  length  of  the  line  OP  is  a  measure,  to  some 
assumed  scale,  of  the  efifective  value  of  the  voltage  or 
current,  while  the  angle  SOP  gives  the  phase  displace- 
inent. 

Counter-clockwise  rotation  is  considered  positive. 
Thus,  in  Fig.  29,  if  the  line  OS  represents  the  instantan- 
eous direction  of  the  current  and  the  line  OP  that  of  the 
voltage  at  the  same  instant,  the  current  is  represented 

*For  an  extended  explanation  of  /  terms,  reference  is  made 
to  Dr.  Charles  P.  Steinmctz's  "Enginering  Mathematics",  and 
Dr.  A.  E.  Kennellv's  "Artificial  Electric  I.ine^." 


as  lagging  behind  the  voltage  by  the  angle  33°  41'.  By 
means  of  vectors  the  relative  phase  position  and  value 
of  either  currents  or  e.m.f.'s  can  be  represented  in  the 
same  manner  as  forces  in  mechanics. 

The  position  of  P,  with  respect  to  0,  is  usually  de- 
fined in  terms  of  rectangular  or  polar  co-ordinates.  In 
rectangular  co-ordinates  there  are  two  fixed  mutually 
perpendicular  axes,  — XOX  and  — YOY  (Fig.  31)  in 
the  plane  of  reference.  The  former,  — XOX,  is  called 
the  real  axis,  or  axis  of  real  quantities.  The  latter, 
— YOY,  is  called  the  imaginary  axis,  or  axis  of  imagin- 
ary quantities.  The  qualifying  adjective  "imaginary" 
does  not  mean  that  there  is  anything  indeterminate  or 
fictitious  about  this  axis.  The  perpendicular  projections 
of  P-i  (Fig.  31)  on  the  X  and  }'  axes  are  respectively 
the  real  component  X,  and  the  imaginary  component  Y. 

The  magnitude  and  sign  of  the  rectangular  com- 
ponents X  and  Y  completely  determine  the  position  of 
the  vector  OP.  Positive  is  indicated  to  right  and  up- 
ward, negative  to  the  left  and  downward  as  indicatisd  in 
Fig.  30.  Thus,  if  X  and  Y  are  both  positive,  OP  lies  in 
the  first  quadrant.  If  X  and  Y  are  both  negative,  OP 
lies  in  the  third  quadrant.  If  X  is  —  and  Y  is  -[-,  OP 
lies  in  the  second  quadrant.  If  X  is  -|-  and  Y  is  — ,  OP 
lies  in  the  fourth  quadrant.  Any  plane  vector  may  be 
completely  specified  by  its  real  and  imaginary  compon- 
ents X  and  Y.  Thus,  beneath  Fig.  31,  is  a  table  in 
which  the  point  P  is  located  in  the  plane  by  co-ordinates 
for  all  quadrants. 

From  Fig.  30  it  is  evident  that,  mathematically,  the 
quadrature  numbers  are  just  as  real  as  the  others.  The 
quadrature  numbers  represent  the  vertical,  and  the  ordi- 
liary  numbers  the  horizontal  directions. 

VECTOR  OPERATIONS 

In  general,  in  the  handling  of  complex  numbers  in- 
\  Giving  ;■  terms,  the  simple  rules  of  algebra  are  followed. 
In  Fig.  32  two  vector  quantities  are  shown.  Vector  A 
has  a  magnitude  of  5  units  and  is  inclined  in  the  positive 
in-  leading  direction  at  an  angle  of  36°  52'  with  the 
horizontal  reference  vector,  and  vector  B  has  a  magni- 
tude of  4.47  units,  and  is  inclined  in  the  positive  or 
leading  direction  at  an  angle  of  63°  26'  with  the  refer- 
ence vector.  These  vector  quantities  are  expressed  in 
rectangular  co-ordinate  as  /i  =  +  .^  +  /j,  fi  =  +  ^  + 
/./  or  in  polar  co-ordinates  as  A  =  5  /jd°  52',  B  =  4.47 
/d?°  26'.  The  prefix  /  simply  means  that  the  number 
following  it  is  measured  along  the  vertical  or  Y  axis. 
The  dot  under  the  vector  designation  indicates  that  A  is 
expressed  as  a  complex  number,  so  that  the  absolute 
value  of  A  would  be  VlTP+^Cj)"  =  5  and  of  J5  = 
V  {2)"  ^  (4)^  =  4.47.  The  absolute  value  of  a  com- 
[ilex  number  is  called  its  "size" ;  while  the  angle  is  called 
its  "slope". 

In  order  to  illustrate  the  handling  of  complex  quan- 
tities, the  various  operations  of  addition,  subtraction, 
multiplication,  division,  evolution  and  involution  of 
the  vectors  A  and  B  in  Fig.  32,  will  be  performed. 
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Addition— ¥\g.  33  illustrates  the  addition  of  these     units  and  is  inclined  in  the  forward  direction  at  a  slope 
vectors  expressed  in  rectangular  co-ordinates.     The  re-     of  49°  24'  with  reference  to  the  initial  line,  OS. 
suiting  vector  will  have  as  its  real  component,  the  alge-  Suhtraction-¥\g.  34  illustrates  the  subtraction  A  — 


;)='V(G)^+(7l°  =  9.22  A9'  24- 


LENGTH  VECTOR  (C)=—=l  - 
ANGLE  VECTOR  (C)  = 

36'  62— 63"  26'  =  -  26'  34' 


LENGTH '(0)=  5X4.47  =  22.36 
ANGLE     (C)  =  63°  26' +  36*  52' =100'' 18' 


FIGS.    20    TO    36 — EX.AMPI.ES  OF    VECTOR    SOLUTIONS 

braic  sum  of  the  reals,  and  as  its  imaginary  component,  B.     This  is  simply  addition  after  the  signs  of  both  of 

the  algebraic  sum  of  the  imaginaries.     Thus :  the  components  of  the  vector  to  be  subtracted  have  been 

A  —  +  A  +  !3  reversed.     Thus,— 

-f  B  =  -^  2  +  ;4  A  =  ^  A  +  n 

.,,       A  +  R  —  C  =:  +  6  4-/7  _  5  =  _  2  —  ;4 

r  —  V   (6)'  4-  (7)'  =  9-22  absolute.  A  —  B  =  C  =  +  2 


The  resulting  vector  has,  therefore,  a  size  of  9.22 


;i 


C  =   1     (2)=  4-  (i)'  =  2.24  absolute. 
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The  resulting  vector  C  has  therefore  a  size  of  2.24 
units  and  a  slope  of  —  26°  34'.  In  polar  co-ordinates, 
C=2.24\26°  34'. 

Division — To  divide  one  plane  vector  by  anoiher, 
divide  their  sizes  and  subtract  their  slopes.  Fig.  35. 
Thus, — 


Absolute  value  of  C  =- 


=  1. 12 


Angle  of  inclination  of  C  ^  36°  ^,2'  —  63°  26'  = 
—  26°  34'  in  the  negative  direction.  In  polar  co-ordi- 
nates C  ^  i.i2\26°  S4'. 

Multiplication — Fig.   36   illustrates   the   multiplica- 
tion of  the  vectors  A  and  B.     Here  the  rules  of  algebra 


A  =  +  4  +  j  i 
g  =  4-  2  -f  ;■  4 

+  8  +  i 6  : 

—  12  +  /  16  t 

A  X  B  r=  C  —  —  44-/  22  =  22.35  ab.solute 

The  resulting  vector  C  has  therefore  a  size  of  22.35  • 

units  and  is  inclined  in  the  positive  direction  at  an  angle' 

of  100°  18'  to  the  vector  of  reference.     The  polar  ex'- 

pression  is  C  =;  -^-'.55    x  100°  18' 

The  magnitude  and  position  of  the  product  may  be 
also  determined  by  multiplying  the  sizes  of  the  vectors 
and  adding  their  slo[)es.     Thus: — 

Size  of  C  —-  5  X  447  =  22.35  (as  above) 
Slope  ol  C  —  63°  26'  -1-  36°  52'  =  100°  i8'. 


SOLUTION    FOR    E 


SOLUTION    FOR     U 


.  00I464  =  (C1  ABSOLUTE 
*j  .OOI463=CjH 


4     60  046  X 


j  28.399 \^  *S  87.60  AMPERES 

^*- -2.462  AMPERES 


COMBINED   CURRENT    AND    VOLTAGE   VECTORS 


LOAD     CONDITIONS 


ZERO 
|i     LOAD     CONDITIONS 


60  046  VOLTS 


&■  26* 
^Er^O^O  046  VOLTS 


5'  26' 

-j  43.66  AMPERtS 


FIG.    37 — CR.\PHIC    REPHLSEKT.MIOX    OF    PROFil.EM    X 

Illustrating   rigorous  calculations  of  performance   when    receiving  end  conditions  arc  fi.xcd. 

also  apply,  except  that  when  two  /  terms  are  multi-plied  Inrolntion — Involution    is    multiple    multiplication, 

signs  are  assigned  opposite  to  those  which  would  be  used  To  obtain  the  power  of  a  plane  vector,  find  the  power  of 

in  the  ordinary  solution  of  an  algebraic  problem.     This  the  polar  value  and  nuiltiph-  the  angle  by  the  power  to 

is  for  the  reason  that, —  which  the  vector  is  to  be  raised.     Thus.— vector  A  = 


hence.  ;" 


3  /5(5°  5.-';  and   {5  /S^^S^V  =  5=  /73°  4l  =  ^5 


Hence  where  f  occurs  it  is  replaced  by  its  value     LIA z7_L 

■    I  and  therefore,  Evolution — To  tind  the  root  of  a  polar  plane  vector, 

^  ^      yj  Z'  _  y  find   the  root  of  the  polar  value  and   then  divide   the 

/'  =  +  J  slope  bv  the  root  desired.     Thus  vector  A  =:  5  /36°.  52' ', 

r  =  +  I.  etc.  ' 

Thus,  to  get  the  product  of  A  and  B :—  atid  1  5  /:;S°  5^-'  =  2.236  /i8°  26'. 
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SOLUTION   BY  CONVERGENT  SERIES 

The  hyperbolic  formula  for  determining  the  operat- 
ing characteristics  of  a  transmission  circuit  in  which 
exact  account  is  taken  of  all  the  electric  properties  of 
the  circuit  is  frequently  expressed  in  the  following 
form, — 

E,  =  E,  cosh  VI  +   Ir  U  sink  VI (.?9) 

/.  =    /,  cosh  VI  +  E,^  sinh   VI    (50) 

Where, — 


ri=^y\  /  y  and  r  =  ^1 


These  formulas  may  therefore  be  expressed,- 


£.  =  E,  cosh  1    ZK  +  /r 


siiili  \-  /C) 


I.  =  /,  cosh  I    ZY  +  Er 


\  — 


.  siiih  1    Z)' , 


(50 


(5^) 


Since  I  ZY  is  complex,  the  hyperbolic  functions  of 
complex  quantities  are  required  in  solving  these  equa- 
tions. 

In  the  above  formulas,  expressed  in  hyperbolic 
language,  the  three  auxiliary  constants  A,  B  and  C 
which  take  into  account  the  "distributed"  nature  of  the 
circuit  are  represented  by  the  quantities, — 

A  =  Cosh  1   YF=  cosh  VI {53 

Z 


B  =  -I  ——sin  A  1 


ZY 


U  sinh  VI (5;) 


c  — 


sinh  I    Z)'  =  -jTsinh  VI 


Equations  (51)  and  (52)  above  may 
therefore  be  expressed  in  terms  of  the  aux- 
iliary constants,  A,  B  and  C,  as  follows: — 

(56) 
(57) 

(50) 


(53^ 


stants,  by  simply  using  a  sufficient  number  of  terms  in 
the  series.  The  rapidity  of  convergence  of  these  series 
is  dependent  upon  the  value  of  the  argument  ZV  and 
thus  upon  the  square  of  the  length  of  the  circuit  and 
frequency,  and  also,  to  a  lesser  extent  upon  the  product 
of  total  circuit  conductance  and  total  circuit  resistance. 
As  far  as  calculations  based  upon  the  more  or  less 
uncertain  values  of  the  fundamental  constants  of  the 
circuit  are  concerned,  the  use  of  three  terms  in  the 
series  expression  yields  results  in  a  300  mile  circuit 
which  are  sufficiently  close  to  the  exact  values  as  given 
by  the  use  of  hyperbolic  functions  (infinite  number  of 
terms).  In  the  case  of  shorter  circuits  two  terms  will 
give  a  high  degree  of  accuracy.  The  number  of  terms 
necessary  will  be  determined  while  doing  the  work,  for 
it  is  usual  to  figure  out  the  terms  of  the  series  until  they 

become  too  small  to  be  considered  when  added  to   — - 
y  Z 

In  Table  A'  are  given  values  for  the  auxiliary  con- 
stants (expressed  in  rectangular  co-ordinates)  illustrat- 
ing the  convergence  of  the  series  for  a  300  mile,  60 
cycle  circuit  (Problem  X),  the  complete  calculation  of 
which  will  follow. 

Table  N  shows  that  even  for  a  60  cycle,  300  mile 
circuit,  three  terms  give  sufficiently  accurate  results 
for  determining  constant  A,  whereas  two  terms  are 
sufficient  for  determining  constants  B  and  C.  This  is 
on  account  of  the  slower  convergence  of  the  hyperbolic 
cosine  series. 


TABLE  N— CONVERGENT  SERIES  TERMS  FOR  PROBLEM  X. 


E,  =  Er  A  +  I,  B 
h  =  h  A  +  E,  C 
£,.  =  E,  A  —  LB 
/,  =    h  A  ~  E.  C 


Xo.  of 
Terms 


2  -1-0, 

3  +0, 

I       4       \+o. 
!lnfinite|-|-0. 


Constant  A 


Constant  B 


Constant  C 


oooooo  -\~  J  .0.000000 
,805407  +  J  0.082057 
,810596 -fj  0.076735 
810558  -f  j  0.0768.32 
810558  -f  j  0.076831 


lOS  +  j  249 
-f  91-3788 -I- j  235.7211 
-I- 917527 -I- j  235-8678 
+  91-7486  +  j  235.8680 
-l-Qi.7^86-1- J235.8680I 


o  -t-j  0.001563 

-0.000043  -j-  j  0.001462 

—  0.000041  ■+-  j  0.001463 

—  0.000041  -j-  j  0.001463 

—  0.000041  -j-  j  0.001463 


These  three  auxiliary  constants  may  be  calculated 
by  convergent  series  as  follows : — 

;     nz^ 
24      •     720    +  40330  + 
^ ^ /r»      y  Z' 


A  = 


elc. 


-f  eU 


■] 


..  {/„) 


+  etc 


{6j) 


The  above  series  are  simply  expressions  for  the 
auxiliary  constants  as  previously  stated.  These  con- 
stants are  functions  of  the  physical  properties  of  the 
circuit  and  of  the  frequency  only,  and  not  of  the  volt- 
age or  the  current.  After  the  values  for  the  au.xiliary 
constants  have  been  calculated  for  a  given  circuit  and 
frequency  their  numerical  values  may  be  applied  di- 
rectly to  any  numerical  values  of  £  and  /  for  which  a 
solution  is  desired.  From  this  point  on,  the  perform- 
ance of  the  circuit  may  be  determined  either  by  the 
graphical  method  previously  described  or  by  mathe- 
matical calculation. 

Any  degree  of  accuracy  may  be  obtained  by  the  use 
of  convergent  series  for  determining  the  auxiliary  con- 


CALCULATION   FOR  THE  AUXILIARY  CONSTANTS  BY 
CONVERGENT  SERIES 

The  form  of  solution  and  procedure  indicated  in 
Chart  XI  for  the  calculation  of  the  au.xiliary  constants 
by  convergent  series  is  suggested  as  being  complete  and 
easy  to  follow. 

First  the  physical  characteristics  of  the  circuit  and 
the  frequency  are  stated.  These  are  the  only  features 
having  any  bearing  upon  the  value  of  the  auxiliary  con- 
stants for  a  given  circuit.  The  voltage  and  current  to 
be  transmitted  do  not  affect  these  constants.  The  re- 
sistance, reactance,  conductance,  and  susceptance  to 
neutral  per  mile  are  ascertained  from  the  tables  for  one 
conductor  of  the  circuit.  These  values  are  then  multi- 
plied by  the  length  of  the  circuit  in  miles  and  set  down 
as  total  per  conductor. 

The  values  of  Y  and  Z  must  now  be  set  down  for 
the  problem  in  the  form  of  complex  quantities.  Thus 
Z  =  R  Ar  jX  =  103  +  J249  and  Y  =  G-\-jB  =  0  + 
jo.00136^  since  zero  leakage  conductance  has  been  as- 
sumed   for  this  case.     Conductance   G   represents   the 
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true  power  loss  in  the  form  of  leakage  over  insulators 
and  of  corona  loss  through  the  air  between  conductors. 
Corona  loss  corresponding  to  the  assumed  atmospheric 
conditions  may  be  estimated  by  applying  Peek's  formula 
(See  Section  IV,  Nov.  1919,  on  Corona).  Insulator 
leakage  may  be  approximated  from  the  most  suitable 
test  data  available.  It  is  general  practice  in  the  solu- 
tion of  all  but  the  very  longest  high-voltage  circuits  to 


longest  circuits  a  total  of  four  terms  will  be  sufficient, 
and  for  most  problems  three  terms  will  give  sufficient 
accuracy.  The  range  of  accuracy  has  been  previously 
mdicated  for  a  300  mile  circuit  on  the  basis  of  any 
number  of  terms  being  used  up  to  and  including  in- 
finity. The  values  in  Chart  XI  are  carried  out  to  six 
decimal  places  whereas  four  places  will  usually  give 
sufficient  accuracy  for  calculating  the  values  of  the  con- 


•CHART  XI--  EXAMPLE 


ILLUSTRATING   RIGOROUS   SOLUTION    FOR   THE   AUXILIARY   CONSTANTS 
BY  CONVERGENT  SERIES  FOR  PROBLEM   X. 


PHYSICAL  CHARACTERISTICS 
OF   CIRCUIT  -FREQUENCY 

LENGTH,  300  MILES.  CYCLES,  60. 

CONDUCTORS- <t 000  STRANDED  COPPER. 
SPACING  OF  CONDUCTORS  10  X  10  X  20  FEET. 
EQUIVALENT  DELTA  SPACING  =  12.6  FEET. 

LINEAR    LINE    CONSTANTS 

FROM  TABLES  — PER  MILE 


TABLE    NO.  2,  r  =  .350  OHM  AT  25'  C< 
TABLE    NO.  6,  X=. 830  OHM  (BY  INTERPOLATION). 
TABLE  NO.  10  b=  5.21  X  10"^  MHO  (BY  INTERPOLATION). 
g=(IN  THIS  CASE  TAKEN  AS  ZERO). 

TOTAL  PER  CONDUCTOR 
R  =  rI  =  .350X  300  =  105  OHMS  TOTAL  RESISTANCE. 
X=xl  = -830X300  =  249  OHMS  TOTAL  REACTANCE. 
B=bl=  5.21  X  300  X  10"®  =,001563  MHO  TOTAL  SUSCEPTANCE. 
Q-gI=     0   X  300  =  0  MHO  TOTAL  CONDUCTANCE. 


MULTIPLICATION    OF    YZ 

Y    =  0         +  j  .  001563 

Z    =  10  5       1-  j  249 


- 

.  389  187  +  j 

. 1 64 1 15 

- 

.  389187  + j 
.  389187  + j 

. 1641 1 5 
.164115 

+ 

.  I  5  1466  -j 
.  026934  -  j 

.063871 
.063871 

+ 

.  1 24532  - j 
.  389187  + j 

. 127742 
.  1641  15 

+ 

.  048466  +  j 
.  020964  + j 

.020437 
.0497  15 

: 

.  027502+  j 
.  389  187  + j 

.070152 

,  1  64M  5 

+ 

.  010703  -  j 
,  0IISI3  -  j 

.0045  13 
.027302 

.0008  10  -  j 

.031815 

NOTE 
THE    AUXILIARY   CONSTANTS   OF 
THE   CIRCUIT    (A)   (  B)  A,  (C)  MAY 
BE  OBTAINED  GRAPHICALLY 
FROM    THE    WILKiNGON    CHARTS 


SOLUTION    FOR  (A) 


(AHi  +  ^  + 


(B 


40  320 

(A)=    +    •  810558  +  j   .075831 

(a|+ja2) 

=        0.8142  /5    24'  53' 


SOLUTION    FOR(B) 

)=z[  +  ^+x!z_%v^+^^] 

'       ,  |_.        6        120   ^5,040     362  880J 


5,040 
%/4,4 


.  064863  +j  ,027352 
, 001038  -  j  ,001064 
,000005  +j  .000014 
. 000000  -  J  .000000 


(B)=Zi+    ,936  17     +j.  026302) 
Z  =  I  05  +  j  249 


98.2978  +j  233.1063 
6.5492  +  j        2.7617 


(B)  = 


:    +       91.7486  +  j  235.8680 

(b,  +  j  bj) 
253.083/68' 44' 41'  OHMS 


SOLUTION    FOR  (C) 

^'        |_        6        120       5.040     362, 880_ 

(C)=    "^  ("^       93617     +j     026302) 
Y   =  0  +  i   .  001553 


(P  )=     -     .00004  1      +  j   .001463 
'^=  CC,+iC2) 


ignore  the  effect  of  the  losses  due  to  leakage  and  corona 
eflfect.  These  losses  will  be  ignored  in  this  case,  so  that 
G  becomes  zero.  After  Z  and  Y  have  been  written 
down  in  the  form  of  complex  quantities  the  product  Y Z 
should  be  found  as  previously  described  for  the  multi- 
plication of  complex  quantities.  The  second,  third  and 
ifourth  power  of  YZ  may  then  be  found,  if  desired. 
Chart  XJ  sIiow5  the  fourth  power,  but  on  all  but  the 


stants  .1  and  B.  The  sniallness  of  the  value  of  con- 
stant C  may  make  six  places  desirable  when  calculating 
its  value. 

After  the  values  of  YZ,  Y-  Z^,  F'  Z'  etc.,  have 
been  calculated  they  are  divided  by  2,  24,  720  etc.,  re- 
spectively, set  down  and  added  to  i.  This  gives  the 
value  of  the  au.xiliary  constant  A,  as  +  0.810558  -\- 
]  o.o/6Sji  which  is  also  referred  to  as  a^  -{-  ja^.     The 
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CHART  XII     AUXILIARY  CONSTANTS  OF  VARIOUS  CIRCUITS 


o 

ffi 

0| 
a. 

u.  ^ 

?l 
f-    1 
O  t 
Z   D 
uj  o 
-^  a: 
o 

CONDUOTQRS 

< 

o 

o 

2 

o 
< 

LINEAR  CONSTANTS 
TOTAL  PER 
CONDUCTOR  * 

AUXILIARY   CONSTANTS    OF   CIRCUIT 

THESE  AUXILIARY  CONSTANTS  TAKE  INTO  ACCOUNT  THE  EFFECT  OF   DISTRIBUTED 
CAPACITANCE  .  THEY  HAVE  BEEN  CALCULATED  RIGOROUSLY  BY  CONVERGENT  SERIES 
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ply by  10-°  to  convert  to  ohms).  The  .r  and  b  values  for  the  636000  circ.  mil  alumintmi  cable  were  taken  as  those  of  700000. 
circ.  mil  copper  on  the  assumption  that  these  two  conductors  would  have  approximately  the  same  diameter,  gl,  the  loss  result- 
ing from  leakage  over  insulators  and   from  corona  has,  for  simplicity,  been  assumed  as  zero. 
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absolute  value  of  the  constant  A  =  o.8I4^  is  simply  the 
square  root  of  the  sum  of  the  square  of  a^  and  a„.  The 
polar  value  of  A  is  thus  0.8142  /5°  24'  53". 

The  solution  for  the  constant  5  is  of  the  same 
general  form  as  the  solution  for  the  constant  .-],  except 
that  the  values  of  YZ,  Y^  Z^,  and  Y^  Z^  etc.,  are  divided 
by  6,  120  and  3040  respectively.  After  these  results 
are  added  to  /  they  are  multiplied  by  Z,  the  product  be- 
ing the  value  of  the  auxiliary  constant  B  or  b^  -{-  jb.^. 
The  absolute  value  of  B  is  obtained  in  the  same  manner 
as  the  absolute  value  of  A. 

The  solution  for  C  is  the  same  as  for  B  except  that 
ir  place  of  the  constant  B  series  being  multiplied  by  Z 
it  is  multiplied  by  Y  and  the  values  of  C  or  i\  -j-  ic„ 
obtained. 

AUXILIARY    CONSTANTS   OF   VARIOUS    CIRCUITS 

In  Chart  XII  are  tabulated  exact  values  for  the 
auxiliary  constants  for  the  64  problems  to  which  fre- 
quent reference  will  be  made.  These  auxiliary  con- 
stants have  been  calculated  by  convergent  series,  the  re- 
sults having  been  checked  through  the  medium  of  three 
separate  calculations  made  at  different  times.  They 
are  therefore  believed  exact  to  at  least  five  significant 
digits.  The  results  have  been  expressed  in  both  rec- 
tangular and  polar  co-ordinates. 

CALCULATIONS  OF  PERFORMANCE 

In  Chart  XIII  is  given  the  complete  calculation  of 
the  electrical  performance  for  problem  A',  starting  with 
the  values  for  the  auxiliary  constants  and  the  receiving 
end  load  conditions  known.  The  calculations  are  car- 
ried out  by  the  employment  of  complex  numbers,  the 
complete  performance  being  calculated  for  both  load 
and  zero  load  conditions.  In  order  to  give  a  more  clear 
understanding  of  these  mathematical  operations  the 
reader  is  referred  to  the  vector  diagrams  of  Fig.  37. 

In  Chart  XIII  are  given  the  formulas  for  detennin- 
ing  the  £s  and  /g  values  under  load  conditions.  On 
Fig.  37  these  two  same  formulas  are  given,  but  in  the 
form  of  vector  diagrams,  upon  which  vectors  the 
numerical  values  corresponding  to  problem  A'  are  stated. 
With  the  numerical  values  of  the  vectors  and  angles 
stated,  it  should  be  a  comparatively  simple  manner  to 
follow  graphically  (Fig.  37)  the  mathematical  calcula- 
tions shown  in  Chart  XIII. 

The  formulas  for  £5  and  1^  which  are  stated  in 
Chart  XIII  and  in  Fig.  37  contain  a  complex  number 
(Cos  B^  .-  j  sin  *r)  not  previously  stated  in  connection 
with  the  fundamental  hyperbolic  formulas  for  long  cir- 
cuits. The  formulas  previously  given  were  based  upon 
unity  power-factor.  The  introduction  of  this  new  com- 
plex number  is  made  necessary  in  order  that  the  effect 
of  the  power-factor  of  the  load  current  may  be  included 
in  the  calculations.  The  function  of  this  new  complex 
number  is  to  rotate  the  current  vector  through  an  angle 
corresponding  to  the  power-factor  of  the  load  current. 
It  will  be  referred  to  as  the  rotating  triangle.  If  the 
load  power-factor  is  100  percent,  this  rotating  triangle 


will  equal  /  -;  /  0,  hence  it  has  no  effect  or  power  to 
rotate.  If  the  power-factor  of  the  load  is  80  percent 
the  rotating  triangle  would  have  a  numerical  value  of 
0.8  ^-   j  0.6. 

The  various  phase  angles  given  in  Chart  XIII  show 
whether  the  power-factor  at  the  supply  end  is  leading 
or  lagging.  These  various  phase  angles  are  given  to 
make  the  discussion  complete.  Actually,  in  ordf-  to 
determine  whether  the  power-factor  at  the  sujiply  end  is 
leading  or  lagging,  it  is  only  necessary  to  note  if  the 
supply  end  current  vector  leads  or  lags  behind  the 
supply  end  voltage  vector.  At  the  lower  end  of  Fig.  37 
combined  current  and  voltage  vectors  are  shown  for 
this  problem,  corresponding  to  both  load  and  zero  load 
conditions. 

In  Chart  XIV  is  given  a  complete  calculation  of  the 
electrical  performance  of  problem  A',  starting  with  the 
values  for  the  auxiliary  constants  and  the  sending  end 
load  condition  known.  In  other  words  the  supply  end 
conditions  which  were  derived  by  calculation  in  Chart 
XIII  have  in  this  case  been  assumed  as  fixed,  and  the 
receiver  end  conditions  calculated.  The  reason  that 
there  is  a  slight  difference  between  the  receiving  end 
conditions  as  calculatd  on  Chart  XIV  and  the  known 
receiving  end  conditions  is  that  the  value  for  the  sine 
in  the  rotating  triangle  (0.436)  in  Chart  XIII  was  car- 
ried out  to  only  three  places,  whereas  in  Chart  XR'  it 
was  carried  out  to  four  places.  If  the  values  for  the 
rotating  triangles  had  been  carried  out  to  five  or  six 
places  in  the  calculations  in  both  charts,  the  receiving 
end  conditions  would  have  checked  exactly. 

TERMINAL  VOLTAGES  AT  ZERO  LOAD 

For  a  given  circuit  and  frequency,  the  relation  of 
the  voltage  at  the  two  ends  of  the  circuit  is  fixed.  The 
ratio  of  sending  end  to  the  receiving  end  voltage  is  ex- 
pressed by  the-  constant  A.  The  ratio  of  receiving  to 
sending  end  voltage  is  expressed  by  -^  .  For  example, 
problem  A',  the  sending  end  voltage  under  load  is  70652 
volts.  If  the  load  is  thrown  off',  and  this  sending  end 
voltage  is  maintained  constant  at  70632  volts,  the  re- 

70  652 

ceivin?  end  voltage  will   rise  to  a  value  of       „-— - 
^  •-  O.0I42 

86775  ™lts  to  neutral.     The  rise  in  percent  of  sending 

100  X  86775  —  70652 


end    voltage    is    therefore  ■rnf,'-^  ^ 

22.82  percent. 

PERFORMANCE   OF  VARIOUS   CIRCUITS 

In  Chart  XV  is  tabulated  the  complete  performance 
of  the  64  problems  for  which  the  auxiliary  constants 
are  tabulated  in  Chart  XII.  The  auxiliary  constants 
in  Chart  XII  were  applied  to  the  fixed  load  conditions 
as  stated  in  Chart  XV  for  the  receiving  end,  and  both 
load  and  zero  load  conditions  at  the  sending  end  were 
calculated  and  tabulated. 

The  object  of  calculating  and  tabulating  the  values 
for  the  64  problems  was  two  fold.  First  to  obtain  data 
I  in   25   and  60  cycle  problems   covering  a   wide   range 
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CHART  XIII— RIGOROUS  CALBULATION  OF    PERFORMANCE  WHEN  RECEIVING  END  CONDITIONS 

ARE    FIXED 


P  Fr  =  90.0  0  »,  LAGGING  . 


(C)  = 


-  .0000.11- 
.001464    V 


■  =99.9J  AMPERES. 


KV-Ah-is  000.  .KWr=i62oo.  Er=io->  000  volts  3  phase. 

PER  PHASE  TO  NEUTRAL 

KV-AR,=  ^fo^eooo.  KWR,=  ^  =  5aoo.  Ep^=^^  =  60  046.  !„  = 
AUXILIARY   CONSTANTS   OF   CIRCUIT 

(A)=  ..SlO'iSS^j. 076831  (  B)=  -9  1.7486  *i  236.868 

(ai^i^s)  =         (b,  M  bj) 

=      .8142  /s    24   53'  =  253.083    /68'44   4i-  qhMS 


SOLUTION    FOR    E, 


LOAD     CONDITIONS 


SOLUTION    FOR     L 


Es=ER(a.-ia2)+lR('^o^0RtjSiN0R)(b,*,b2)*  ls=  Ir  (=osor  =  ,siNOR)(a, -,  a^)  +  E,(;, -.Cj)* 

•  i  THIS  SIGN  IS  MINUS  WHEN  THE  P.  F.  IS  LAGGING  AND  PLUS  WHEN  THE  P.  F.  IS  LEADING 
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(a,+ja2) 
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810658  +  j.076831 

^  Ern 
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+ 
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''Ir 
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99.92 
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»   76  240      -  j  28  399 

8251   ^ 
10274  ■ 


21212 
I     3997 


|p.{coseR-jSiNOR)  (b,  *-jb2) 


-SN 


=  +   18525  -I-  j  17215 
=  4-   48671  +  j  4613 

■-     ^       67196  *  j  21828 

^167 1  96 1^+12  I  8281^   ■ 
■  70  652  VOLTS  TO  NEUTRAL 


|p(cos6R-jsiN0R)(a,-ja2)  = 

(Ci'jCj)   = 

'*■  Ern   = 

I  ERN(C|  +  iC2)    =  -2.462        »,  87.85 

Si+ip  (cosoR-jsiNOR)(a|'ja,)  =  * ^6.24o     - ,  23.399 

Ic    =  t  73.778        +  I  59.45  1 


.000041  *  1^)01463 
60046 


=  lf(73.778l'^+  159.451 
L  =  94.75  AMPERES. 


EFFICIENCY  = 

PF     _6  25 


5  400  X  I  00 


6  255  • 

=  93.42%  LEADING  . 


KW     =  (67.1  96  X  73.778) +  (2  1.828  X  69.45  I)  =  6.255  KW  PER  PHASE. 
KV-A     =  (70.652  X  94.76)  =  6  694  KVA  PER  PHASE. 
LOSSfJ=  6255  -  5400  =  856  KW  PER  PHASE. 

PHASE    ANGLES—  at  ""ull  load  the  voltage  at  the  sending  end  leads  the  voltage  at  the  receiver  end  by  the  angle 

TAN"'  |y^  =  TAN" '.325  =  18°  00'.  AND  THE  current  AT  THE  SENDING-END  LEADS  THE  VOLTAGE  AT  THE   RECEIVING -END  BY  THE  ANGLE 

TAN"' ||=|yj  =  TAN"'.806  =  38°52'.    HENCE  THE  CURRENT  AT  THE  SENDINQ-ENO  LEAcJs  THE  VOLTAGE  AT  THE   SENDING-END  BY  THE  ANGLE  38*52 

-ANGLE  I8'00'  =  20°52'.    THE  POWER- FACTOR  AT  THE  SENDING-END  IS  THEREFORE  COS  20' 52' =  93.42%  LEADING  AT  LOAD  SPECIFIED. 


=48671  * J4613 


ZERO    LOAD     CONDITIONS 

=    -    2.462-J87.85  KWsNO   =  "'^•^^"' "  ^■•*"' * 


14.613  X  87.851  =  285.43  KW  PER  PHASE. 


=  yi4867 1)^-4146 1  31' 
E<;Nn=     -18  389  VOLTS. 


=  y  (-  2.462)^*87. 851' 
|„_  =     87.89  AMPERES. 


KV-AsNO^"'''^^   X   87.89   =4  297  KVA  PER  PHASE. 
PFso        =    ^^%^^  =  6.64%  leading: 

REGULATION 

ARISE  IN  VOLTAGE  AT  THE   SENDING    END  OCCURS  OF  70  652-48  889  =  21   763  VOLTS  TO  NEUTRAL  WHEN  THE  LOAD  IS  INCREASED 
FROM  ZERO  TO  99.92  AMPERES  AT  90%  POWER  FACTOR  LAGGING  AT  THE  RECEIVER  END  WITH  CONSTANT  VOLTAGE  AT  THE  RECEIVING  END. 

PHASE    ANGLES 

AT  ZERO  LOAD  THE  VOLTAGE  AT  THE  SENDING-END  LEADS  THE  VOLTAGE  AT  THE  RECEIVER  END  BY  THE  ANGLE  TAN"'    ^i^Tt " 


TAN(-36.7).=9r36'-HENCETHE  CURRENT  AT    THE  SUPPLY  END  LEADS  THE  VOLTAGE  AT  THE  SUPPLY  END  BY  THE  ANGLE  I9l '  36'1-I5'25  I 
86°ll.    THE  POWER    FACTOR  AT  THE  SENDING-END  IS  THEREFORE  COS  86'l  r=6.64%  LEADING  AT  ZERO  LOAD. 


which  would  provide  a  basis  for  constructing  curves, 
illustrating  the  effect  that  distance  in  transmission  has 
upon  the  performance  of  circuits  and  upon  the  auxiliary 
constants  of  the  circuit.  Second,  to  give  the  student  a 
wide  range  of  problems  from  which  he  could  choose, 
and  from  which  he  could  start  with  the  tabulated  values 
a-  fixed  at  either  end  and  calculate  the  conditions  at  the 


other  end.  It  is  believed  that  such  problems  will  fur- 
nish veiy  profitable  practice  for  the  student  and  will 
also  serve  as  a  general  guide  when  making  calculations 
on  problems  of  similar  length  and  fundamental  or  lineal 
constants.  It  is  not  intended  that  the  figures  given  for 
longer  circuits,  included  in  these  tabulations,  shall  coin- 
cide with  ordinary  conditions  encountered  in  practice. 
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CHART  XIV-RIGOROUS  CALCULATION  OF  PERFORMANCE  WHEN  SENDING  END  CONDITIONS 

ARE    FIXED 


KV- As  =  2"  082. 

PER  PHASE  TO  NEUTRAL 


KW, 


KV-A,m'^^^^-^  =  6  694.     KWe^,=  '-^4^  = 


AUXILIARY   CONSTANTS   OF  CIRCUIT 

(A)=  *■  ■8'0558+  ,.0768  31  '8)=  -tS  1.7486  *j  235.868 

(a,* 1 82)  =         fb,  *,  bj) 

=       ,.SI42     .    'i'  24'  'j'S  =  253.0f,l/68    44'4|-nHMS 


Es=  I  22  369  VOLTS  3  PHASE 
EsN=^Mf  =  70  652.     Is^ 

(C)=- 


PF, 


93  4  2%    LEADING  . 


.000041  f  j. 001463 
(C,     ^jCj) 

.001464      •    9  1"  36   18'  Mho 


SOLUTION    FOR   Ep 


LOAD     CONDITIONS 


SOLUTION    FOR    I, 


ER=Es(ai';a:)-ls('^°^«s-.siNe3)(b,.^b2)*  Ir=  ls(°°ses  i,  sin  Oj)  (a, .  .aj) -EsCCi'-Cj)* 

*  ±    THIS  SIGN  IS  MINUS  WHEN  THE  P.  F.  IS  LAGGING  AND  PLUS  WHEN  THE  P.  P.  IS  LEADING 


.- 

8  10558  <■ 
70652 

.076831 

E3N(ai^ja2)  = 

* 

57268      t 

6428 

(cos  65-,  SIN  65)   = 

4 

.9342      1- 
94  .  1:. 

.3567 

Is  (COS  83  *j  SIN  63^    = 

"  (bi-jbj)  = 

4. 

88.52  * 
91  . 75  + 

33.8  * ^ 

235.9 

* 

8  122  •>■ 
7973  y 

23882 
310  1 

l3(coses-,siNes){b,  v.bs)  = 

^ 

149  + 

23983 

EsN(ai-ja2)  = 
— 13(00863  *  J  SIN  es)(b,.+ J  b2) 

*" 

5V25B  * 
149  -J 

5428 
23983* 

Ern  = 

^ 

57119    - 

IB655 

ss)   = 


(a,*,  82) 


88.52         -,  ,  33  .8 
.8  10558*  ,  .076831 


71.751       +j     6.801 
2.597       +  I  27.397 


.  I3  (cos93*jsiNeg)(a| -jaj)   =  +69.154    +j  34.198 

(C|+jC2)=    -.000041     (.j.OOI46o 
X  Eqn   =         70552 


EsN(0|*i02)    =      -2.897  f  j    103.36 

>»|3  (coseg +jSiN03)(a|*ja2)  =  +69.154  +j     34.20 

CHANGE  SIGNS  AND  ADD >•- EsN  (0|  *  J  C2)  =   +    2.897  -j    103.36 

Ir  =       72.05  1  -  J      69.16 


y(57  1l9l'  +118555)^ 
Erm  =  60  067  VOLTS  TO  NEUTRAL. 

KW     =  (57. 119X72.06  I) +  (18.555  X  69. 16)  =  6  399  KW  PER  PHASE. 

RN 
KV-A     =  (60.057  X  99.871  =  5  998  KVA  PER  PHASE  . 

RN 
LOSS«r  8  255-6  399  =  856  KW  PER  PHASE. 


PF„ 


5  998 

EFFICIENCY" 


'r 

90.01%  LAGGING. 

1^  =  86.32%. 


=  'f(72.05ll^    +    109  16  1- 
=  99.87  AMPERES. 


PHASE     ANGLES  at  full  load  the  voltage  at  the  receiver  end  lags  behind  the  voltage  AT  THE  SENCING-END  BY  THE 

)655 


ANGLE  TAl 
ANGLE  TAN' 


=  TAN"   .325  =  18   0';  AND  THE  CURRENT  AT  THE  RECEIVER  END  LAGS  BEHIND  THE  VOLTAGE    AT  THE  SENDINC-END  BY  THE 
=  TAN" '.959  =  43' 50'.  HENCE  THE  CURRENT  AT  THE  RECEIVER  END   LAGS  BEHIND  THE  VOLTAGE  AT  THE  RECEIVER  END  EY  THE 


,-l  69.16 
72.06  1 
ANGLE  43°  60' -ANGLE       I  8' 0' =  25' 50'.    THE  POWER-FACTOR  AT  THE  RECEIVER  END  IS  THEREFORE  COS  25"50'  =  90%   LAGGING. 


ZERO     LOAD     CONDITIONS 


.  EsNol^l     1^2)  _  48  898(.8I0S6-)  .076831)  _  39635 -J  3757 


-^^^  (a?'^a2)  ..81066)2  +  1.07683 

I      _p       (cia,  *Coa2)+-i(c2ai-C|a2') 

!so  -^sNo^ — (iftiiy^ = '' ' 

|„„  =  48  898  l*-00P0792+J. 001189  1^ 


59  790  -  j  5667  =  60  058  VOLTS. 
(l-.00004IX.81056)  +  I.OOI463X-07683  1l)+j(i.OOl463X.8i056  '-.-.0000  4  1  X.C7683I  )) 


.000119+ j. 0017941  =  48 


.6629 
.00  1798  =  87.92  AMPERES. 


REGULATION 

ARISE  IN  VOLTAGE  AT  THE  SENDING- END  OCCURS  OF  70  652-48  898  =  21   764  VOLTS  TO    NEUTRAL  WHEN  THE  LOAD  IS  INCREASED 
FROM  ZERO  TO  99.87  AMPERES  AT  90.O  1%  POWER  FACTOR  LAGGING  ATI  THE  RECEIVER  END  WITH  CONSTANT  VOLTAGE  AT  THE  RECEIVING  END 

PHASE    ANGLES 

AT  ZERO  LOAD  THE  VOLTAGE  AT  THE  RECEIVER  END  LAGS  BEHIND  THE  VOLTAGE  AT  THE    SENDiMG-END  BY  THE  ANGLE 
TAN"'    ^^gygQ=TAN~'      .0948  =  5  25  ;  AND  THE  CURRENT  AT  THE  SENDING-END  LEADS  THE  VOLTAGE  AT  THE   SENDING-END   BY  THE  ANGLE 
^*'^"   !000li9  ""CAN"'  15.08  =  86  11.    THE  POWER-FACTOR  AT   THE  SENDING-END  IS  THEREFORE  COS  86'ir  =6.64%  LEADING  ATZERO  LOAD. 
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CHART  XV-CALCULATED    PERFORMANCE   OF  VARIOUS  CIRCUITS 
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LOAD     CONDITIONS 

ZERO     LOAD 

KV-A 
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Er 

3  PHASE 
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KV-A 
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KW 
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KV-A 
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The  above  pcrl'onnaiicc.-;  arc  liascd  upon  values  for  the  auxiliary  constants  as  given  on  Chart  XII. 
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UCH  WORK  has  been  done  by  various 
experimenters  on  the  resistance  of  insulating 
materials  under  different  conditions  of  tem- 
perature, humidity,  etc.  Considerable  time  is  required 
tc'  make  observations  of  this  kind  since  the  establishment 
of  conditions  of  equilibrium  is  ordinarily  a  slow  pro- 
cess. The  most  troublesome  factor  is  that  of  moisture 
content  of  the  materials.  Since  moisture  content  is 
affected  both  by  humidity  and  temperature,  it  was  de- 
cided to  show  the  effect  of  its  removal  by  vacuum  and 
heat  treatment,  on  the  conductivity  of  some  insulating 
materials. 

The  method  ordinarily  employed  in  measuring 
volume  resistance  of  insulating  materials  is  to  make  the 
measurements  between  mercury  electrodes  provided 
with    a    guard    ring.     This    method    of    testing    during 


'•'III.    I — ni.\GR.\M   OF  EQUIPMENT  FOR  VACUUM    .\XU   HEAT 
TREATMF.NT 

vacuum  and  heat  treatment  is  clearly  not  suitable  be- 
cause of  the  evaporation  of  the  mercury.  Further- 
more, the  mercury  would  prevent  the  ready  escape  of 
entrapped  air  and  moisture.  To  obviate  these  difficul- 
ties finely  powdered  graphite  was  tried  for  making  con- 
tact between  brass  electrodes  and  the  specimen,  and  this 
method  proved  not  only  suitable  but  better  than  mer- 
cury contact. 

The  preparation  of  the  sample  and  the  method  of 
making  contact  between  the  sample  and  the  electrodes 
may  be  described  as  follows  :^The  sample  a,  Fig.  i  is 
a  circular  sheet  of  insulating  material  3.5  inches  in  dia- 
meter. On  the  upper  side  of  this  sheet  two  cylindrical 
micarta  rings  b  and  c  are  fastened  coaxially  with 
shellac.  These  micarta  rings  are  1.75  and  3  inches  in- 
side diameter  and  one  inch  high  with  %  inch  walls. 
The  lower  electrode  d  was  a  circular  brass  disc  four 
inches  in  diameter,  so  machined  as  to  form  a  shallow 
tray    1/16    inch    deep.      This    tj-ay    is    filled    with    the 


Comp.Tiiy 

powdered  graphite  and  leveled  to  the  rim  of  the  tray 
with  a  straightedge.  The  lower  surface  of  the  sample 
i"  rubbed  with  powdered  graphite  with  a  soft  brush  and 
is  then  placed  directly  on  the  layer  of  graphite.  The 
surfaces  beneath  the  upper  electrode  and  the  guard 
ring  are  likewise  rubbed  with  powdered  graphite  and 
then  sprinkled  with  the  graphite  until  the  surfaces  are 
entirely  covered.  The  upper  electrode  e  and  the  guard 
ring  /  are  then  put  upon  the  graphite  and  pressed 
firmly  into  place.  The  resistance  of  the  graphite,  four 
or  five  ohms,  is  entirely  negligible  in  comparison  with 
that  of  the  specimen.  This  method  of  making  contact 
with  the  specimen  is  particularly  suitable  for  observing 
the  effect  of  heat  and  vacuum  treatment  on  insulating 
materials  because  of  the  readiness  with  which  gases 
;ind  water  vapor  escape  through  the  powdered  graphite. 
Fig.  I  also  shows  a  diagram  of  the  vessel  in  which 
the  sample  is  given  vacuum  and  heat  treatment.     A  is 


Ground 

I  l(-,.    2 — THE    ELECTHICAI.    CONNF.CTIONS 

an  iron  cylinder  about  six  inches  m  diameter  and  five 
inches  high.  The  upper  end  is  closed  by  the  brass  plate 
L!  fitted  with  a  rubber  gasket.  The  leads  to  the  guard 
img  and  upper  electrode  are  brought  out  through  the 
ground  glass  stopper  E.  The  lower  electrode  is  in  elec- 
trical connection  with  the  plate  B.  A  thermocouple  for 
measuring  the  temperature  at  the  under  surface  of  the 
sample  is  brought  out  through  the  glass  stopper  F.  The 
vessel  is  exhausted  by  a  mercury  diffusion  pump  con- 
nected at  G.  The  specimen  is  conveniently  heated  to 
any  desired  temperature  by  placing  the  vessel  on  a  small 
electric  stove.  The  electrodes  are  so  suspended  from 
the  top  co\er  that  the  lower  one,  of  considerable  mass, 
rests  upon  the  bottom  of  the  vessel  and  insures  a  fairly 
even  distribution  of  heat  to  the  specimen.  Water  flow- 
ing through  a  copper  tube  soldered  to  the  cylinder  near 
the  top  prevents  excessive  heating  of  the  gasket  and 
ground  joints. 

The  electrical  connections  for  direct-current  resist- 
ance measurements  are  shown  in  Fig.  2.  The  galvano- 
meters R  and  HS  have  a  sensntivitv  of    =   X   in'    am- 


158 


THE   ELECTRIC  JOURNAL 


\o\.  XVII,  No.  4 


peres  and  i  X  lo  "  amperes  respectively.  The  circuit 
is  provided  with  a  universal  shunt  so  that  from  /  to 
O.OOOI  part  of  the  total  current  can  be  measured  by 
either  of  the  galvanometers.  A  megohm  resistance 
protects  the  galvanometers  and  is  used  in  their  calibra- 
tion vk'hen  the  sample  is  short-circuited  and  a  small 
known  electromotive  force  is  applied  between  A  and  B. 
With  the  switch  C  thrown  on  B  and  the  switches  D  and 
E  closed  and  the  double-pole  double-throw  switch  F 
thrown  to  the  shunt,  the  conduction  current  can  be  read 
from  the  steady  deflection  of  either  galvanometer. 

When  the  current  through  the  sample  is  too  small 
to  produce  a  noticeable  deflection  of  the  galvanometer 
HS,  the  switch  F  is  thrown  directly  to  the  galvano- 
meter and  switch  £  is  opened.  The  condenser  of  0.3 
microfarads  capacity  is  then  charged  by  snapping  the 
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FIG.    3 — THE   EFFECT  OF   GRAPHITE   AND    MERCURY    CONTACTS    ON 
C0N1)L"CTI\  ITV    .VI  KASUREMENTS 

Kempe  key  D  into  the  insulate  pof.ition  for  a  given  time. 
'1  he  condenser  is  then  discharged  through  the  galvano- 
meter ballistically  by  snapping  the  Kempe  key  into  the 
discharge  position.  By  calibrating  the  galvanometer 
b)  known  quantities  of  electricity  the  current  passing 
through  the  sample  can  be  determined. 

Tests  on  several  samples  of  insulating  materials 
with  mercury  and  graphite  contacts  were  made.  In  all 
cases  better  contact  was  made  with  graphite  than  with 
mercury.  This  is  clearly  shown  by  the  curves  in  Fig. 
3  This  better  contact  is  probably  due  to  the  fact  that 
graphite  fills  the  irregularities  of  the  surface.  In  the 
case  of  mercury,  air  is  no  doubt  entrapped  in  the^t  ir- 
regularities because  of  the  surface  tension  of  the  mer- 
cury and  thus  the  effective  area  of  the  electrodes  i=;  de- 
creased. 

The  materials  tested  in  this  work  include  fishpaper 


(untreated),  paraffined  fishpaper,  fullerboard,  and 
bakelite  micarta.  These  were  all  of  sheet  material  of 
varj'ing  thickness.  The  effective  area  of  each  sample 
was  the  same,  being  12.5  sq.  cm.  To  avoid  the  posST- 
bility  of  spark  discharge  at  the  reduced  pressure  the 
testing  voltage  was  kept  at  400  volts  which  is  below  the 
critical   sparking  potential  for  air. 

The  procedure  carried  out  in  testing  these  materials 
was  as  follows: — 

I — Observation  of  decay  current  with  time  of  applica- 
tion of  voltage.  This  decay  of  current  is  common  to  all 
of  the  better  insulating  materials.  In  the  poorer  materials 
it  is  more  or  less  masked  by  the  true  conduction  current, 
in  which  case  the  current  almost  immediately  reaches  a 
steady  value. 

2 — Change  of  current  with  time  of  vacuum  treatment. 
By  vacuum  treatment  moisture  was  removed,  and  the  cur- 
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FIG.    4 — COXDLCTIVITV   OK    UNTREATED    FISH    PAPER,  0.012 
INCH    THICK 

In  Figs.  4,  5,  7  and  S,  curves  /  and  2  are  plotted  against: 
time;  curves  j,  4  and  5  against  temperature. 

rent  which  is  affected  thereby  was  correspondingly  de- 
creased. In  general,  if  the  material  was  loose  and  porous- 
the  moisture  was  readily  removed  and  the  conduction  cur- 
rent was  greatly  lowered  with  time  of  vacuum  treatment. 

3 — Observation  of  change  in  current  when  the  specimen' 
was  subjected  to  heat  treatment  in  addition  to  vacuum- 
treatment.  In  all  cases  the  heating  was  done  at  the  same 
rate  up  to  a  maximum  temperature  of  105  degrees  C.  Dur- 
ing this  process  two  results  were  noticed,  (a)  The  current' 
was  increasing  greatly  due  to  a  temperature  effect  on  the 
moisture  in  the  material,  (b)  The  moisture  was  continu- 
ally being  vaporized  and  removed  by  vacuum  treatment. 
The  effect  of  the  latter  was  to  lower  the  current  until  its 
final  value  was  a  very  small  part  of  the  initial  value. 

4 — Repetition  of  current  temperature  curves  until  ''ic 
materials  become  stable  during  heat  and  vacuum  treatment. 

Fig.  4  shows  the  results  obtained  for  fish  paper  (un- 

tieated),  0.012  inch  thick.     Curve  /  shows  the  decay  of 

current  over  a  period  of  thirty  minutes.     The  rate  of 

decay    indicates    that    the    steadv    value    would    not    be 
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reached  for  several  hours.  At  the  end  of  thirty 
minutes,  vacuum  treatment  was  begun  and  continued 
for  about  two  hours.  Curve  2  shows  the  effect  of  the 
vacuum  treatment  on  the  conductivity,  whicli  is  reduccvl 
to  a  small  part  of  its  original  value.  At  this  point  dry 
air  was  let  into  the  system  and  allowed  to  stand  over 
night.  Measurements  on  the  following  morning 
showed  that  considerable  curing  action  had  taken 
place  in  the  dry  air  during  the  night.  After  pumping 
to  a  good  vacuum  the  specimen  was  given  vacuum  and 
heat  treatment.  Curve  5  shows  a  large  increase  of  con- 
ductivity, reaching  a  maximum  at  about  93  degrees  C, 
after  which  the  curing  action  greatly  decreases  the  con- 
ductivity. The  effect  on  the  conductivity  of  the  first 
repetition  of  vacuum  and  heat  treatment  is  shown  by 
curve  4  whose  scale  of  ordinates  is  shown  at  the  right. 
Three  further  repetitions  shown  by  curve  5  indicates 
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FIC.    5 — CONDUCTIVITY   OF   PARAFFINED   FISH    PAPER   O.OIS 
INCH    THICK 

that  the  conductivity  has  become  stable  with  change  of 
temperature  at  a  slightly  lower  value  than  given  by  the 
first  repetition  in  curve  4. 

Fig.  5  shows  the  results  obtained  with  paratfined 
hsh  paper,  0.015  inches  thick.  The  decay  curve  /  is 
different  from  what  is  ordinarily  obtained,  having  an 
entirely  different  change  of  slope.  It  would  have  been 
interesting  to  have  observed  this  decay  over  a  longer 
period  of  time  had  it  not  been  that  the  next  step  in  the 
treatment  had  taken  place  before  this  phenomenon  had 
come  to  attention.  Curve  2  shows  that  except  for  a 
short  period  at  the  beginning,  moisture  is  removed  with 
difficulty  from  this  sample.  In  fact  it  is  difficult  to 
tell  whether  or  not  curve  2  might  have  been  simply  the 
continuation  of  curve  /.  Undoubtedly  the  treatment 
with  paraffin  tends  to  entrap  the  moisture  in  the  ma- 
terial, preventing  its  ready  escape.  Curve  5  plotted  on 
a  scale  reduced  ten  times  shows  enormous  increase  of 
conductivity    with    vacuum    and    heat    treatment.     A 


maximum  conductivity  was  obtained  at  50  degrees  C, 
which  is  in  the  neighborhood  of  the  melting  point  of 
paraffin.  The  decreasing  part  of  this  curve  shows  the 
form  usually  obtained  during  vacuum  treatment. 
When  the  temperature  has  reached  105  degrees  the  con- 
ductivity is  not  greatly  above  that  at  the  beginning  of 
heat  treatment.  Curve  4  was  obtained  after  the  sample 
had  stood  over  night  in  dry  air,  by  repeating  the  vacuum 
and  heat  treatment.  This  curve  also  shows  a  maximum 
conductivity  at  about  99  degrees  C,  indicating  that  the 
curing  action  had  not  been  complete. 

Two  further  repetitions  of  vacuum  and  heat  treat- 
ment gave  results  quite  different  from  curve  4.  Upon 
further  treatment  the  material  suddenly  underwent  a 
change,  giving  much  larger  changes  of  current  with 
temperature,  but  again  reached  steady  conditions,  as 
shown  by  Fig.  6  for  three  further  successive  repetitions. 
The  conductivity  when  cold,  however,  was  not  greater 
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than  previously.  This  behavior  is  no  doubt  due  in  some 
way  to  the  melting  of  the  paralfin  with  which  the  fish- 
paper  was  impregnated. 

Fig.  7  shows  the  results  obtained  with  fuUerboard 
(untreated)  0.030  inch  thick.  Curve  /  shows  that  the 
decay  curve  reaches  an  almost  steady  value  after  one 
hour.  Curve  2  shows  that  moisture  is  readily  removed 
from  this  porous  material,  vacuum  alone  reducing  the 
conducti\ity  to  a  small  part  of  the  original  value. 
Curve  J,  the  \  alue  of  the  ordinates  being  given  at  the 
right,  shows  that  heat  treatment  after  vacuum  treat- 
ment has  a  minor  eifect.  Thfere  is,  however,  a  decided 
maximum  at  about  60  degrees  C  after  which  the  con- 
ductivity decreases  due  to  the  given  treatment.  The 
minimum  also  obtained  at  90  degrees  C  in  this  curve 
i-^  due  to  true  temperature  rise  after  the  curing  of  the 
material.  Curve  4  is  for  the  first  repetition  after  stand 
ing  in  the  usual   way.     Curve  5  is   for   further  repeti 
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tions  and  the  results  show  that  the  material  has  reached 
a  steady  state  under  heat  and  vacuum  treatment. 

Fig.  8  shows  the  results  obtained  with  bakelite 
micarta,  0.015  m  thick.  A  slow  change  of  current  with 
time  is  shown  by  curve  1.  This  material  is  rather  hard 
and  closely  pressed.  That  moisture  is  removed  rather 
slowly  is  shown  by  curve  2,  considerable  change  ?till 
taking  place  after  104  minutes.  Curve  j  with  values  of 
the  ordinates  as  shown  at  the  right,  shows  enormous 
evolution  of  moisture  and,  probably,  solvents,  the  con- 
ductivity reaching  a  maximum  at  about  92  degrees  C. 
After  this  temperature  is  reached  the  conductivity  de- 
creases, due  to  the  curing  of  the  material.  At  108  de- 
grees C  the  heater  was  disconnected  and  the  sample  was 
allowed  to  cool.  The  lower  part  of  the  curve  shows  the 
decrease    of    conductivity    with    temperature.     After 


—34 

\, 

\ 

\l 

-30 

—  28 

—  56 
-24 
—22 
—20 
— 18 

-16 

f 

T 

B 

\ 

\^ 

30  - 

_~^ 

rt^ 

_ 

"1 

A 

• 

r 

\ 

1 

/, 

\ 

/ 

■7 

// 

/ 

y 

'/ 

V? 

/ 

\ 

/ 

\ 

/ 

' 

\ 

\ 

/ 

/ 

^ 

.^ 

^ 

^ 

' 

■  -26 

1 

40- 

JMinu 

les-T 

impel 

?ture 

a 

100 

1 

120 

1 

FIG.    7 — CONDUCTIVITY  OF   UNTREATED   FULLERIIOARD  O.O3O 
INCH    THICK 

Standing  in  the  usual  way  over  night  there  was  no 
further  increase  of  conductivity  with  temperature  up  to 
108  degrees  but  on  the  contrary  a  small  decrease.  I'his 
indicates  that  the  curing  action  was  still  going  on  and 
that  the  temperature  effect  was  practically  negligible 
with  the  instruments  used. 

Enough  work  was  done  to  realize  that  the  sensi- 
tivity of  the  apparatus  used  was  scarcely  sufficient. 
The  effect  of  the  treatment  given  made  the  conduc'.ivity 
of  the  materials  so  small  that  at  room  temperature  it 
was  measurable  only  with  difficulty  and  great  accuracy 
could  not  be  depended  upon.  Suffice  to  say  that  the 
smaller  currents  were  not  larger  than  recorded,  though 
how  much  smaller  could  not  be  ascertained  with  the  in- 
struments used.  To  extend  the  range  of  measurement 
a  combination  of  the  galvanometer  and  electrometer 
methods  is  to  be  used  in  future  work. 


To  indicate  numerically  the  changes  which  have 
taken  place  during  treatment  of  these  samples  Table  I 
has  been  prepared.  It  should  be  stated  however  that 
the  curing  action  on  Bakelite  micarta  had  not  reached 
completion.  In  this  table  the  following  symbols  are 
used : — 

r  =z  apparent  resistivity  at  room  temperature,  22  degrees  C. 

r,  =  apparent  resistivity  after  vacuum  treatment. 

''v  +  ii=  apparent  resistivity  after  vacuum  and  heat  treat- 
ment. 

TABLE  I— EFFECT  OF  VACUUM  AND  HEAT 
TREATMENT  ON  RESISTIVITIES 


Material 

r 

r» 

r,  +  1, 

rv 

r 

r,  +  h 

r 

Fish   paper 
(untreated) 

Paraffined 
Fish  paper 

Fullerboard 

Bakelite 
Micarta 

13   Xio"  14.2  Xio"    8.09X10" 

23.4X10'°   6.22X10"!  6.5  Xio" 

17.4X10'°  16.2  Xio"324  Xio" 
25.7X10'°  27     Xio"   8     Xio" 

1 

109 

2.66 

930 
10.5 

62000 

278000 

186000 
310 

CONCLUSIONS 

The  work  done  in  this  investigation  indicates  very 
clearly  the  part  that  moisture  plays  in  the  electrical 
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HG.    8 — CONDUCTIVITY    OF    BAKELITE    MICARTA    O.OI5    INCH    THICK 

conductivity  of  insulating  materials.  This  moisture  can 
readily  be  reifloved  by  vacuum  and  heat  treatment,  dur- 
ing which  treatment  its  progress  can  be  followed  by 
electrical  measurements.  One  might  easily  conceive 
the  idea  that  conductivity  in  this  class  of  inaterials  de- 
pends largely  upon  the  amount  of  moisture  present  for 
dissociation,  by  which  means  only  conduction  can  take 
place,  and  that  the  insulating  properties  of  a  dielectric 
depend  largely  upon  its  tendency  to  absorb  moisture. 
In  other  words  it  would  indicate  that  insulating  ma- 
terials inight  be  classified  electrically  by  their  hygro- 
scopic properties. 

It  is  noticed  that  most  of  these  materials  tested 
become  very  good  insulators  after  the  treatment  given. 
This  property  is  not  altogether  permanent  when  the 
materials  are  again  exposed  in  a  humid  atmosphere. 
Measurements  as  to  rates  of  deterioration  have  not  as 
yet  been  made  but  a  completion  of  the  work  is  con- 
templated along  this  line. 
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OWING  to  the  tremendous  importance  of  the 
effects  of  gases  of  various  kinds  on  iron  and 
steel,  many  efforts  have  been  made  during  the 
past  sixty  years  to  determine  just  what  chemical  and 
physical  relations  do  exist,  and  to  what  extent  these 
may  be  modified  in  order  to  develop  steel  of  higher  or 
more  uniform  quality.  One  of  the  important  con- 
tributions to  the  steel  industry  in  this  line  of  effort  was 
the  practical  elimination  of  blow  holes  from  steel  ingots 
by  Sir  Henry  Bessemer.  The  use  of  "deoxidizers"  in 
steel  manufacture  is  an  example  of  the  advantages  to  be 
obtained  from  the  application  of  the  principles  involved 
ill  this  subject.  Case  hardening  is  another  process 
which   depends,   for  its  success,  upon  interactions  be- 

tween  gases  and  sted.     It  is 

m^  not      surprising,     then,     that 

probably  eighty  papers  have 
been  published,  giving  ac- 
counts of  experimental  and 
theoretical  effort  to  increase 
our  knowledge  of  the  phe- 
nomena involved. 

In  October,  1918,  a  gen- 
eral conference  on  this  sub- 
ject was  held  in  England, 
under  the  -direction  of  the 
Faraday  Society,  and  their 
published  record,  together 
with  a  bibliography  announced 
by  them*,  forms  a  very  com- 
plete history  of  this  subject. 
The  outstanding  feature  in 
this  literature  is  the  fact 
that,  although  considerable 
qualitative  data  has  been  ob- 
tained, and  many  "rule  of 
thumb"  methods  have  been 
developed  concerning  the  in- 
teraction of  gases  and  steel, 
very  little  work  of  a 
quantitative  nature  has  been  done.  The  reason  for  this 
at  once  presents  itself  when  the  difficulties  of  the  prob- 
lem are  considered.  A  quantitative  study  of  chemical, 
or  pseudo-chemical  reactions,  where  one  or  more  of  the 
constituents  is  a  gas,  and  is  a  very  small  percentage  of 
the  whole,  is  itself  a  tedious  undertaking,  but  when 
added  to  this,  is  the  fact  that  much  of  the  work  must  be 
done  at  temperatures  ranging  from  500  to  1700  degrees 
C,  and  in  pressure9,less  than  o.ooi  mm  of  mercury  (one 
m.illionth  of  an  atmosphere),  the  difficulties  are  many 
times  multiplied. 

For  a  long  time,  a  number  of  these  difficulties  ap- 
peared insurmountable,  but  owing  to  the  great  advance 
made  in  recent  years  in  electrical  and  vacuum  apparatus, 

*Transactions  Faraday  Society,  February   1919. 


FIG.       I — DOUBLE      WALLED 
GL.^SS     SPECIMEN     BULU 

Used  in  tests  for  the 
determination  of  the 
evolution  of  gases  from 
steel. 


much  of  this  work  has  been  brought  within  the  range  of 
possibilities,  and  some  valuable  information  has  already 
been  obtained.  Among  the  items  which  have  contri- 
buted largely  to  the  possibility  of  this  work,  a  few  will 
be  considered  here. 

The  use  of  a  "hard"  glass,  of  high  softening  tem- 
perature and  low  coefficient  of  expansion  is  used  in  ex- 
tensive systems  for  the  control  and  study  of  gases  as- 
sociated with  the  steel  under  examination.  The  well 
known  "soft"  or  "soda"  glass  would  be  far  too  fragile 
for  this  work,  and  further  does  not  lend  itself  to  the 
sealing  through  of  electrical  conductors  of  sufficient 
current  carrying  capacity.  In  one  system,  all  of  glass, 
there  are  over  two  hundred  feet  of  tubing,  and  hiving 
an  approximate  volume  of  twenty-five  liters.  Electrical 
conductors,  having  a  current  carrying  capacity  in  ex- 
cess of  one  hundred   and   twenty-five  amperes,   sealed 


l-IG.    2 — DL\i;RA.M     of    equipment    FOU    REMOVINC 
GASES  FROM    METALS 


AND    COLLECTING 


through  glass  walls  in  a  vacuum  tight  manner  are  in 
use.  The  mercury  diffusion  vacuum  pump,  introduced 
by  Gaede\  and  greatly  improved  by  Langmuir^, 
.Shrader^  and  others  has  made  possible  the  handling  of 
minute  quantities  of  gas  without  fear  of  loss  or  polu- 
tion.  A  third  important  development  consists  of  an 
apparatus  for  the  quantitative  analysis  of  small  quanti- 
ties of  gases^,  by  means  of  which  one  or  two  cubic  milli- 
meters of  gas  can  readily  be  analyzed  with  an  accuracy 
of  95  percent  or  greater.  With  the  assistance  offered 
by  this  and  other  apparatus  of  recent  origin,  the  v.'ork 
described  in  this  paper  was  made  possible. 

The  plan  for  the  present  work  on  the  fundamental 


I— Gacde,  Ann.  d.  Phys.  Vol.  46,  p.  357,  1915. 

2— Langmuir,  Phys.  Rev.  N.  S.  Vol.  VIII.  p.  48,  Ju'.v  1016. 

3 — Shrader  and  Sherwood,  Phys.  Rev.  N.  S.  Vol.  XII,  p. 

70,  July  1918. 
4 — Ryder,  Jour,  of  the  Amer.  Chem.  Soc.  Vol.  XI,  p.  1656, 

Nov.  1918. 
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relations  between  gases  and  steel  provided  for  three 
forms  of  experiment.  The  first  of  these  consists  in  the 
determination  of  the  contained  gases  in  steel,  the  tem- 
peratures at  which  these  can  be  evolved,  their  rate  of 
evolution,  and  the  quantity  found.       The  second  con- 
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FU;.    3 — KEl.ATION   IlKTWEEN   KI.F.CTRICAI,  RESISTANCES  AND  TEMPERA- 
TURE   FOR    I'URE    IRON    (CARUON   AI'PROXl  M  ATFXY    O.OI    PERCENT) 

cerns  itself  with  the  diffusion  of  gases  through  metal, 
the  absolute  rate  of  this  diffusion  and  its  variation 
with  the  temperature,  and  the  effect  of  the  steel  on  the 
composition  of  the  gas  which  may  diffuse  through.  The 
third  provides  for  the  effect  of  various  atmospheres  on 
steel  at  different  known  temperatures.  Certain  results 
which  have  been  obtained,  in  pursuance  of  this  program, 
and  which  appear  to  be  of  general  interest  follow. 
Consideration  will  be  given  here  to  temperatures  below 
looo  degrees  C  only. 

For  the  determination  of  the  evolution  of  gases 
from  steel,  the  specimen  is  prepared  in  the  form  of  a 
strip,  and  mounted  on  tungsten  supports 
in  a  double  walled  glass  tube.  The  strip  is 
so  connected  electrically  that  it  may  be 
heated  just  as  a  tungsten  filament  is  in  an 
ordinary  lamp,  with  the  addition  of  poten- 
tial leads  for  temperature  measurement. 
Fig.  I  shows  one  of  these  tubes  ready  for  a 
test.  Circulating  water  passes  between 
the  two  walls  of  the  tube,  and  keeps  the 
glass  cold,  so  that  the  only  hot  portion  of 
the  outfit  is  the  specimen  itself  This  tube 
is  sealed  to  a  glass  di.Tusion  pump  and  a 
gas  collecting  reservoir,  as  shown  in  Fig.  2, 
and  the  whole  connected  to  the  system  for 
gas  analysis  referred  to  above.  In  opera- 
tion, the  highest  possible  vacuum  is  main- 
tained in  the  specimen  tube,  all  gas  upon 
release  being  immediately  pumped  into  the 
reservoir  and  held  there  until  ready  for 
analysis.  It  is  customary  to  maintain  the 
specimen  at  a  constant  temperature  for 
twenty-four  hours,  at  the  end  of  which  time  the  gas  is 
removed  for  analysis  and  the  temperature  of  the  speci- 
men is  raised  50  degrees  C  and  similarly  held  for  the 
succeeding  twenty- four  hours.     This  procedure   is   re- 


located until  the  specimen  fuses  at  some  point.  As  the 
iron  begins  to  vaporize  rapidly  at  900  degrees  C,  and 
any  "hot  spots"  which  develop,  therefore,  tend  to  in- 
crea.se,  due  to  the  cumulative  effects,  it  is  often  not 
possible  to  run  the  temperature  much  higher  than  iioo 
degrees  C. 

The  temperature  is  determined  by  measuring  the 
ratio  of  the  hot  resistance  to  the  resistance  at  zero  de- 
grees, C.  The  relation  between  these  ratios  and  the 
temperature  is  determined  in  advance  on  a  piece  of  the 
same  specimen  material  in  a  tube  furnace  with  a  thermo- 
couple. Fig.  3  shows  a  curve  obtained  in  this  manner. 
The  temperatures  above  700  degrees  C  are  further 
checked  by  the  use  of  the  radiation  law,  the  constants 
for  which  have  been  determined  at  lower  temperatures. 
This  is  necessary,  owing  tr,  the  small  slope  of  the  cur\'e 
above  the  critical  point. 

The  results  of  experiments  performed  in  accord- 
ance with  this  plan,  on  two  different  types  of  steel  are 
shown  graphically  in  Figs.  4  and  5.  The  material  con- 
sidered in  Fig.  4,  is  a  commercial  silicon  steel  and  in 
Fig.  5  a  vacuum  fused  "pure"  iron,  prepared  in  the 
laboratory.  Both  of  these  specimens  had  been  sub- 
jected to  various  known  forging  and  heat  treatments, 
both  of  which  tend  to  modify  the  results  as  found. 
Several  conclusions  can  be  drawn,  however,  from  the 
curves  here  shown,  corroborated  by  many  other  similar 
ones.     These  may  be  listed  as  follows: 

7— O.xygcii  appears  only  at  250  degrees  C  and  there  in 
small  quantity. 

.' — Nitrogen  appears  at  approximately  700  to  800  de- 
grees C  and  in  varying  limited  quantities. 

.? — Hydrogen  appears  at  about  the  same  time  as  nitro- 
gen, but  in  indefinite  quantities.  In  addition  very  small 
amounts  are  liberated  at  lower  temperatures. 

4 — Water  is  liberated  below  200  degrees  C.  The  water 
curve  is  not  shown  in  Fig.  4. 


300      350     100     «50     500     550     600     650     700'  750      800     850     9<>Cr     950 
4 — EVOLUTION    OF    GASES    FROM    COMMERCIAL    SILICON    STEEL 

5 — Carbon  dioxide  is  liberated  principally  in  tlu 
neighborhood  of  300  degrees  C. 

6 — Carbon  monoxide  is  released  in  three  periods,  at 
approximately  300  degrees  C,  600  degrees  C,  and  at  800 
to  900  degrees  C. 

7 — Other  gases  are  present  only  in  negligible  quantities. 
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Experimental  work  on  the  rate  of  evolution  of 
these  gases  shows  that,  in  general,  this  value  at  con- 
stant temperature  is  reduced  to  one-tenth  of  the  original 
value  at  the  given  temperature  in  less  than  six  hours 
in  the  case  of  water,  carbon  dioxide  and  the  300  degrees 
C,  hump  of  carbon  monoxide;  in  less  than  twenty-four 
hours  in  the  case  of  the  600  degrees  C.  hump  of  carbon 
monoxide;  and  only  after  sixty  hours  in  the  case  of  hy- 
drogen, nitrogen  and  the  800  degrees  C.  hump  of  car- 
bon monoxide. 

For  the  determination  of  the  rate  of  evolution  of 
gases  through  a  steel  wall,  an  apparatus  of  the  form 
shown  in  Fig.  6  was  used.  The  specimen  here  is  in 
the  form  of  a  seamless  steel  lube,  closed  at  (ine  end, 
with  the  other  end  sealed  to  a  vacuum  measuring  and 
analysis  system.  This  tube  is  located  concentrically 
with  a  silica  tube,  and  the  whole  inserted  in  a  tube  fur- 
nace as  shown.  Provision  is  made  for  maintaining  any 
desired  atmosphere  at  slightly  more  than  one  atmos- 
phere of  pressure  in  the  space  surrounding  the  specimen 


5      ^  Temperature  Degrees  C 

FIG.    5 — EVOLUTION    OF  CASES    FROM    VACUUM    FUSED    PURE    IRON 

tube,  so  that,  with  a  vacuum  on  the  interior,  the  gas 
must  pass  through  the  wall  of  the  tube  under  test. 
Since  the  temperature  distribution  is  not  uniform,  the 
results  must  be  approximate,  but  by  making  certain  ob- 
vious corrections,  values  of  sufficiently  close  approxima- 
tion to  the  true  ones  are  obtained.  For  precision  work, 
this  apparatus  is  slightly  modified. 

In  the  operation  of  this  apparatus,  the  interior  of 
the  specimen  tube  is  highly  exhausted,  and  the  whole 
heated  to  600  degrees  C.  to  eliminate  surface  sources 
of  gases.  After  returning  to  room  temperature,  the 
gas  to  be  used  is  introduced  in  the  annular  space  sur- 
rounding the  specimen  tube  and,  throughout  the  test,  is 
kept  slowly  circulating.  The  temperature  of  the  fur- 
nace is  increased  at  a  constant  rate  of  approximately  one 
degree  a  minute  from  room  temperature  to  iioo  degrees 
C,  or  as  near  that  temperature  as  seems  desirable.  Dur- 
ing this  period,  pressure  readings  are  made  on  the  sys- 
tem connected  with  the  interior  of  the  tube  at  five 
minute  intervals.  The  pressure  thus  determined  is  a 
measure  of  the  total  quantity  of  gas  which  has  entered 
the  system  through  the  wall  of  the  tube,  and  the  curve 


obtained  is  one  of  total  cjuantity  against  temperature. 
The  slope  of  this  curve  at  any  point  will  be  proportional 
to  the  rate  of  diffusion  of  the  gas,  and  the  rate  curves 
are  therefore  plotted  accordingly.  The  curve  labelled 
Time  in  Fig.  9  indicates  the  degree  to  which  uniformity 
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FIG.    (1 — AI'I'ARATUS    FUR    THE    DFTERMI  \  ATH  l\    (IK     1  1 1  K    DIFFUSION    OF 
(.ASFS    THROUGH     METALS 

in  the  increase  of  the  temperature  of  the  furnace  may  be 
maintained,  and  the  Quantity  curve  the  actual  result  of 
experiment,  in  this  case  for  nitrogen.  The  identity  of 
the  gas  which  diffused  through  the  steel  was  determined 
by  analysis. 

Fig.  7  shows  graphically  the  effect  of  the  tempera- 
ture on  the  rate  of  diffusion  of  several  gases  through  a 
steel  wall.  In  the  cases  shown,  no  resultant  chemical 
reaction  takes  place  except  for  carbon  monoxide  at 
temperatures  above  950  degrees  C.  In  this  case  the 
carbon  associates  itself  with  the  steel  and  case  harden- 
ing results.  The  relation  between  the  rate  of  diffusion 
of  the  gas  and  the  corresponding  temperatures  is  shown 


FIG.    7 — EFFECT  OF   TE.MPEKATUHE  ON   THE   niKKUSION    OF    HVIIROGE.N, 
C.\RliON    MONOXIPE  AND    MTROGE.N   THROUGH    MILD   STEEL 

in  Fig.  8.  This  is  a  general  condition  for  gases  when 
no  chemical  reaction  takes  place,  but  in  most  cases,  the 
slope  changes  abruptly  when  passing  through  the  critical 
point.     Carbon  dioxide   and   a  number  of  other  gases 
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will  not  pass  through  steel  without  decomposition. 
Argon  will  not  pass  through  at  any  temperature  up  to 
1 1 00  degrees  C. 

For  the  study  of  the  effects  of  the  various  atmos- 
pheres on  steel  at  elevated  temperatures,  the  specimen 
is  prepared  in  the  form  of  a  long  strip  and  mounted  as 
in  the  experiments  first  described,  Fig.  2,  except  that  no 
pump  is  placed  in  the  system.  The  desired  atmosphere 
is  introduced  into  the  tube,  and  so  arranged  that  pres- 
sures may  be  readily  noted,  and  corrections  applied  due 
to  the  hot  portions.  Ordinarily,  when  a  specimen  is 
put  under  observation,  it  is  first  freed  as  far  as  possible 
of  all  gases  by  being  held  at  900  degrees  C  for  several 
days  in  a  high  vacuum.  The  atmosphere  under  consid- 
eration is  then  introduced,  with  the  specimen  cold. 
With  the  temperature  of  the  specimen  being  increased 
from  time  to  time,  using  fifty  degree  increments,  the 
condition  of  the  metallic  surface  is  carefully  observed, 
as  is  also  the  pressure.  At  convenient  times  samples  of 
gas  are  drawn  off  for  analysis.  After  the  highest  safe 
temperature  is  reached,  the  specimen  is  again  brought 
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to  room  temperature,  and  the  surrounding  gases  re- 
moved. With  the  vacuum  maintained,  the  specimen  is 
again  heated,  using  fifty  degree  increments,  and  gaseous 
evolutions  observed  and  analyzed.  In  some  cases  vari- 
ous maximum  temperatures  are  used  on  a  series  of 
specimens,  and  the  chemical  and  micro-analyses  of 
specimens  determined. 

As  a  result  of  this  work,  the  following  results  are 
among  those  obtained,  it  being  understood  that  the  ac- 
curacy of  the  results  .should  be  considered  in  the  light 
of  the  precision  of  the  method,  and  that  the  limiting 
temperature  is  looo  degrees  C. 

Dry  hitrogen  has  no  effect  on  ihe  steel,  and  is  not  ad 
sorbed. 

Dry  carbon  dioxide  does  not  appreciably  react  in  this 

sense  with  the  steel,  but  is  adsorbed  on  the  surface. 

Hydrogen  does  not  react  with  the  steel. 

Carbon  monoxide  does  not  react  at  temperatures  below 

900  degrees  C,  but  above  this  it  decomposes,  the  o.xygen 

forming  a  surface  oxide,  and  the  carbon  entering  the  steel. 

Cyanogen   reacts   at  650   degrees   C,  a  portion  of   the 

nitrogen  and  carbon  entering  the  steel,  more  of  the  carbon 

being  deposited  on   the   surface,   and  a   certain  amount  of 

nitrogen   freed.     The  nitrogen  entering  the  steel  combines 


chemically   with   it   and   may   be    freed   upon   subsequently 
heating  the  steel  in  vacuum. 

Ammonia  reacts  with  steel  at  appro.ximatcly  the  same 
temperature,  nitrogen  and  hydrogen  entering  the  steel  and 
individually  combining  chemically  with  it.  A  portion  of 
the  ammonia  is  also  dissociated  without  reaction  with  the 
steel.  The  hydrogen  and  nitrogen  may  be  taken  from  the 
steel  in  the  ratio  of  3  to  i  by  heating  in  vacuum  to  000  de- 
grees C. 

As  a  result  of  the  experimental  work  done  on  the 
interaction  between  gases  and  steel,  some  of  which  is 
reported  here,  the  conditions  involving  each  of  the  ordi- 
nary gases  can  be  fairly  well  defined,  for  temperatures 
between  zero  degrees  C  and  1000  degrees  C  (for  the 
I'urpose  of  this  paper).  In  the  following  resume,  each 
gas  will  be  considered  in  order. 

Water  vapor  does  not  exist,  as  such,  in  the  interior  of 
steel,  but  is  adsorbed  on  the  surface. 

Carbon  dioxide  does  not  exist  in  the  interior  of  steel, 
but  is  adsorbed  on  the  surface.  The  hump  in  the  carbon 
dioxide  curve  at  300  degrees  C  is  due  to  the  burning  off  of 
organic  material,   such  as  grease.     The  size  of   this  hump 
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FUi.    (>— THE    IllFFUSION    OF    NITROGEN    THROUGH    MtLD    STEEL 

is  dependent  on  the  thoroughness  of  the  cleaning  of  the 
material,  and  not  on  the  material  itself.  Fig.  5  shows  the 
effect  of  no  cleaning,  as  compared  with  the  effect  of  the 
thorough  clcatiing  shown  in  Fig.  4.  Copper,  porcelain,  and 
several  kinds  of  glass  were  tried,  for  a  comparison  of  this 
point,  and  the  hump  was  found  to  be  independent  of  the 
material. 

Carbon  monoxide,  as  exemplified  in  the  first  hump,  at 
300  degrees  C,  is  also  a  result  of  the  combustion  of  the 
grease.  The  second  hump,  at  600  derces  C  is  the  result  of 
the  dissolved  or  entrapped  gas  diffusing  out.  This  is  evi- 
dent from  the  fact  that  600  degrees  C  is  the  temperature 
at  which  diffusion  becomes  appreciable,  and  also  because 
carbon  monoxide  is  not  formed  nor  dissociated,  relative  to 
iron,  at  this  temperature.  Further,  if  it  were  adsorbed 
material,  it  would  be  released  at  a  lower  temperature.  The 
third  hump  in  the  carbon  monoxide  is  due  to  the  formation 
of  this  substance  as  a  result  of  the  combination  of  the 
carbon  contained  in  the  steel  and  the  oxygen  to  be  found 
in  the  scale.  The  amount  of  gas  formed  here  is  limited 
by  reason  of  the  small  quantity  of  oxygen  available  and  is 
therefore  no  measure  of  the  carbon  content  of  the  steel. 
The  theory  of  this  reaction  is  verified  in  the  e.xpcrimental 
work  described,  since  the  temperatures  concerned  are  those 
at  which  iron  is  carbonized  in  the  presence  of  an  excess 
of    carbon    monoxide,    and   at   which   carbon    monoxide   is 
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formed  from  carbon  conlaiiiing  iron  in  the  presence  of 
available  oxygen.  A  true  carbon  determination  should  not 
include  the  carbon  released  as  carbon  dioxide,  or  carbon 
monoxide  at  temperatures  below  700  degrees  C,  since  this 
carbon  plays  no  part  in  the  physical  characteristics  of  the 
steel.  This,  of  course,  is  a  factor  of  much  greater  import- 
ance in  a  consideration  of  the  very  low  carbon  steels. 

Oxygen  does  not  exist  in  steel,  as  such.  The  only 
oxygen  which  was  found  by  the  methods  described  in  this 
report  was  released  at  250  degrees  C  and  coincided  with 
the  temperature  at  which  a  small  amount  of  a  red  oxide 
on  the  surface  of  the  steel  turned  black.  The  oxygen 
found  is  no  doubt  the  result  of  this  reaction  in  the  very 
low  pressure  of  the  tube. 

Nitrogen  is  not  evolved  below  the  critical  temperature, 
but  comes  off  readily  above  that  point.  This  is  the  result 
of  chemical  decomposition,  as  dissolved  or  entrapped  nitro- 
gen should  be  evolved  at  approximately  600  degrees  C. 
Since  no  trace  was  observed  at  this  temperature  it  is 
probable  that  in  rolled  steel  there  is  no  free  nitrogen 
present. 

Hydrogen  is  evolved  when  the  steel  is  heated  in  a 
vacuum,  in  general  in  very  small  quantities  at  all  tempera- 
tures  up  to  the  critical   temperatures,   beyond   which  it  is 


released  in  large  quantities.  This  release  is  due  to  the 
breaking  down  of  a  compound  as  in  the  case  of  nitrogen 
and  not  to  dissolved  hydrogen.  The  small  continuous 
evolution  of  hydrogen  is  no  doubt  due  to  the  slow  decom- 
position of  the  hydrogen  containing  constituent.  This 
phenomenon  is  observed  in  pickled  steel  which,  upon  being 
aged  at  room  temperature,  gradually  loses  its  brittlcness, 
this  condition  being  simultaneous  with  the  loss  of  hydrogen. 
Methane  is  present  in  steel  in  isolated  cases,  and  then 
only  in  very  small  quantities. 

The  total  volume  of  the  evidence  obtained  in  favor 
of  the  conclusions  here  given  is  much  too  great  to  be 
presented  in  this  paper,  but  it  is  believed  that  all  of  the 
essential  conditions  have  been  discussed  at  sufficient 
length  to  show  justification  for  the  statements  given. 
The  consideration  of  this  problem  for  high  tempera- 
tures involves  an  entirely  different  type  of  apparatus 
and  forms  a  separate  subject  for  discussion.  I  am 
much  indebted  to  Mr.  C.  E.  Sperow  for  his  assistance  in 
carrying  through  this  arduous  prograin. 
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IN  CALCULATING  the  performance  of  induction 
motors,  the  percent  slip  is  an  important  element. 
By  definition,  the  slip  is  the  dift'erence  between 
synchronous  and  actual  speeds.  Its  determination  by 
subtraction  is  difficult,  especially  where  the  frequency 
is  subject  to  slight  fluctuations,  as  a  small  error  in  the 
measurement  of  either  speed  will  produce  a  large  per- 
cent error  in  the  slip.  For  this  reason  a  means  of 
measuring  slip  directly  is  desirable,  the  stroboscopic 
types  of  slip  meters  being  in  mo.st  comnK.m  commercial 
use. 

The  simplest  type  of  slip  meter  consists  of  a  white 
disk,  having  the  same  number  of  black  sectors  as  the 
motor  has  poles,  mounted  on  the  shaft  of  the  motor 
under  test,  as  shown  in  Fig.  i.  This  is  viewed  in  such 
a  way  that  tlie  vision  is  interrupted  periodically  in  syn- 
chronism with  the  alternations  of  the  circuit.  Then, 
due  to  the  continuity  of  vision  of  the  eye  for  light  im- 
pulses exceeding  about  15  per  second,  when  the  painted 
disk  is  rotated  at  synchronous  speed,  it  appears  to  stand 
still.  This  is  because,  at  each  instant  of  vision,  a  black 
sector  has  assuined  the  exact  position  of  the  one  ahead 
of  it  at  the  last  previous  glimpse.  When,  however,  the 
painted  disk  is  driven  below  synchronous  speed,  as  is 
usual  with  induction  motors,  the  black  sectors  do  tiot 
move  through  a  complete  polar  division  during  one  al- 
ternation. Therefore,  at  each  glimpse,  the  black  .sector 
is  slightly  behind  the  position  of  the  last  one  previously 
seen,  producing  an  apparent  backward  rotation,  whicli 
corresponds  to  the  difl:'erence  between  the  synchronous 
rotation  and  the  actual  rotation ;  in  other  words,  the 
slip.  This  number,  multiplied  by  100  and  divided  by 
the  synchronous  speed,  gives  the  percent  slip. 

There  are  two  cominon  methods  of  producing  the 
interruptions  of  vision.  The  first,  shown  in  Fig.  i,  con- 
sists in  looking  through  a  disk,  driven  by  a  synchronous 


motor,  and  ha\ing  the  same  number  of  slots  that  the 
observed  disk  has  painted  sectors.  The  second  consists 
in  viewing  the  painted  disk  by  the  light  from  an  alter- 
nating-current carlxju  arc  lamp,  whose  light  tluctuates 
in  s3'nchronism  with  the  alternations. 

A  variation  of  the  above  methods,  devised  by  Pro- 
fessor Perkins,  of  the  University  of  Tennessee,  consists 
of  a  disk  mounted  on  the  shaft  of  the  motor  under  test, 
and  provided  with  a  narrow  slot.  Behind  the  disk  is 
mounted  a  vibrating  steel  reed,  actuated  by  a  magnet 
connected  to  the  same  circuit  as  the  motor.  The  reed 
is  weighted  to  make  its  natural  period  of  vibration  the 
same  as  the  frequency  of  the  motor  supply  current. 

With  the  reed  vibrating  and  the  motor  running  at 
synchronous  speed,  it  is  apparent  that  the  reed  will  be 
in  the  same  position  each  time  a  glimpse  of  it  is  ob- 
tained through  the  rotating  slot.  Hence  it  will  appear 
stationary.  But  when  the  rotor  lags  behind  s3'nchron- 
ism,  the  reed  will  appear  to  vibrate  slowly,  a  complete 
vibration  corresponding  to  one  revolution  which  the 
motor  has  dropped  below  .synchronous  speed.  As  it  is 
possible  for  such  a  reed  to  vibrate  at  some  multiple  of 
the  supply  frequency,  this  device  should  be  calibrated 
experimentally  before  use. 

All  of  these  devices  are  quite  satisfactory  for  meas- 
uring low  slips,  but  are  limited  by  the  abilitj'  of  the 
tester  to  count  the  apparent  rotations  or  oscillations.  It 
has  been  found  by  numerous  trials  with  various  indi\  i 
duals  that,  by  taking  the  time  with  a  stopwatch  for  icx) 
oscillations,  a  rate  of  150  oscillations  per  minute,  could 
be  counted  with  an  error  of  not  more  than  two-fifths  ot 
a  second.  With  a  60  cycle,  four-pf)le  motor,  150  ap- 
parent oscillations  per  minute  corresponds  to  2.08  per- 
cent slip.  As  a  large  proportion  of  induction  motors 
are  built  for  60  cycle  operation  and  have  a  percentage 
slip  varying  from  two  to  eight  percent  or  more,  the  use 
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of  these  devices  is  very  limiled  in  testing  commercial 
apparatus. 

To  overcome  this  practical  objection,  a  modifica- 
tion of  the  vibrating  reed  slipmeter  has  been  devised  by 
Mr.  G.  Jensen,  of  the  Westinghouse  Company,  by  which 
it  is  possible  to  obtain  accurate  measurements  of  slips 
ranging  from  zero  to  ten  percent  or  more.  The  device, 
as  used  in  commercial  tests,  consists  fundamentally  of 
two  parts,  the  electromagnetic  vibrator  and  the  slotted 
disk,  arranged  so  as  to  be  driven  at  various  speeds, 
through  a  set  of  gears,  from  the  shaft  of  the  motor 
under  test. 

The  improved  device  is  simple  in  construction  and 
accurate  over  a  wide  range  of  application.  The  elec- 
tromagnetic vibrator  comprises  a  magnetizable  core 
member  8,  a  winding  p  and  a  resilient  armature  or  reed 
10,  as  shown  in  Fig.  2.  The  efifective  length  of  the 
armature  or  reed  is  adjustable,  so  that  its  natural  period 
of  vibration  coincides  with  the  frequency  of 
the  alternating  current  that  passes  through  the  magnetic 
winding.  Marks  on  the  reed  indicate  the  25  and  60 
cycle  positions.  Positions  corresponding  to  other  fre- 
quencies may  readily  be  obtained  by  shifting  the  reed 
up  and  down  until  the  vibrations  become  normal.  As 
the  magnet  and  its  accomjjanying  lamp  are  adapted  for 
no  volts  only,  a  suitable  transformer  must  be  used  in 
connection   with  higher   voltages.     A   standard   voltage 
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transformer  is  perhaps  the  most  convenient  to  use  for 
this  purpose.  As  this  type  of  transformer  is  loaded 
quite  close  to  its  rated  output  by  this  device  alone,  it 
should  never  be  depended  upon  to  operate  other  instru- 
ments at  the  same  time. 

The  gear  box  consists  of  a  set  of  gears  by  means  of 
which  the  .slotted  disk  may  be  driven  at  various  ratios 
with  respect  to  the  speed  of  the  motor  under  test.  A 
universal  coupling  connects  it  with  the  motor  shaft 
through  a  connecting  piece  screwed  into  its  center. 
Both  the  gear  box,  and  the  vibrating  reed  are  adjust- 
able vertically  on  the  supporting  rod.  After  the  gear 
box  has  been  lined  up  vvith  the  motor  shaft,  the  vibra- 
tor is  dropped  down  until  the  reed  can  be  readily  seen 
through  the  radial  slots  in  the  rotating  disk,  as  shown 
in  Fig.  3.  In  making  the  connection  to  the  motor  shaft, 
the  pin  in  the  flexible  shaft  should  be  about  in  the  center 
of  the  slot  so  as  to  allow  for  end  play  on  starting  the 
machine.  In  inserting  the  connecting  pin  into  the  driv- 
ing part  of  the  cnupling,  the  knurled  sleeve  should  be 
grasped  firmly  and  pressed  gradually  into  the  opening 
until  it  is  felt  to  slide  into  place.  The  coupling  is  read- 
ily separated,  while  in  ojieration,  by  a  firm  pull  on  the 
knurled  sleeve. 


The  disk  may  be  driven  direct  or  through  the  gears, 
depending  on  the  pinion  to  which  the  driving  shaft  is 
connected.  The  spindles  of  these  pinions  are  maiked 
o,  4,  8.  The  numbers  indicate  the  percent  slip  at  which 
the  vibrating  reed  will  apparently  stand  still  when  the 
disk  is  driven  from  them. 

The  disk  is  provided  with  oppositely  dispo.sed  radial 
.slots,  the  number  of  which  is  an  integral  factor  of  the 
number  of  poles  of  the  motor.  With  this  apparatus, 
live  disks  are  furnished,  as  follows: — 

2-sIot  disk  is  to  be  used  with  2  and  4  pole  machine. 
6-slot  disk  is  to  be  used  with  6,  12  and  18  pole  machine. 
8-slot  disk  is  to  be  used  with  8.  16  and  24  pole  machine. 
lo-slot    disk    is   to    he    used    with    10,    20   and   30   pole 
maehine. 

14-slot  disk  is  to  I)e  used  with  14  and  28  pole  machine. 
While  a  single  slot  disc  can  be  used  with  any  num- 
ber of  motor  poles  it  is  obvious  that  the  vibrating  iiuage 
will  be  clearest  when  the  number  of  slots  is  equal  to 
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the  number  of  poles  of  the  motor.     The  number  of 
slots  may  be  any  sub-multiple  of  the  number  of  poles. 

With  the  disk  driven  direct  and  vvith  the  motor 
running  at  synchronous  .speed,  it  is  evident  that  a  view 
of  the  reed,  when  the  latter  is  properly  adjusted,  will 
be  obtained  a  certain  number  of  times  a  revolution  and 
if  the  number  of  radial  slots  in  the  disk  is  an  integral 
factor  of  the  number  of  poles  of  the  motor,  the  reed 
will  be  seen  in  the  same  position  each  time,  or  in  other 
words  it  will  apparently  stand  still.  However,  if  the 
motor  is  operating  at  a  speed  slightly  lower  than  .syn- 
chronism, the  reed  will  be  found  in  a  slightly  differeiU 
position  at  each  view  and  it  will  apparently  oscillate 
from  side  to  side  like  a  pendulum.  Since  a  properly 
adjusted,  unpolarized  reed  vibrates  in  synchronism  with 
the  circuit,  the  apparent  oscillations  of  the  reed  will  cor- 
respond to  the  alternation  slip.     The  effect  will  be  the 
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same  whether  the  speed  of  the  disk  is  above  or  below 
synchronism.  Then  the  rate  of  the  apparent  oscillation 
of  the  reed  is  a  definite  measure  of  the  slip  and  it  is 
preferable  to  consider  the  slip  in  terms  of  alternations 
rather  than  in  r.  p.  m.  On  this  basis,  the  apparent  vi- 
brations per  minute  will  be  equal  to  the  alternation  slip 
per  minute.     Therefore  if, — 

V    =  Actual  vibrations  of  the  reed  or  the  alternations 

of  the  circuit  per  minute. 
a    =  Apparent  oscillation  of  reed  per  minute. 
/>    =^  Number  of  poles  of  motor, 
r   =  R.p.m.  of  motor. 
J"   ^  Slip  in  percent, 
r,,,  100  a 


and       r   =  -—  —  -— - 
fi  P 

In  order  to  obtain  an  accurate  count  of  the  apparent 

oscillations  of  the  reed  a  definite  number  of  oscillations 

should  be  counted,  the  time  t  in  seconds  being  noted. 

Let      a   =  apparent  oscillations  in  t  seconds 
100  X  60  o' 


then 
and 


V       61)  a' 

As  the  percent  slip  increases,  the  number  of  ap- 
parent oscillations  increases  to  such  an  extent  that  it  will 
be  impossible  for  the  tester  to  count  the  number  of  ap- 
parent oscillations  of  the  reed.  When  the  disk  is  driven 
from  the  spindle  marked  4  it  is  speeded  up  and  will  re- 
volve faster  than  the  motor,  thereby,  reducing  the  num- 
ber of  apparent  oscillations  of  the  reed.  The  reed  will 
apparently  stand  still  with  this  connection  when  the 
motor  has  exactly  four  percent  slip,  instead  of  at  zero 
slip  as  when  direct  connected.  This  value  then  may  be 
taken  as  a  new  point  of  reference  and  the  slip  in  alter- 
nations, up  to  150  per  minute,  may  again  be  counted. 
As  previously  noted,  this  slip  may  be  either  higher  or 
lower  than  that  of  the  reference  point.  The  gear  ratio 
c  of  the  four  percent  and  eight  percent  spindles  are 
0.96  and  0.92  to  I  respectively.  Therefore,  if 
c  is  the  gear  ratio   (less  than  one), — 

then     J=  loo(/  —  '■±:-::7J 
and     r  ^  c  {v/p        a/p) 

If  the  apparent  vibrations  increase  as  the  motor 
load  is  increased  use  the  +  sign.  If  they  decrease,  use 
the  —  sign. 

The  synchronous  reed,  while  its  vibration  is  essen- 
tially forced,  has  a  decided  advantage  over  a  tuning- 
fork  in  making  slip  measurements  in  that  only  the  nom- 
inal frequency  of  the  driving  current  need  be  known 
to  determine  z'.     With  the  tuning-fork  it  would  be  nec- 


essary to  know  the  actual  frequency,  since  the  speed  of 
the  motor  under  test  would  vary  with  either  load  or 
frequency  or  both.  In  using  a  tuning-fork  the  same 
formulas  may  be  used  if  p  equals  the  number  of  pairs 
of  motor  poles. 

Table  i  summarizes  the  application  of  the  slip  in- 
dicator under  various  conditions  that  are  ilkely  to  arise 
in  commercial  practice. 

TABLE  I— SLIP  INDICATOR  SETTINGS 


Percent  Slip 


Frequency  .  .   . 

Spindle 

Max.  Reading 


4-6    I     6-8 


25160  I  25 

00         o 

6o|i44  120 


60  I  25 
4  4 
144I120 


60  I  2s|6o 
8  48 
1441120(144 


6-10 


60 

8 

144 


The  following  general  formulas  are  found  conven- 
ient in  practical  testing: — 

At  25  cycles  the  percent  slip  =  marking  of  pinion  ±- 
100 


time  in  sec.  of  50  oscil. 


3       .\IF..\SURING    SLIP   OF    IXIUXTIOX    MOTOR    UNDER    LOAD 

With  vibrating  reed  slip  indicator. 

At  50  cycles  the  percent  slip  =  nmrking  of  pinion  ^z 
100 


marking  of  pinion 


R.p.m.  =z 


time  in  sec.  of  100  oscil. 

At  60  cycles  the  percent  slip 

§3 

time  in  sec.  of  100  oscil. 

alternations  per  minute  {rated  frequency) 

number  of  poles 
X   (l  —  percent  slip) 

With  the  improved  vibrating  reed  slip  indicator,  it 
is  never  necessary  to  count  higher  than  144  vibrations 
per  minute.  It  has  been  found  rather  difficult  to  count 
the  oscillation  accurately  when  they  fall  below  20  per 
minute,  therefore,  it  is  best  to  change  the  connections 
to  the  spindle  when  readings  are  obtained  which  are 
too  close  to  synchronism. 
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The    purpose    of    this    section    ia    to    present 

accepted  practical  methods  used  by  operatine 

companies    throoghout    the    countr^r 


The   co-operation    of  all   those   interested   in 

operating  and  maintaining  railway  equipment 

is    invited.      Address    B.    O.    D.    Editor. 
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Method  of  Connecting  Car  Wiring  to  Motor  Leads  and  Ground 


Numerous  failures  and  delays  of  cars  in  service  are  caused 
by  open  circuits  in  the  motor  leads,  due  to  one  or  a  combination 
of  the  following  causes: 

a—  The  lack  of  or  improper  use  of  cleats  on  motors 
and  car. 

h — Placing  the  knuckle  joint  connectors  in  the  swinging 
lotip  between  car  underframing  and  motor. 

c — Motor  leads  too  short  to  allow  full  swing  of  truck. 

d — Insufficient  flexibility  of  cable. 

e — Improper  method  of  supporting  cables  from  car 
underframing  and  at  motor. 

Cables  which  are  allowed  to  swing  from  the  point  at  which 
they  issue  from  the  motor  housing  are  continually  rubbing  back 
and  forth  over  the  top  of  the  motor  as  the  car  negotiates 
various  curves  and  crossovers.     This  continued  friction  between 


FK;.    I — METHOD    OF    CABLE    SUSPENSION 

\\  hich  has  been  used  with  considerable  success  by  large 
operating  companies. 

the  leads  and  the  rough  motor  frame  soon  wears  away  the 
cable  insulation  and  failure  occurs,  due  to  grounding  of  the 
leads  on  the  motor.  Failures  due  to  this  method  of  suspension 
of  motor  leads  involves  a  great  amount  of  work,  due  to  bring- 
ing out  of  new  leads,  should  the  breakdown  of  cable  insulation 
occur  at  the  point  where  the  cables  issue  from  the  housing. 

On  installations  which  have  the  connectors  placed  in  the 
swinging  loop,  the  cable  has  a  tendency  to  break  at  the  point 
where  it  is  soldered  iiUo  the  connector,  due  to  the  hard  spots 
in  the  cable  where  the  strands  are  soldered  together.  There  is 
also  the  possibility  of  poor  insulation  at  this  point,  as  the 
operator  through  carelessness  and  other  causes,  is  apt  to  use 


FIG.    3 — SEQUENCE   OF    LEADS    AT    CLEATS    ON    CAR    UNDERFRAMING 

insufficient  amount  of  insulation.  This  may  give  rise  to 
grounds  and  probably  open  circuits,  due  to  the  insulation  com- 
ing ofT  entirely,  and  the  knuckle  joint  connector  breaking  in 
two. 

On  roads  having  very  sharp  curves,  the  swing  of  the  motor 
trucks  is  considerable.  The  motor  leads,  while  being  of  suffi- 
cient length  to  negotiate  the  curves,  are  not  always  long  enough 
to  assume  the  proper  loop  under  the  extreme  curve  conditions. 
Where  this  occurs,  the  cables  are  strained  and  their  life 
shortened  to  such  an  extent  that  failures  arc  encountered. 

With  cables  having  large  size  individual  wires  and  a  few 
strands,  the  loop  between  the  car  underframing  and  the  motors 


would  not  lie  in  the  proper  position.  This  is  due  to  the  stiflF- 
ness  of  the  cable  which,  under  the  force  of  gravity,  does  not 
assume  a  small  enough  radius  of  curvature  at  the  bend.  The 
cables  under  these  conditions  fatigue  very  easily  and  breakage 
of  strands  occurs,  giving  rise  to  failure  of  the  leads. 

Probably  one  of  the  most  serious  defects  is  encountered  at 
the  point  where  the  cables  drop  down  or  swing  from  the  car 
underframing.  In  some  cases,  the  cables  are  dropped  at  a 
point  too  near  or  too  far  away  from  the  truck  bolster,  and  in 
others  the  method  of  supporting  the  cables  where  they  leave 
the  conduit  at  the  car  underframing  is  poor. 

REMEDY  FOB  TROUBLES 

.\  scheme  of  connections  and  cable  suspension  which  has 
been  used  with  considerable  success  by  a  number  of  operating; 


FIG.    2 — JUNCTION    IlOX    FOR    KNUCKLE   JOINT   CONNECTORS 

companies  is  shown  in  Fig.  I,  which  illustrates  the  method 
employed  for  inside  hung  motors ;  for  outside  hung  motors, 
the  general  arrangement  is  practically  the  same.  The  knuckle 
joint  connectors  are  held  firmly  in  place  between  two  cleats 
fastened  to  the  car  underframing.  The  cleats  holding  the  con- 
nectors should  be  placed  as  near  as  possible  to  the  bolster  and 
the  truck  pin  on  the  car  underframing.  This  is  done  in  order 
to  keep  the  length  of  the  cable  loop,  as  it  swings  between  the 
car  underframing  and  the  motor,  as  close  to  its  original  lenph 
as   possible  in  any  position   of   the  truck,   relative  to  the  car. 


r| r. 

J4+ 

-u — u— 

A- 

FIG.    4 — SEQUENCE   OF   LEADS   AT   CLEATS   ON    MOTOR    FRAME 

.\bout  three  inches  should  be  allowed  on  either  side  of  the 
connector  between  the  cleats  to  take  care  of  creepage.  The 
cleats  are  split  so  that  they  can  be  put  in  place  after  the  con- 
nections have  been  made  and  the  insulating  hose  or  tube  has 
been  slipped  over  the  connectors. 

The  cables  are  clamped  to  the  housing  with  a  pair  of 
stationary'  cleats  as  they  come  out  of  the  motor  frame.  To 
prevent  chafing  of  the  cables  as  they  drag  over  the  motor 
housing,  a  pair  of  loose  cleats  are  clamped  on  to  the  cables  at 
a  point  which  will  allow  free  movement  of  the  cleats  on  the 
motor  housing.  The  point  at  which  these  cleats  are  clamped 
should  also  be  such  that  the  cables  themselves  will  not   touch 
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the  motor  housing  at  any  point.  These  cleats  are  made  in 
halves,  with  the  holes  for  the  cables  bored  through  on  the  line 
of  splitting.  This  is  done  so  that  it  is  not  necessary  to  thread 
the  cables  through  the  cleats.  To  give  further  protection  to 
the  knuckle  joint  connectors  against  the  v^eather,  a  box  can  be 
employed  to  house  the  cables  at  the  point  where  the  leads  from 
the  motors  are  connected  to  the  leads  of  the  car  body  by  means 
of  the  knuckle  joint  connectors.  In  removing  the  motor  from 
the  truck,  it  is  only  necessary  to  drop  the  hinged  cover  of  this 
box  and  loosen  the  cleats.  A  box  suitable  for  this  purpose  is 
shown  in  Fig.  2. 

With  the  arrangement  of  cables  shown  in  Fig.  I,  a  natural 
loop  or  swing  is  obtained  with  a  very  slight  increase  in  the 
length  of  the  loop  when  the  trucks  are  in  their  extreme  position. 
This  scheme  will  probably  take  a  little  longer  to  install  than 
the  usual  method  of  dropping  the  cables  from  a  condulet  on 
the  conduit,  housing  the  cables  on  the  car  underframing,  and 
placing  the  connectors  in  the  swinging  loop,  but  will  pay  for 
the  extra  work  in  the  long  run. 

AERANGEMENT   OF  LEADS 

To  simplify  the  changing  of  motors  when  failure  occurs, 
it  is  essential  that  any  motor  can  be  placed  on  any  truck  and 
have  its  leads  in  such  sequence  that  connections  can  be  made 


without  crossing  the  leads  between  the  motor  and  the  car 
underframing.  To  do  this,  the  cables  at  the  cleats  on  the  car 
underframing  should  be  arranged  in  the  same  sequence  for  all 
motors.  Likewise,  the  cables  as  they  leave  the  cleats  on  the 
motors  should  always  be  the  same  and  should  line  up  so  that 
when  the  motor  is  placed  in  the  truck,  the  proper  lead  at  the 
cleat  on  a  car  underframing  will  be  directly  over  the  lead  to 
which  it  is  connected  on  the  motor.  In  Fig.  3  is  shown  a 
suggested  arrangement  of  sequence  of  leads  as  they  leave  the 
cleats  on  a  car  underframing.  In  Fig.  4  is  shown  the  arrange- 
ment of  leads  as  they  leave  the  cleats  on  the  motors.  On  field 
control  equipment  the  field  tap  lead  should  be  brought  out  ;it 
the  middle  of  the  cleat.  This  lead  is  not  shown  in  the  sketch. 
The  seqtience  of  the  leads  is  such  that  they  will  line  up  with 
the  leads  as  they  leave  the  cleats  on  the  car  body.  If  this 
scheme  of  mounting  is  followed  out,  it  will  always  be  possible 
to  interchange  any  of  the  motors  by  simply  dropping  the  cleats 
at  the  car  underframing  and  breaking  the  knuckle  joint  con- 
nectors. When  the  new  motor  is  slipped  into  place,  there  will 
never  be  any  question  as  to  how  the  leads  are  to  be  connected, 
as  the  leads  themselves,  as  they  drop  down  from  the  cleats  on 
the  car  underframing,  will  lie  directly  over  the  leads  to  which 
they  are  to  be  connected  it  the  cleats  on  the  motor. 

H.  R.  Meyeb. 


Our  subscribers  are  invited  to  use  this  de^iartment  as  a 
means  of  securing  authentic  information  on  electrical  and 
mechanical  subjects.  Questions  concerning  general  eneineer- 
ingr  theory  or  practice  and  questions  regarding  apparatus  or 
materials  desired  for  particular  needs  will  be  answered. 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department 


,  _  ttention  a  self-addressed,  stamped  en- 
lope  should  riccompany  each  query.  All  data  necessary  for 
complete  understanding  of  the  problem  should  be  furnished, 
personal  reply  is  mailed  to  each  questioner  as  soon 
the  necessary  information  is  available:  however,  as  each 
eston  is  answered  by  an  expert  and  checked  by  at  least  two 
bers.a  reasonable  length  of  time  should  be  allowed  before 
pecting  a  reply. 


1863 — Insulating  P.mnts  — Can  you 
advise  as  to  the  methods  which  are 
used  in  specifying  and  testing  insula- 
ting paints?  What  are  the  proper- 
ties required  of  an  insulating  paint? 
How  are  tests  conducted  to  insure 
adherence  to  these  properties  ? 

P.M.   (n.y. ) 
It  is  assumed  that  information  is  de- 
sired     regarding     insulating     varnishes 
rather    than    paints    because    varnishes 
are  used  extensively  for  insulating  pur- 
poses   and    paints    are    not.     Insulating 
varnishes    are   applied   to    electrical    ap- 
paratus   for   the   purpose   of   filling   and 
scaling    the    other    insulating    materials 
so  as  to  exclude  moisture  and  any  other 
foreign    matter   which   would   otherwise 
collect  and  weaken  the  insulation.    This 
filling    with    varnish    is    also    often    de- 
pended upon  to  improve  the  mechanical 
qualities  of  the  coils  and  the  heat-con- 
ducting qualities  of  the   insulation.     To 
be    suitable     for    the    above    a   varnish 
should  have  the  following  properties : — 
I — High    insulation    strength. 
2 — Elasticity    and    flexibility. 
3 — Long  life  under  heat. 
4 — Moisture   resistance. 
5 — Oil   proofness. 

6 — Smoothness,     with     a    hard    finish 
which  will  not  soften  and  become 
sticky   under  heat. 
7 — Freedom   from  corrosive  effect  on 

copper. 
8 — Should  bake  in  a  reasonable  num- 
ber of   hours. 
The   tests   are  usually  made  by   com- 
paring   the    properties    of    the    varnish 
under  test  with  those  of  a  known  var- 
nish,  which   may   be   considered   as   the 
standard.     Duplicate   tests  are  made  on 
the  two   (or  more)   ihaterials  and   from 
the   records   of   these   tests   the   varnish 
best    adapted    to    the    application    under 
consideratioti    can    be    chosen.     To    test 
for     insulation     strength,     prepare     test 


specimens  on  pieces  of  smooth,  highly 
calendered  cambric,  6  inches  square  by 
0.005  inches  thick.  After  drying  the 
cloth,  immerse  it  in  the  varnish  at  the 
consistency  at  which  it  is  to  be  used, 
and  draw  it  out  of  the  varnish  at  a 
very  slow  and  uniform  rate.  After 
draining,  hang  it  in  an  oven,  which  has 
a  temperature  of  about  212  degrees  F. 
and  bake  for  the  time  specified  by  the 
supplier  of  the  varnish.  Apply  a 
second  coat  in  the  same  manner  as  the 
first,  except  that  the  top  edge  of  the 
first  dipping  should  be  at  the  bottom 
edge  of  the  second.  These  samples  are 
to  be  tested  between  one  inch  diameter 
discs,  having  one-fourth  inch  radius  at 
edges.  Voltage  is  to  be  increased 
gradually  until  breakdown  occurs  and 
the  reading  taken  when  failure  takes 
place.  About  10  punctures  should  be 
made  on  each  piece  and  the  thickness 
of  the  specimen  should  be  measured  at 
a  number  of  places.  The  average 
breakdown  voltage  divided  by  the  aver- 
age thickness  in  mils  will  give  the  aver- 
age breakdown  volts  per  mil.  To 
test  the  varnish  for  flexibility,  a  glass 
should  be  coated  with  it  and  the  coat- 
ing given  a  thorough  baking.  The  film 
is  then  tested  with  the  point  of  a  knife. 
The  varnish  should  come  off  in  a  rib- 
bon and  not  in  flakes.  To  test  the  var- 
nish for  life  under  heat,  satnples  should 
be  prepared  on  cambric  as  indicated 
above,  and  placed  in  an  oven  at  a  tem- 
perature of  212  degrees  F.  for  a  long 
time  test.  The  samples  should  be  ex- 
amined every  200.  300,  400  and  500 
hours.  The  specimen  showing  the  best 
flexibility  at  the  end  of  these  periods 
has  the  best  heat-resisting  (|ualities. 
Other  specimens  dipped  and  baked 
twice,  as  indicated  above,  should  be  im- 
mersed in  water  for  24  hours.  When 
taken  out  of  the  water,  wipe  off  the  ex- 
cess  water   and   test    immediately.     The 


specimens  showing  the  smallest  decrease 
in  dielectric  strength  have  the  best 
moisture-resisting  qualities.  To  test 
for  oilproofness,  samples  applied  to 
cambric  should  be  placed  in  mineral  oil 
and  put  in  an  oven  at  about  175  degrees 
F.  for  24  hours.  There  should  be  no 
signs  of   the   oil   dissolving  the   varnish 

film.  L.E.F. 

1864 — Vector  Di.-\GK.ai.M  (Jf  Siott  Con- 
nection— With  Scott  connected  trans- 
formers, if  we  supply  the  power  from 
the  three-phase  side  and  put  some 
inductive  loads  on  the  secondary  ends 
which  are  connected  in  a  two-phase, 
three-wire  system  as  in  Fig.  (a), 
kindly  give  a  vector  diagram  of  whole 
system  at  the  three-phase  end  and 
also  give  general  equations  of  voltage 
current  and  power  at  the  three-phase 
supply  end,  if  possible.     This  type  of 


FIGS.    1864(a)     AND    (b) 


load  has  been  actually  experienced  in 

the    case    of    an    electric    furnace    in 

operation.      It    is    not    an    imaginary 

problem,  but  it  is  my  earnest  desire 

to    find    a    solution    of    this    kind    of 

problem.  G.j.   (N.y.) 

The    questioner    asks     for    a    vector 

diagram     of     a     three-phase-two-phase 

transformer    supplying    an     unbalanced 

load   connected   in   star.     It   is   believed 
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that  a  mathematical  solution  will  explain 
the  relations  better  than  a  vector 
diagram.  In  the  first  place,  the  gen- 
eral problem  for  three-phase-two-phase 
transformation  has  been  covered  by 
C.  L.  Fortescue  in  the  section  on  trans- 
formers, pp.  405  and  406  in  the  Standard 
handbook.  The  remaining  problem  con- 
sists merely  in  finding  the  current  that 
would  flow  through  an  unsymmetrical 
group  of  impedances  with  a  given  supply 
voltage.  This  solution  will  be  obtained 
as  follows : 

The  equations  refer  to  the  diagram 
of  connections  as  shown  in  Fig.  (b)  in 
which  the  voltages  are  given  as  indicated 
and  the  impedances  Zi,  Zj  and  Zt,  as 
follows : — 

Z,  =  /?.  -f  jX, 

Z,  =  R,-\-  jX, 

Z,  =  R,  +  jX, 
The  equations  of  the  circuits  based  on 
Kirchhoff's  Laws  are  as  follows: — 

E,  —  ZJ,  —  ZJ, 

E„  =  ZJ,  —  ZJ, 

/.  +  /.  -f  /.  =  O 
These    equations    may    be    solved    by 
determinants  giving: — 
E,  o  -Zs     m 


parently  the  general  opinion  is  that  a 
service  test  is  necessary  to  determine 
the  suitability  of  any  type  of  construc- 
tion. Considerable  experimenting  has 
been    carried   on    by    the    larger    trans- 


/, 


/.  = 


£»  Z,  o 


Z,  o  -Z, 
-Z,  Z,  o 
I     I     I 
Z,  £.  -Z, 
-Zi  £b  o 

I     o     I 

Z,  o  -Z. 
-Z.  Z,  o 

I  I  I 
Z,  o  £. 
-Z.  Z,  £b 

I     I    o 


.Z,£.  —  Z.£t 

'  ZlZ,  -\-  Z,Z,  -f  ZrZ, 


Z,E^  +  Z,£>  -h  Z.£. 


Zi  0  -Z. 
-Z.  Z.  o 


-Z,£.  —  Z,£.  —  Z,E„ 


These  equations  might  also  be  trans- 
formed to  give  the  following:— 
.       _    Z,£.  —  ZtEb 

:     _      Z.£b  —  Z.£^ 


/.  = 


A 
Z.£.  —  Z,£. 


which  is  a  general  solution  for  a  three- 
phase  supply  (balanced  or  unbalanced) 
supplying  power  to  three  impedances 
(equal  or  unequal)  connected  in  star. 
By  combining  the  solution  given  above 
and  the  one  given  in  the  Standard  Hand- 
book previously  referred  to,  you  should 
be  able  to  obtain  the  solution  in  any 
particular  form  that  you  desire. 

R.D.K. 

1865— Position  of  Overhead  Ground 
Wire — Fig.  (a)  shows  our  practice  of 
attaching  the  overhead  ground  wire  to 
the  tops  of  poles.  Do  you  know  of 
any  authority  who  advocates  that  this 
ground  wire  should  make  an  angle 
with  the  outside  transmission  wire  of 
45  degrees?  Could  you  give  me 
references  to  discussions,  if  such  exist, 
on  the  relative  positions  of  this  ground 
wire?  I  know  there  is  considerable 
doubt  as  to  the  efficacy  of  a  groimd 
wire,  but  I  do  not  know  of  any  dis- 
cussions  relative  to  its  position. 

A.L.J,   (pa.) 
The  efficiency  of  an  overhead  ground 
wire  and  its  location  are  sources  of  dis- 
agreement between  operating  men.     Ap- 


FIG.    1865(a) 

mission  companies  and  the  more  recent 
construction   of   these   companies   repre- 
sents what  they  have  found  most  satis- 
factory.    A   resume  of   recent  line  con- 
struction  of   various   transmission   com- 
panies   gives    locations    of    the    ground 
wire    such    as    to    make    an    angle 
with      the      outside      transmission 
wire,   ranging    from  .30  to  60  de- 
grees,    the     greater     number     ap- 
proximating   45     degrees.     From 
a    consideration    of    what    is    re- 
garded  as   good   practice,   and  of 
the   electrostatic   field   around   the 
ground   and   line   wires,   it   would 
seem     that     the   .location    of    the 
ground     wire     in     Fig.      (a)      is 
too  low  to  afford  maximum  pro- 
tection  to   the   outer   transmission 
wires.     Kw     e.xcellent     article     by 
Mr.   R.   P.  Jackson  on  "Potential 
Stresses  as  Affected  by  Overhead 
Grounded     Conductors",     in     the 
1907  Transactions  of  the  A.I.E.E. 
deals  with  the  relative  position  of 
Iho  ground  wire. 

The   high   tension   data   given   in   the 

Transactions   of    the   A.I.E.E.    for    1914 

gives    relative   positions    of    the    ground 

wire  as  developed  by  field  experience. 

G.i.r,. 

1866— Measuring  Voltage  With  One 
Meter — (a)  Please  give  me  a  diagram 
showing  the  best  method  of  measur- 
ing voltage  by  the  .,301,  voit 
use  of  only  one  al- 
ternating -  current 
direct-reading  volt- 
meter. 
I — Supply     three- 

phase,       t  h  r  e  e-wire, 

3300   volts,    so   cycles. 
2 — Supply     three- 

phase,  three-wire,  400 

volts,   50  cycles. 
3 — Supply     three- 

phase,    four-wire,   230 

volts,  to  neutral. 

(b)      Also     please 

give   the  best   method 

of  measuring  the  con- 
sumption   in    amperes 

and     horse-power     by 

the    use   of   only    one 

alternating   -   current, 

direct   -    reading   am- 

J  -  1 
meter. 

I — S  u  p  p  1  y       3300 
volts,    three-phase,    50 
cycles,  three-wire,  connected  to  a  300  hp 
motor  with  slip  rings,  with  short-circuit- 
ing device, 

2— Supply      400      volts,      three-phase. 


three-wire,  50  cycles,  connected  to  a  75 
hp  motor,  480  r.p.m.,  104  amperes,  slip 
ring  machine  with  short-circuiting  de- 
vice. 

3 — Supply  400  volts,  three-phase, 
three-wire,  50  cycles,  connected  to  a  15 
hp,  950  r.p.m.,  18  amp.  motor,  star  and 
delta  connected.  G.L.H.  (ill.) 

(a)  To  measure  the  voltage  between 
various  phases  of  a  three-phase  circuit, 
either  three-phase,  three-wire  or  three- 
phase,  four-wire  with  one  voltmeter,  it 
is  necessary  to  use  a  voltmeter  recep- 
tacle and  voltmeter  plug  or  some  type 
of  voltmeter  switch  either  of  the  drum 
or  dial  type.  On  circuits  of  550  volts 
or  less,  it  is  customary  to  connect  the 
voltmeter  directly  across  any  of  the 
phases  by  the  use  of  voltmeter  recep- 
tacles. When  the  voltage  on  an  alter- 
nating-current circuit  is  above  550  volts, 
potential  transformers  are  used,  reduc- 
ing the  voltage  to  about  100  volts  for 
metering  purposes.  Figs,  (a)  and  (b) 
show  the  method  of  connecting  a  volt- 
meter to  a  3300  volt,  three-phase  circuit. 
Fig.  (a)  shows  the  use  of  a  voltmeter 
switch  to  transfer  the  voltmeter  to  the 
various  phases  while  Fig,  (b)  accom- 
plishes the  same  result  by  using  an  eight 
point  voltmeter  receptacle  and  a  four 
point  voltmeter  plug.  The  voltmeter 
switch  shown  in  Fig.  (a)  is  shown  in 
the  off  position.  By  moving  the  switch 
to  position  o  the  voltage  between  leads 
/  and  2  will  be  indicated  on  the  volt- 
meter; moving  the  switch  to  position  b 
will  give  the  voltage  between  leads  r 
and  3  and  to  position  c  will  give  voltage 
between  leads  .?  and  3.  The  eight  point 
receptacle  method  shown  by  Fig.  (b) 
will  indicate  voltage  between  leads  / 
and  2  when  the  plug  is  inserted  in  the 
four  receptacles  at  the  right,  between 
leads  /  and  3  when  the  plug  is  inserted 
in  the  middle  receptacles  and  between 
leads  2  and  3  when  inserted  in  the  left 
hand  four  receptacles.  Fig.  (d)  shows 
connections  for  reading  the  voltage  on 
a  400  volt,  three-phase,  three-wire 
system.  In  this  case  the  potential  trans- 
formers are  omitted.  To  read  the 
voltage  between  any  phase  and  neutral 
on  a  230  volt,  three-phase,  four-wire 
system,  three  four-point  voltmeter  recep- 
tacles are  used,  as  shown  by  Fig.  (c). 
(b)   For  connecting  the  ammeter  in  the 


Jacks  Tor  I 

- Iv        '■■■■■">  f    -  ■■     ■ 

nnccted  Meter 

Fig,  (e) 

FIGS,   1866(a)   to   (ej 

various  lines,  small  drum  type  switches 
are  much  used.  These  switches  are  de- 
signed so  that  the  circuit  is  not  opened 
when  passing  from  one  position  to  the 
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other.  Receptacles  or  jacks  are  also 
used  at  colleges  and  places  where  much 
testing  is  done.  One  type  cuts  into  the 
circuit  an  ammeter  which  is  permanently 
wired  to  the  receptacles.  Another  type 
has  the  leads  from  a  portable  ammeter 
connected  to  the  plug,  and  thus  cuts  intu 
the  circuit  when  the  plug  is  inserted. 
Current  transformers  are  usually  neces- 
sary when  the  current  to  be  measured 
exceeds  20  amperes.  On  three-phase, 
three-wire  lines,  two  transformers  are 
sufficient.  Fig.  (e)  shows  connections 
using  current  transformers  and  either  of 
the  switching  schemes  mentioned.  For 
measuring  the  horse-power  of  an  in- 
duction motor,  a  poly-phase  wattmeter 
or  two  single-phase  wattmeters  is  the 
desirable  equipment.  A  scale  reading 
directly  in  horse-power  may  easily  be 
constructed  by  remembering  that  one 
horse-power  equals  746  watts.  An 
ammeter  cannot  be  used  to  indicate  the 
horse-power  of  induction  motors  with 
any  degree  of  accuracy  on  account  of 
the  variable  power- factor  characteristics 
of  different  motors  and  on  account  of 
Tariations  in  the  supply  voltage.  An 
ammeter  is,  however,  sometimes  used  as 
an  appro.ximate  indicator  of  the  load, 
and  might  be  calibrated  as  such  for  use 
on  one  particular  motor  on  a  constant 
supply  voftage.  The  calibration  would 
be  performed  by  inserting  the  ammeter 
and  a  poly-phase  (or  two  single-phase) 
wattmeters  in  the  primary  circuit  of  the 
motor,  using  potential  and  current  trans- 
formers where  required.  r.m.r. 

1867 — Temperature  Indicator  for  Fuse 
— What  would  you  think  of  an  in- 
dicator to  show  the  temperature  of  a 
fuse  in  use,  made  to  indicate  the  per- 
cent of  maximum  temperature,  using 
a  standard  renewable  fuse  of  larger 
size  to  contain  the  fuse,  one  end  cap 
to  have  a  metal  tube  closed  at  the 
bottom  with  a  shoulder  on  the  inside 
of  the  fuse  and  a  nut  outside  to  clamp 
the  tube  to  the  end  cap,  the  tube  end 
being  open  at  the  top.  A  ther- 
mometer   to   be   inserted   in    the    tube 


...IE 


Closedpf^ 


Fig.    1867(a) 

after   the    fuse   is   assembled.     Would 
the  metal  tube  or  the  heat  of  the  arc 
crack    the    thermometer?      The    ther- 
mometer would  be   of   the  clinical  or 
maximum  self   registery  type  to   indi- 
cate   maximum    demand,    at    the    time 
the  fuse  blew.     Also  a  standard  ther- 
mometer could  be  calibrated   for  am- 
peres probably.  j.e.m.   (utiCH.") 
It   would   be   dangerous   to   have   any 
conductor   inside   the   fuse   casing  other 
than  the  fuse  element.     The  metal  tube 
mentioned  would  very  likely  cause  a  re- 
establishment  of   the   circuit   in   case  of 
an  overload,  and  damage  to  the  fuse  and 
anybody   who   happened    to    stand   close 
by,  in  case  of  a  short-circuit.     It  would 
be   possible   under    steady    loads    to    get 
a  very  rough  approximation  of  the  cur- 


rent in  amperes  or  percent  of  the  maxi- 
mum temperature  in  this  way,  when  the 
fuse  is  operating  under  normal  condi- 
tions, but  the  hazard  mentioned  above, 
and  the  variables  make  the  device  im- 
practical. M.J.S. 

1868 — Gkou.nding  Instrument  Trans- 
formers— For  parallel  operation  of 
generators,  do  you  think  it  is  neces- 
sary to  ground  the  secondaries  of  cur- 
rent and  potential  transformers  used 
for  voltage  regulator  service  and  for 
line  drop  compensation?  If  it  is 
necessary  to  ground  them  or  not  will 
you  please  advise  why.  Because  the 
reactance  between  the  points  regulated 
exceeds  eight  percent,  and  each  ma- 
chine has  its  individual  voltage  regu- 
lator, we  use  one  current  coil  for  each 
as  shown  in  Fig.  (a)  instead  of  two 
cross  connected  and  one  potential  coil 
for  each  regulator. 

G.D.   (ill.) 

The  instruments  should  be  grounded 
for  the  same  reasons  that  apply  to  the 
grounding  of  all  instrument  transfor- 
mers; namely,  that  there  is  less  danger 
to  human  life,  and  that  furthermore  a 
fault  in  a  transformer  is  inore  readily 
detected.  The  connections  shown  in 
Fig.  (a)  are  correct  for  generators 
which  have  separate  voltage  regulators. 


any  bus  arrangement  the  division  of 
current  can  be  determined — for  instance, 
the  middle  bus  in  Fig.  (a)  has  four 
transformers  connected  in  the  upper 
group  and  two  in  the  lower. 
Let  0:=  length  of  bus  from  upper  group 
to  X  by  way  of  Z. 

b=:length  of  bus   from   lower  group   to 
X ;   and 

c=rlength  of  bus   from  upper  group  to 
lower  group  by  way  of  Y. 


u 


w 


Fig.   1868 


It  is  the  connection  always  used  for 
such  cases  and  no  induction  compen- 
sator is  required,  because  the  voltage 
and  current  are  already  90  degrees  out. 
The  reactance  value  of  eight  percent  be- 
tween regulator  locations  is  sufficient  to 
prevent  excessive  cross  currents,  even  if 
no   compensating   arrangement   were    m 

use.  L.A.T. 

i86g  _  Transformer  Connections  — 
Please  discuss  the  comparative  advan- 
tages of  the  connections  shown  in 
Figs,  (a),  (b)  and  (c).  As  an  ex- 
ample take  nine  transformers  ar- 
ranged as  per  Fig.  (a).  All  the  load 
leaves  the  bus  at  A'  and  we  have  five 
transformers  on  one  side  and  four  on 
the  other,  with  a  secondary  bus  mak- 
ing a  complete  circuit  around  the 
transformers.  Will  not  most  of  the 
current  flow  from  the  transformers  in 
the  direction  of  the  arrows  and  very 
little  at  Y  ?  Do  you  think  this  a  good 
arrangement?  Would  it  not  be  a 
better  plan  to  cut  the  secondaries  at 
Z  and  make  three  separate  banks  such 
as  /,  2  and  3;  4,  5  a"d  (>'-  and  7,  S  and 
0.  and  to  install  a  new  secondary  bus 
from  transformers  .;,  5  and  6  as  per 
Fig.  (b)?  Would  Fig.  (c)  be  O.K. 
if  the  load  was  taken  from  the  bus  as 
marked  on  the  diagram? 

J.G.W.     (CAI.IF.) 

In  general,  a  ring  bus  as  indicated  by 
Fig.  (a)  operates  satisfactorily.  The 
loads  carried  by  different  parts  of  the 
bus  are  not  necessarily  the   same.     For 


Figs 


(a),(b)    AND    (c) 


Then  the  loads  for  the  various  sections, 
expressed  in  terms  of  a  transformer 
load,  are  as  follows  : — • 

6b  +  4c 
Through  section  Z=  ^^    1    ^   1   ,. 

Through   section   Y=:  ^^   ,    f,    1    ,. 

Through  the  section  between  the  lower 
group  of  transformer  and  A'= 
6a  +  2(- 
a  +h  +  c 

The  bus  arrangement  indicated  by  Fig. 

(b)  will  have  equal  currents  in  all  sec- 
tions of  the  bus,  but  the  e.xtra  copper 
required  for  the  additional  auxiliary  bus 
could  probably  be  more  economically 
used  in  reinforcing  the  part  of  the  bus 
in  Fig.  (a)  that  carries  the  greater  cur- 
rent.    The   arrangement   shown   in   Fig. 

(c)  should    operate    satisfactorily. 

J.F.P. 

1870 — Poor  Regulation  of  Scott  Con- 
nected Transformer — We  have  two 
7200  volt  primary  to  220  volt  second- 
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ary  transformers,  core  type,  wound  as 
Fig.  (a).  These  were  required  to  be 
put  on  three-phase,  7200  volt,  primafy 
circuit,  two-phase,  220  volt  secondary. 
The  high-voltage  side  of  each  trans- 
former has  i960  turns,  and  low  volt- 
age 60  turns,  980  and  30  turns  respec- 
tively on  each  leg.  Jt  was  therefore 
necessary  to  put  an  86.6  percent  tap 
on  the  high-voltage  side  on  one  trans- 
former and  middle  taps  on  the  high- 
voltage  side  of  the  other  for  Scott 
connection.  This  was  done  by  taking 
off  260  turns  on  one  leg  of  the  pri- 
mary of   one  transformer  and   bring- 


(a)  (b) 

FIGS.    1870(a)    AND    (b) 

ing  out  the  end  for  a  lead,  and  bring- 
ing out  a  tap  between  the  legs  of  the 
other  transforiner  thus  making  it  pos- 
sible to  Scott  connect  them.  It  was 
found  that  the  voltage  balanced  per- 
fectly on  the  secondary  without  load 
when  a  motor  load  was  applied,  the 
mam  transformer  took  320  amperes  at 
220  volts  and  the  teaser  1.30  amperes 
at  200  volts.  Kindly  adxise  why  these 
transformers  do  not  balance  '  better 
when  loaded  and  how  a  correction  for 
the  unbalancing  can  be  made. 

G.P.E.  (n.y.) 
The  unbalancing  under  load  is  due  to 
the  fact  that  the  high-voltage  windings 
on  the  two  legs  are  not  interlaced.  The 
current  m  the  teaser  must  flow  through 
the  two  halves  of  the  main  transformer 
bmce  there  are  no  equivalent  ampere 
turns  on  the  secondary  side  of  the  main 
transformer,  the  impedance  of  the  tea- 
ser IS  mcreased  by  an  amount  corres- 
pondmg  to  the  impedance  the  main 
transformer  offers  to  the  teaser  current. 
If  the  two  halves  of  the  winding  of  the 
main  transformer  are  interlaced,  this 
impedance  is  greatly  reduced  and  the 
unbalancmg  under  load  correspondingly 
reduced.  If  the  high- voltage  coils  on 
each  leg  are  wound  in  two  layers,  it  is 
possible  to  reconnect  the  windings  and 
interlace  them  as  shown  in  Fig.  (b), 
provided  the  insulation  between  layers 
is  able  to  stand  the  increased  stress. 

H.F. 

1871— Grounding  High  Tension  Lines 
—In  the  system  shown  in  Fig.  (a)  it 
IS  desired  to  select  the  most  ad- 
vantageous grounding  combination. 
Points  <i,  b  and  c,  are  available  for 
grounding.  Please  discuss  the  opera- 
tion of  the  system  with  all  three  points 


FIG.    1871(a) 


grounded  at  the  same  time,  with  /■ 
and  c  grounded  and  with  point  a  only 
grounded.  Would  not  this  last 
ground  ( i.  c..  at  u  only)  give  an  en- 
tirely stable  system  and  also  cause  the 
feeder  circuit  breakers  to  open  on  the 


occurrence   of   a   ground    on   a   phase 
wire?  M.J.I,    (d.c.) 

Grounding  the  circuits  at  fc  or  c  will 
cause  the  feeder  circuit  breakers  to  open 
in  case  one  line  grounds  on  the  88  000 
volt  feeder,  but  a  single  ground  on  the 
.44000  volt  feeder  will  not  cause  any  cir- 
cuit breakers  to  open.  There  is  very 
little  gained  in  protection  by  grounding 
at  both  b  and  c  over  grounding  at  one 
place  only.  The  grounding  at  a  has  no 
eflcct  whatever  on  the  operation  of  the 
88000  or  44000  volt  circuits,  on  account 
of  the  insulated  transformer  between 
the  1 1  000  volt  circuits  and  the  remain- 
der of  the  system.  j.f.p. 

1872 — R.^Tio  OF  Current  Transformers 
— I  have  a  current  transformer  with 
hinged  laminations,  a  hole  in  the  cen- 
ter for  the  primary,  and  the  secondary 
coils  about  as  shown  in  Fig.  (a)  — 
ratio  250  to  5.  The  secondary  covers 
only  a  small  portion  of  the  core.  Can 
these  transformers  be  used  with  as 
many  primary  turns  as  possible  to 
pass  through  the  hole.  Will  the  ratio 
of  transformation  be  changed  in  pro- 
portion to  the  ratio  of  the  number  of 
turns.  JE.MCH.   (mich.) 


FIG.   1872   (a) 

To  circulate  five  amperes  through  a 
given  secondary  load,  a  definite  number 
of  ampere-turns  is  necessary  in  the  pri- 
mary. If  the  turns  are  increased,  there- 
fore, the  primary  amperes  are  decreased 
in  the  same  ratio.  As  many  primary 
turns  may  be  used  as  the  space  in  the 
opening  permits.  j.b.g. 

1S73 — Overload  Protection — In  order 
to  protect  our  power  tran%formers 
from  overload,  we  are  planning  to  use 
a  five  ampere,  hand  reset,  demand 
iiU'ter  working  011  tlie  lhcrmocoui)le 
principle,  which  in  case  of  overload 
puts  in  contact  a  bell  alarm  circuit. 
Connections  are  as  in  Fig.  (a).  But 
our    current    instrument    transformer 


Vj^gygl    ^^-Y 
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FIG.     1873(a) 

circuit  passes  through  overload  relays, 
which  in  case  of  overload  put  in  con- 
tact a  bell  alarm,  and  also  trip  the  oil 
circuit  breaker.     Is  it  necessary  to  use 
such   a   demand    instrument   when   we 
already  have  overload  protective   de- 
vices? G.D.  (ill.) 
It  is  customary  in  modern  relay  prac- 
tice to  set  all  relays  for  short-circuit  in- 
stead of  overload  current  values.     This 
applies  particularly  to  systems  in  which 
the  selective  idea  of  protection  is  carried 
out,  since  it  is  necessary  to  allow  certain 
time  intervals  between  successive  circuit 
breakers,  and  in  order  to  do  this  the  re- 


lays must  be  set  for  short-circuit  values. 
Where  this  custom  is  followed,  it  will 
be  necessary  to  use  some  kind  of  auxili- 
ary device,  such  as  a  contact  making  de- 
mand meter,  for  indicating  overloads. 
While  the  bulk  of  the  relays  on  most 
systems  are  set  with  the  idea  of  secur- 
ing selectivity  of  action,  there  may  be 
cases  where  it  is  desired  to  protect  ap- 
paratus against  overloads,  as  well  as 
against  damage  from  short-circuits. 
In  such  cases,  the  relays  are  usually  set 
to  operate  for  any  value  above  a  given 
load,  and  it  is  not  necessary  to  use  any 
auxiliary  indicating  device,  since  the  re- 
lays will  perform  this  function.  It  fol- 
lows therefore,  that  the  necessity  of  the 
contact  making  demand  meter  depends 
upon  whether  or  not  the  relays  are  set 
for   overload   or   short-circuit    values. 

E.A.H, 

1S74 — Direction     ok     Rotation — In     a 
wave  winding  on  a   four-pole,  direct- 
current   armature,   is   the   direction  of 
rotation  changed  by  changing  the  con- 
nections     from     progressive     to     re- 
trogressive? A.H.B.    (d.c.) 
The     direction     of     rotation     of     the 
motor  will  be  changed  by  changing  the 
connections    of    the    armature    winding 
from  progressive  to  retrogressive.     This 
can  best   be   shown   by   diagrams  lepre- 
senting     parts     of     armature     windings 
which  are  connected  in  the  two  different 
ways;     Fig.  (a)  represents  a  progressive 
winding,  while  Fig.  (b)  represents  a  re- 
trogressive winding.     A  series,  or  wave 
wound,   armature   winding   has  two  cir- 
cuits   from   the   positive   brushes   to   the 
negative  brushes.     If  one  of  these  cir- 
cuits of  a  progressive  connected  arma- 
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i-iG>.   1874   (a)   and    (b) 

ture  be  traced  out,  beginning  at  bar  O,  it 
will  be  found  to  pass  through  two  coils 
and  to  come  to  bar  P,  the  next  bar 
ahead  of  O.  If  the  complete  winding 
were  traced  out  it  would  be  seen  that 
connections  progress  around  the  com- 
mutator as  indicated  by  the  arrow,  until 
the  winding  closes  at  bar  O.  If  bar  O 
is  under  a  positive  brush  of  the  motor 
the  coil  sides  between  A  and  B.  which 
are  under  a  north  field  pole,  will  carry 
current  away  from  the  commutator, 
while  the  coil  sides  between  B  and  C 
will  carry  current  toward  the  commu- 
tator. This  relation  between  armature 
current  and  field  poles  will  cause  the 
armature  to  rotate  counterclockwise. 
Fig.  (b)  shows  how  a  retrogressive 
winding  differs  from  a  progressive. 
Coil  side  D  connects  to  bar  A"',  instead 
of  bar  P,  and  the  connections  proceed 
around  the  commutator  as  indicated  by 
the  arrow.  If  bar  O  is  under  a  positive 
brush  the  current  in  conductors  between 
A  and  B  under  the  north  pole  will  be  in 
the  direction  toward  the  commutator, 
and  the  armature  will   rotate  clockwise. 

C.H.W. 


April,  1920 


THE   ELECTRIC   JOURNAL 


n-^ 


Ward  Leonard 


Motor  Field  Rheostats 


Any  ampere  capacity. 

Any  ohms  from  a  fraction  of  one  ohm  to  the  maximum  ever 
required  in  commercial  or  experimental  work. 

Tapered  to  suit  the  most  exacting  conditions. 

This  one  is  our  Type  FF-22, 
8-inch  diameter,  150  ohms, 
35  steps,  2-1  ampere,  weighs 
only  11  lbs.  boxed.  Can  be 
shipped  parcel  post  with 
entire  safety. 


We  carry  a  large  stock  of  stand- 
ard sizes  and  can  make  very 
prompt  shipments  from  stock. 


Ward  Leonard  Motor  Field 
Rheostats  are  always  made 
with  Vitrohm  vitreous  enam- 
elled insulation  on  substantial 
cast  iron  plates.  They  are 
durable— and  withstand  the 
heaviest  vibration  encountered  in 
service.  Vitrohm  insulates  and 
seals  the  resistance  element  against 
disintegration  due  to  atmospheric 
conditions,  corrosion  or  the  effect 
of  repeated  heating  and  cooling. 


Ward  Leonard/tectric  Company 


Walter  W.  Gaskiri,   Boston 
William  Miller  Tompkins     Phila. 
Sperry  &  Bittner-Pittsl>urKh 
Walter  P.  Ambos  Co.     Cleveland 
McCrum  &  Olllem— Birmlngliam 


'yWount 
Vernon. 
XewVork, 


VSesthurg  EnKlneerlnir  Co. -ChicaKO 
Electrical  Specialties  Co.— Detroit 
Morse  Engineerinjr  Co.     St.  Louis 
riectrlcal  Material  Co.  -ton  Francisci 
Lyma"  C.  Peeil     New  Orleins 


I'li'iisc  iiiriilioii  I'lic  Elaine  Junrnal  i^'hcii  wrilhig  to  advcriisi 
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NATIONAL  SAFETY  SECTION 


FIRK  EXTINGUISHMENT 

Cotilhitieil 


SAWDUST    AND    SODA 

.\  mixture  of  sawdust  and  bicarbonate 
of  soda  (about  lo  pounds  of  soda  to  a 
bushel  of  sawdust)  is  a  valuable  extin- 
guishing agent  in  fires  of  inflammable 
liquids.  This  mixture  floats  on  the  sur- 
face of  the  burning  liquid,  shutting  off 
the  oxygen  supply  and  smothering  the 
fire.  It  is  much  more  efTective  than 
sand  in  putting  out  fires  of  inflammable 
liquids.  Unless  foam  e.xtinguishers  are 
provided,  a  supply  of  sawdust  and  soda 
should  be  kept  on  hand  at  all  containers 
of  varnishes,  lacquers,  oils,  paints  and 
similar  liquids.  The  principal  point  in 
it?  favor  is  its  low  cost. 

SUGGESTIONS 

The  efficiency  of  fire-fighting  appara- 
tus depends  largely  upon  its  proper  use. 
Unless  the  hose  stream,  the  extinguish- 
ing fluid,  sand  or  sawdust  is  directed  on 
the  base  of  the  fire,  its  value  is  lost. 
Employees  should  be  instructed  in  the 
proper  use  of  all  equipment,  and  given 
an  occasional  opportunity  of  seeing  it 
in  actual  operation.  Fire  extinguishers 
and  fire  hose  racks  are  sometimes  found 
inaccessible  on  account  of  material 
stacked  in  front  of  them.  It  is  also  a 
fact  that  the  employees  in  many  plants 
do  not  know  where  the  fire  apparatus  is 
located.  To  be  of  value  such  apparatus 
must  be  put  into  use  immediately  after 
fire  is  discovered.  It  should,  therefore, 
be  placed  prominetly  and  kept  easily 
accessible — if  not,  it  might  as  well  not  be 
provided  at  all.  Some  plants  place  ex- 
tinguishers along  center  aisles  with  a 
red  mark  on  floor  or  around  column  or 
post  on  which  extinguisher  is  hung,  and 
often  with  a  red  light  over  it  at  night. 

Inspection  should  be  made  of  all  fire- 
fighting  apparatus  including  extinguish- 
ers, fire  barrels  and  pails,  hose,  hydrants 
and  valves,  at  least  once  each  week. 
Many  of  the  large  companies  require 
such  an  inspection  every  day.  A  com- 
petent man  should  be  assigned  to  this 
inspection  service  and  should  periodi- 
cally make  a  complete  and  detailed  in- 
spection of  all  apparatus  and  equipment, 
keeping  a  record  of  the  inspection  on  a 
bk:nk  for  that  purpose.  Purposes  of 
inspection  are  to  determine  (a)  what 
possibilities  of  fire  outbreak  can  be 
eliminated,  (b)  whether  fire-fighting 
i't|uipmcnt  and  apparatus  is  in  good  con- 
dition and  accessible. 

It  has  often  been  the  case  that  extin- 
guishers were  found  empty  when  most 
needed.  In  order  to  know  at  a  glance 
v/hether  an  extinguisher  has  been  tam- 
pered with,  through  mischief  or  mali- 
ciously, some  companies  use  a  car  seal 
to  fasten  handle  of  extinguisher  to 
hanger  bracket.  These  seals  are  easily 
broken,  and  therefore  do  not  interfere 
with  use  of  the  extinguisher.  They  are, 
however,  not  replaceable,  and  hence  en- 
able the  inspector  to  know  whether  ex- 
tinguishers have  been  disturbed  for  any 
reason. 


BELTS    AND    BELT    GUARDS 


Belts  must  be  reckoned  among  the 
industrial  appliances  which  have  occa- 
sioned a  great  number  of  serious  acci- 
dents. Attention  cannot  be  too  forcibly 
called  to  precautions  which  should  br 
taken  in  the  management  and  safe- 
guarding of  these  dangerous  appliances. 
Leather  belts  are  in  general  use,  except 
in  situations  where  there  is  an  excess 
of  moisture,  heat,  grit  or  other  ex- 
ceptional conditions. 

STRENGTH. 

Engineering  manuals  indicate  a 
strength  of  2000  to  5000  pounds  per 
square  inch  for  solid  leather  belts.  This 
may  be  reduced  at  lacing  or  joint,  even 
if  well  put  together,  to  about  1000  to 
1500  pounds.  The  ordinary  type  of 
belting  cannot  safely  stand  a  tempera- 
ture higher  than   130  degrees   F. 

WORKING   LOADS. 

The  safe  working  load  may  be  learn- 
ed from  manufacturer  of  belt  and  this 
load   should   never   be   exceeded. 

TENSION. 

Belts  should  be  adjusted  to  tension 
imder  condition  as  closely  approaching 
normal  as  may  be  devised.  In  damp 
or  rainy  weather,  belts  are  liable  to 
stretch.  This  fact  should  be  considered 
in  computing  tensions  in  new  adjust- 
ments. Countershafts  with  adjustable 
hangers  are  advisable  for  new  installa- 
tions. 


'i'ho  average  distance  between  shaft 
pulleys  for  small  belts  should  not  ex- 
ceed 15  feet;  for  larger  belts,  25  feet 
and  for  main  belts  on  large  pulleys,  30 
feet. 

SPLICING    AND    LACING 

A  general  rule  in  many  large  plants 
reads  about  as  follows :  "Endless  belts 
should  be  used  wherever  possible ;  in 
case  endless  belts  cannot  be  used  (and 
the  circumstances  permit),  then  the 
belts  should  be  laced  with  rawhide  or 
leather  lacing.  Belt  hooks  or  metal 
lacing  should  not  be  used  except  where 
absolutely  necessary  in  emergencies." 
The  objection  to  the  use  of  metal  in 
joining  belts  is  its  probability  of  pre- 
senting sharp  projections  which  will  in- 
jure hands  or  catch  clothing.  For  this 
reason  if  such  lacing  is  used  at  all, 
special  care  should  be  taken  to  see  that 
it  is  not  used  in  a  situation  where  the 
hand  or  clothing  is  likely  to  come  into 
contact  with  the  belt. 

CEMENTING    AND    SPLICING 

All  authorities  agree  that  splicing  and 
cementing  is  safer  than  any  other 
method  of  joining  belts.  Claim  is  also 
made  that  belts  joined  in  this  manner 
will  wear  longer,  cut  labor  cost,  do 
smoother  work  and  give  better  service. 
Ends  of  belts  should  be  carefully  scar- 
fed down,  covered  with  cement,  and 
firmly  pressed  together.  It  is  essential 
that  the  work  be  carefully  done  by  ex- 


perienced workmen.  The  scarfing 
should  be  so  arranged  that  the  pulley 
where  slipping  is  more  likely  to  occuf 
(i.e.,  the  smaller  pulley)  will  tend  to 
smooth  down  the  scarf  end  against 
which  it  rubs  in  the  event  of  a  slip,  in- 
stead of  tending  to  roll  this  end  up. 
Vulcanizing,  with  stepping  spliee,  is 
recommended    for    rubber   belts. 

I-ACING 

When  the  belts  are  laced,  rawhide  or 
leather  lacing  is  recommended.  Ends 
should  be  cut  short  down  to  the  belt 
and  care  should  be  exercised  to  avoid 
broken  turns.  Belts  usually  weaken  and 
break  near  the  lacing.  To  avoid  weaken- 
ing belt  too  much,  holes  for  lacing 
should  be  made  with  oval  punch,  with 
the  longer  diameter  parallel  to  sides  of 
belt.  If  the  width  of  the  belt  will  per- 
mit, edges  of  holes  should  not  be  near- 
er than  %  inch  frcmi  sides  nor  less  than 
I  inch  from  ends.  The  second  row  of 
holes  should  be  st.iggered  and  about 
same  distance  from  first  row  as  first 
row  is  from  end  of  belt  to  be  spliced. 
Start  lacing  from  the  center,  lacing  both 
sides  with  equal  tightness.  Do  not 
cross  lacing  on  side  running  next  to 
face  of  pulley.  Keep  ends  of  belt  ex- 
actly in  line  while  splicing.  The  belt- 
man  should  be  protected  against  the  ac- 
cidental starting  of  the  machinery, 
preferably  by  locking  the  controlling  de- 
vice. When  the  line  shaft  cannot  be 
slopped,  special  precautions  should  be 
taken  to  prevent  the  belt  coming  into 
contact  with  the  pulley  or  wrapping  on 
the  shaft,  by  the  use  of  a  belt  perch  or 
other   attachment. 

WIRE    LACING 

The  use  of  rawliide  or  leather  lacing 
is  advocated  in  preference  to  metal  lac- 
ing. The  danger  from  wire  lacing 
arises  from  two  principal  sources  :  The 
working  out  of  tlie  clinched  ends  of  the 
wire  and  the  ragged  ends  produced  by 
a  fracture.  If  the  wire  lacing  must  be 
used,  it  should  be  in  some  form  of 
spiral  continuous  wire  stitch,  so  that 
there  will  be  only  two  clinching  points 
to  turn  into  the  leather  on  each  end  of 
the  belt,  the  two  lacings  being  hinged 
together.  Wire  lacings,  unless  machine 
made,  require  a  high  degree  of  skill. 
Care  should  be  taken  that  the  wires  lie 
below  or  flush  with  belt  surface  and  do 
not  touch  on  the  pulley.  Single  wire 
lacings,  without  hinge,  should  be  used — 
if  at  all — only  over  large  pulleys.  Lac- 
ings made  of  separate  wire  staples, 
pressed  in,  with  or  without  the  use  of 
a  hinge,  are  particularly  objectionable, 
because  the  wearing  of  the  belt  on  the 
pulleys  tends  to  throw  the  clinched  ends 
out.  Their  extreme  sharpness  consti- 
tutes particular  danger. 

TOOTHED   CUXCHE.S 

Heavy  toothed  clinches  of  the  so- 
called  "alligator"  type  are  less  danger- 
ous than  the  wire  lace  or  wire  staple 
type,  partly  because  of  their  strength 
and  partly  because  the  clinched  ends  run 
OP  the  pulley  side.  The  best  types 
have  a  double  grip. 
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The  National  Electric  Light  Association  Convention  at  Pasadena 

R.  H.  Ballard 

President, 
Electric  Light  Association 


Naliona 

SINCE  electricity  first  began  to  take  its  part  in  the 
world's  work,  there  has  never  been  a  time  when 
the   demands   for   its  generation   and   distribution 
have  been  so  enormous  as   the  present.     Innumerable- 
problems  of  national  and  international  magnitude  will 
present  themselves  for  solution  at  the  Xationnl  conven- 
tion of  the    National   Elec- 
tric   Light    Association,    in 
Pasadena,    California  from 
May  1 8th  to  May  22nd. 

Within  the  past  eleven 
months,  I  have  on  several 
tours  come  into  the  closest 
personal  contact  with  the 
men  in  ever}'  section  of  the 
United  States  who  are 
earnestly  endeavoring  to 
make  electricity'  fulfill  the 
work  which  nature  and 
destiny  have  thrust  upon  it. 
Their  problems  are  multi- 
form, difficult  and  intricate, 
and  the  forth-coming  con- 
vention at  Pasadena  im- 
presses me  as  a  forum  in 
which  many  of  the  best 
thinkers  of  the  country  will 
forge  their  ideas  into  tools 
of  wonderful  efficiency,  for 
the  welfare  of  the  people 
of  the  present  and  the  fu- 
ture. 

The    East,    the    North      ' 
and  the  Middle  West,  with 
their  enormous  populations 
demanding      the     service 

which  only  electric  energy  can  supply,  are  being  called 
upon  to  take  initiative  action  which  will  liave  its  bear- 
ing on  domestic  life  and  every  branch  of  commerce  and 
industry.  Warfare  which  involved  the  world,  brought 
us  to  a  realization  of  the  potentiality  of  electricity  for 
light,  heat  and  power  some  ten  years  earlier  than  we 
would  have  comprehended  it  under  the  normal  condi- 
tions of  peace.  Scarcely  had  the  armies  of  Germiny 
begun  their  sweep  across  the  Belgian  frontier,  than  it 
was  apparent  to  the  astute  that  such  resources  of  the 
earth  as  coal,  oil  and  lumber,  were  subjected  to  attack, 
and  that,  unless  carefullv  conserved,  their  excessive  use 


k.  H.  Ballard 

Vice  President, 

Southern  California   F.di-nn   Company 


would  mean  their  premature  depletion. 

(irouping  of  the  territory  covered  by  the  National 
l^lectric   Light   Association   into   geographical   sections, 
will  facilitate  greatly  the  systematic  discussion  of  sub- 
jects which  cannot  properly  be  divorced  from  local  con- 
(lit'ons.     The   Passidena  convention  will,  therefore,  be 
more  in  the  nature  of  a  na- 
tional    clearing    house    of 
electrical      problems     than 
any  previous  gathering. 

Financing  the  new 
electric  era,  and  so  adjust- 
ing the  increased  use  of 
electric  power  that  it  will 
not  tend  to  the  destruction 
of  capital  honestly  invested 
in  other  processes  for  the 
[iroduction  of  energy,  and 
at  the  same  time  giving 
electricity  full  opportunity 
to  perform  the  tasks  that  it 
is  fitted  to  do,  is  of  vital  in- 
terest to  the  bankers  of 
America,  and  the  Pasadena 
convention  is  of  necessity 
their  timely  occasion  for 
acquiring  direct  and  first- 
hand knowledge. 

Power  generating 
companies  are  being  called 
upon,  from  the  Atlantic  to 
the  Pacific,  to  increase  pro- 
fluction,  as  the  prices  of 
coal,  oil  and  other  portable 
tile's  advance.  The  rail- 
way lines  which  cobweb  the 
continent  and  perforin  the  gigantic  work  of  transporta- 
tion are  probably  the  greatest  consumers  of  oil  and  coal. 
It  is  apparent  that  the  electrical  industi-y  is  face  to  face 
with  the  electrification  of  some  of  the  steam  railroads, 
and  with  the  necessary  increases  of  their  generating  ca- 
[lacity  to  carry  this  new  and  heavy  load.  Upon  the 
n.anufacturers  devolves  the  necessity  of  turning  out 
electrical  machinery  and  appliances,  which  will  facili- 
tate steam  and  hydraulic  generation  and  conser\'e  the 
amount  of  current  required  for  the  operation  of  rail- 
roads, factories,  lighting  and  domestic  purposes. 

To  make  everv  home  in  .\merica  an  electric  home,. 
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and  to  see  that  the  apphances  for  doing  the  work  that 
has  been  done  by  coal  and  oil  are  of  the  highest  type, 
and  perfectly  installed,  will  be  important  matters  for 
jobbers,  dealers,  and  contractors,  but  all  of  these  themes 
must  be  in  tune  with  this  one  great  chord — service. 
Service  with  profit;  service  that  will  make  electricity 
serve  the  people  as  no  other  servant  has  served  it ;  ser- 
vice first,  last  and  always — the  service  that  really 
serves. 


Effect  of  Electrical  Removal  of 
Limitations 

Gen,  Guy  E.  Tripp 

Chairman, 

Westinghouse   Electric  &   Mfg.   Company 

PERHAPS  the  most  fundamental  change  in  our 
industrial  practice  that  has  occurred  within  the 
present  generation  is  the  substitution  of  mechan- 
ical for  animal  power.  Not  only  has  the  automobile 
replaced  the  horse,  and  the  street  car  motor  the  mule, 
but  the  farmer's  grain  is  threshed  and  his  cows  are 
milked  by  mechanical  power,  while  no  household  is 
complete  without  the  vacuum  cleaner  and  electric  wash- 
mg  machine,  and  even  the  palm  leaf  fan  has  been  sup- 
planted. '  It  would  be  difficult  to  estimate  the  effect  of 
this  substitution  on  our  daily  life  and  on  the  progress 
of  the  nation,  but  it  is  interesting  to  note  that  it  has  not 
been  brought  about  by  any  basic  discoveries  in  the  source 
of  power.  Power  is  still  produced  by  burning  fuel 
under  boilers  or  by  utilizing  the  energy  of  falling  water, 
and  in  much  the  same  way  as  it  used  to  be  produced 
except  that  improved  design  and  construction  has  low- 
ered the  cost.  The  development  which  has  made  this 
fundamental  change  possible  is  the  generation  and  dis- 
tribution of  electricity  which,  although  not  a  primary 
source  of  power  itself,  is  now  the  most  convenient, 
in  fact,  the  only  available  agent  for  the  distribution  and 
utilization  of  power  over  wide  areas  and  in  units  as 
large  or  as  small  as  the  needs  of  the  consumer  may 
require. 

As  the  art  progressed  and  it  became  commercially 
feasible  to  distribute  power  over  larger  and  larger  areas 
from  a  single  source,  improvement  in  steam  and  water 
power  generation  was  stimulated  and  the  size  and  ef- 
ficiency of  generating  units  steadily  increased.  We  are 
familiar  with  the  rise  and  fall  of  the  isolated  plant 
which,  though  playing  a  very  valuable  part  in  its  time, 
had  to  go  the  way  of  the  horse  and  the  wash  tub  when 
the  march  of  improvement  made  it  possible  for  the 
central  station  to  supply  power  with  greater  reliability 
and  for  less  money.  Industrial  progress  is  inexorably 
controlled  by  economic  laws,  so  that  the  wonderful  de 
velopment  of  today  may  be  found  in  the  scrap  heap  of 
tomorrow,  should  something  better  be  found. 

Indications  are  not  lacking  that  the  next  progres- 
sive step  will  be  the  creation  of  the  "Central  Station  of 
Central  Stations"  or,  as  it  has  come  to  be  called  in  some 
quarters,     "The     Superpower     System".     The     same 


reasons  which  resulted  in  discarding  the  isolated  plant 
now  point  towards  elimination  of  the  small  central  sta- 
tion and  perhaps  manj'  of  the  large  central  stations  as 
well,  which  for  one  or  another  reason  may  not  be  able 
to  produce  electric  power  at  as  low  a  cost  as  it  can  be 
supplied  by  a  superpower  system.  This  advance  in  the 
art  involves  no  new  principles,  neither  is  it  entirely  for 
the  future,  since  substantial  progress  has  already  been 
made  in  a  number  of  districts.  In  California  and  in- 
ihe  southeastern  states,  owing  to  favorable  local  con- 
ditions and  the  enterprise  of  far-seeing  men,  there  al- 
ready exist  interconnected  power  lines  serving  large 
areas.  It  is,  however,  in  the  densely  settled  manufac- 
turing districts  of  the  North  Atlantic  seaboard  that  per- 
haps the  greater  economies  are  possible,  although  so 
far  there  has  been  less  progress  in  this  region  than 
elsewhere.  Having  had  the  economic  possibilities 
brought  to  their  attention,  the  Federal  authorities  are 
I'ow  considering  a  Government  power  survey  of  the 
North  Atlantic  seaboard  from  Boston  to  Washington 
which,  if  undertaken,  should  show  both  the  power  de- 
mand and  the  power  resources  of  that  region.  A  pre- 
liminary and  confessedly  approximate  analysis  indicates 
that  the  savings  to  be  effected  by  developing  and  pooling 
the  power  resources  and  by  theii  most  economical  use 
will  be  of  the  order  of  magnitude  of  hundreds  of  millions 
of  dollars  per  year.  Large  as  these  figures  sound  they  by 
no  means  correctly  measure  the  benefits  to  be  secured 
by  such  a  plan,  because  the  maximum  advantage  af- 
forded by  electrical  distribution  is  not  in  the  reduction 
in  the  cost  of  doing  things  in  the  old  way  but  the  op- 
portunity afforded  to  do  old  things  in  a  better  way,  and 
to  do  many  new  things  which  were  not  before  possible. 
The  electrification  of  a  steam  railroad,  for  example, 
effects  a  saving  in  fuel  which  reliable  tests  have  shown 
may  conservatively  be  stated  at  fifty  percent.  Electrifi- 
cation also  permits  many  other  striking  economies,  but 
the  real  and  controlling  advantage  is  not  economy,  but 
the  increased  capacity  of  the  railroad  to  transport  ad- 
ditional freight  and  passengers  without  the  necessity'  for 
the  construction  of  expensive  additional  tracks  or 
terminal  facilities. 

Our  entire  railroad  transportation  system  has  been 
built  up  around  the  characteristics  of  the  steam  loco- 
motive and  is  subject  to  its  limitations.  Electrification 
removes  many  of  these  limitations  and  permits  a  re- 
construction of  traffic  methods  so  radical  as  not  always 
tc  be  easy  of  comprehension.  The  steam  locomotive  is 
a  complete  independent  unit.  It  carries  its  boiler  and 
its  power  is  limited  by  the  steam  which  that  boiler  can 
generate.  Furthermore,  its  tractive  effort  is  limited  by 
the  weight  on  its  drivers.  The  electric  locomotive  on 
the  contrary  has  available^  the  steam  power  of  all 
the  boilers  in  its  power  house,  while  die  ability  to  op- 
erate any  number  of  locomotives  as  a  unit  from  one  cab 
also  removes  the  traction  limitation.  In  effect,  electri- 
fication substitutes  for  a  rigidly  limited  motive  power 
one  that  is  practically  unlimited.     The  result  is  that  the 
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niaxima  of  train  tonnage  and  speed  are  no  longer  set  by 
motive  power  but  are  controlled  perhaps  by  drawbar 
strength,  length  of  sidings,  a  proper  regard  for  oper- 
ating safety  or  some  other  features  established  by  exist- 
ing conditions,  but  which  are  not  fundamental  and, 
therefore,  are  susceptible  of  modification  when  neces- 
sary. 

As  the  country's  traffic  demands  have  grown, 
nearly  every  transportation  system  has  developed  one 
or  more  congested  sections  which  limit  its  capacity. 
Therefore,  the  far-reaching  effect  of  removing  these 
limits  or  of  their  very  considerable  expansion  can  well 
be  left  to  the  imagination. 

What  may  be  accomplished  by  electrifying  certain 
sections  of  our  steam  railroads  is  paralleled  by  the 
possibilities  of  accomplishment  in  many  other  industries. 
I  have  referred  to  it  briefly  above  to  illustrate  and  to 
emphasize  some  of  the  industrial  possibilities  which  the 
advance  in  the  electrical  arts  has  given  our  country. 

It  may  be  safely  predicted  that,  in  their  efforts  to 
rehabilitate  their  industries  and  under  the  tremendous 
burdens  imposed  by  the  world  war,  the  nations  of 
Europe  will  in  time  compete  for  foreign  trade  more 
keenly  than  ever  before,  even  if  they  do  not  vigorously 
invade  our  domestic  markets.  Among  its  other  ad- 
vantages, the  United  States  possesses  power  resources, 
both  in  fuel  and  in  water,  exceeding  those  of  any 
European  nation.  But  it  will  only  be  by  the  exercise  of 
keen  foresight,  coupled  with  initiative  and  courage,  and 
fostered  by  liberal  and  just  laws  that  we  can  expect  to 
reap  the  benefit  of  this  advantage. 


The  Greatest  Development  in  Electrical 
History 

Milan  R.  Bump 

Chief  Engineer, 

Henry  L.  Doherty  &  Co. 

A  FEW  YEARS  ago  at  a  meeting  of  the  Ohio 
Electric  Light  Association,  in  discussing  the 
rapid  changes  which  were  taking  place  in  the 
electric  light  and  power  industry,  the  writer  made  the 
prediction  that  the  old-time  standards  by  which  com- 
mercial development  had  been  judged  were  rapidly  be- 
coming obsolete.  Up  to  that  time  an  electric  central 
station  company  having  gross  earnings  of  six  or  seven 
dollars  per  capita  was  considered  to  be  progressive  in 
the  development  of  its  territory.  Within  the  past  four 
years,  conditions  have  changed  so  rapidly  that  there 
are  cities  today  where  the  central  station  receipts  are 
already  in  excess  of  thirty  dollars  per  capita;  and  in 
the  same  cities  the  power  shortage  seems  to  be  more 
acute  than  ever  before.  This  applies  particularly  to  the 
mdustrial  districts  of  Western  Pennsylvania  and  East- 
ern Ohio.  During  the  war  the  shortage  of  power  in 
this  district  was  particularly  acute  and  was  the  subject 
of  serious  consideration. 

A  recent  survey,  bringing  down  to  date  the  reports 
of  Government  engineers  made  in   1916  and  1917.  in- 


dicates that  the  shortage  at  this  time  is  much  more 
acute  than  it  was  at  any  time  during  the  war  and  that 
there  is  an  urgent  need  for  the  addition  of  not  less  than 
500  000  kilowatts  of  capacity  in  this  territory  before  the 
end  of  1921,  in  addition  to  the  large  capacity  now  under 
construction,  and  without  taking  into  account  the  needs 
of  the  steam  railroads. 

This  industrial  growth  has  come  about  with  ex- 
treme rapidity.  As  an  example,  one  town  of  thirty 
thousand  people  in  Eastern  Ohio  reported  a  peak  load 
of  I  500  kilowatts  and  a  yearly  generation  of  six  million 
kilowatt  hours  for  the  year  1914.  This  same  town  now 
has  a  peak  load  of  24  000  kilowatts  and  the  yearly  gen- 
eration will  exceed  80  million  kilowatt-hours,  while 
the  load  now  in  sight  will  more  than  double  the  present 
output. 

This  rapid  development,  together  with  the  change 
in  the  economies  effected,  has  caused  power  plants  to 
be  built  and  extended  rapidly.  All  of  the  old  rules  re- 
garding depreciation,  covering  obsolesence  and  in- 
adequacy, have  failed  and  as  a  result  large  investments 
are  now  practically  useless  because  they  are  outgrown, 
even  before  the  appearance  of  newness  has  passed. 

The  change  in  central  stations  from  electric  light 
as  the  primary  production  to  the  primary  production 
of  electric  power  has  revolutionized  the  practice  of  rate 
making.  It  is  only  a  few  years  ago  that  the  central 
station  operator  was  guided  by  the  idea  that  he  was 
disposing  of  the  by-product  of  off-peak  capacity  and 
depended  primarily  upon  electric  lighting  to  carry  his 
base  charges.  Furthermore,  it  was  frequently  neces- 
sary, in  order  to  compete  with  the  then  existing  private 
plants,  to  sell  power  at  figures  closely  approaching  the 
cost  of  power  at  the  switchboard.  Now  the  problem 
is  entirely  reversed  and  prospective  power  users  realize 
that,  in  rate  making,  the  full  value  of  the  plant  capacity 
required  for  his  uses  must  be  taken  into  account. 

The  war  served  to  accentuate  this  situation,  which 
was  rapidly  becoming  serious  in  many  localities,  due  to 
the  use  of  power  rates  installed  on  the  off-peak  theory. 
During  the  past  three  years,  it  has  been  necessary  for 
practically  every  power  company  in  the  country  to  make 
rate  adjustments  and  the  educational  value  of  the  work 
of  adjusting  these  rates  has  had  a  decided  effect  upon 
the  industry.  There  has  been  a  marked  change  in  the 
attitude  of  state  and  municipal  regulatory  bodies  and 
further  changes  are  taking  place.  Power  companies 
today  have  practically  no  difficulty  in  securing  recog- 
nition in  their  rates  for  their  increased  operating  costs. 

There  also  is  another  factor,  namely,  the  increased 
cost  of  capital,  which  is  gradually  being  brought  to  the 
attention  of  regulatory  bodies  and  which  must  be  fully 
recognized,  if  a  very  serious  situation  is  to  be  averted. 
There  seems  to  be  practically  no  limit  to  the  amount  of 
power  that  can  be  utilized  in  this  country,  if  plant 
capacity  can  be  made  available.  It  is  not  merely  a  ques- 
tion of  the  financing  of  public  utilities,  but  an  enormous 
industrial  activity  must  be  financed  and  the  industries 
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desiring  to  use  power  are  as  vitally  interested  in  the 
working  out  of  a  financial  plan  as  are  the  central  sta- 
tions. Money  cannot  be  obtained  today  at  the  rates 
which  formerly  prevailed.  It  is  obvious,  therefore, 
that  one  of  two  things  must  happen,  if  the  power  plant 
developments  are  to  continue.  Either  the  Public  Ser- 
vice Commissions  must  recognize  the  present-day  costs 
of  money  and,  in  authorizing  rates  for  service,  take  into 
consideration  the  rapid  amortization  of  the  investment 
made  necessary  under  present  conditions,  or  the  in- 
dustries affected  must  assist  in  financing  the  plant  ex- 
tensions and  must  carry  the  securities  of  the  power 
companies,  until  a  market  does  exist  for  the  disposal 
of  these  securities  to  investors. 

General  recognition  of  the  desirability  of  purchas- 
ing power  seems  to  prevail  throughout  the  country. 
The  economic  theory  of  the  central  station  is  now  recog- 
nized as  being  soiind  and  today  almost  every  power  user 
prefers  to  purchase  power  rather  than  to  build  his  own 
private  power  plant.  The  quantities  of  energ>'  are 
reaching  such  magnitude  that  the  economy  of  power 
plants  located  close  to  fuel  supply  and  to  adequate  con- 
densing facilities  is  apparent.  The  trend  of  this  de- 
velopment will  be  to  relieve  the  railroads  of  the  burden 
of  handling  tremendous  quantities  of  fuel  and  to  assist 
them  in  meeting  the  present  problems  of  congestion. 

A  statement  recently  made  to  the  effect  that  the 
railroads  themselves  might  cut  their  own  fuel  require 
ments  to  the  extent  of  more  than  loo  million  tons  per 
year  by  eliminating  steam  locomotives  through  electri 
fication,  adds  further  proof  of  the  recognition  of  the 
value  of  large  central  stations.  In  many  localities, 
groups  of  central  stations  could  be  better  sei-ved  with 
one  or  two  very  large  stations  located  nearer  the  sourc 
of  fuel  supply.  The  only  thing  holding  back  the  de- 
velopment of  these  projects  today  is  the  financial  situa- 
tion. If  the  financing  can  be  arranged,  it  appears  thai 
there  will  be  a  growth  of  power  plant  capacity,  during 
the  next  five  years,  that  will  mark  the  period  as  the  one 
of  greatest  development  in  the  history  of  the  electrical 
industry.  The  theory  is  sound  and  every  economic 
reason  calls  for  the  development.  It  does  not  seem 
over-optimistic  to  say  that  a  way  must  be  found  an.l 
will  be  found  to  carry  out  this  development. 


Sound  Central  Station  Policies 

JOSEI'I!    B.    McC.'\M. 

l"'rcsidcnt, 

Philadelphia  Electric  Company 

I'ast  President,   Xational   Electric  Light  .'\ssociation 

IT  IS  l^NNECESSARY  to  dwell  here  on  the  nature, 
importance  and  value  of  co-ordination,  co-operation 
and  service.  They  are  elemental  factors  upon 
which  productive  industry  is  based,  and  their  derange- 
ment causes  such  conditions  as  are  now  generally  pre- 
vailing. Today  the  people  of  the  country  are  too  full 
of  talk  about  individual  rights,  and  pay  too  little  atten- 
tion to  the  performance  of  their  individual  duties.  "The 
Ir.borer  is  worthy  of  his  hire",  as  the  Good  Book  says. 


but  he  ought  to  deliver  the  goods.  There  is  no  real  con- 
flict between  individual  rights  and  duties.  They  are 
interdependent  and  could  not  exist  separately  without  a 
reversion  to  savagery.  The  artificial  conflict  stirred  up 
will  be  vanquished  by  truth  and  fair  dealing.  It  is  up 
to  the  men  in  the  operating  departments  of  their  par- 
ticular business  to  have  the  proper  attitude  towards 
those  under  their  authority.  Set  an  example  of  indus- 
try; treat  the  men  fairly;  consider  their  needs  and  cir- 
cumstances and  you  will  find  you  can  steer  them  away 
from  dangerous  currents  of  discontent.  Fortunately, 
n;ost  of  the  employees  in  our  industry  think  for  them- 
selves and  are  less  likely  to  be  led  by  deliberate  or  de- 
luded disciples  of  unrest.  Central  Station  men  have 
given  and  will  give  full  effort  to  their  work.  To  con- 
dense the  foregoing — J(jin  up  individual  rights  with  in- 
dividual duties. 

The  fuel  problem  is  one  to  v/hich  everyone  in  the 
electrical  industry  should  be  giving  attention.  The  high 
pile  has  become  the  low  pile  and  the  low  price  the  high 
price,  and  the  latter  is  gradually  becoming  prohibitive, 
especially  under  rate  regulation,  because  relief  cannot 
come  fast  enough.  While  this  is  a  vital  problem  with 
us,  the  coal  question  is  of  national  importance  as  well. 
Coal  is  a  national  asset.  From  the  75  percent  of  the 
nation's  coal  that  is  burned  under  boilers  to  produce 
steam  there  is  obtained  less  than  13  percent  of  its  latent 
energy  for  useful  purposes.  The  electric  central  station 
is  a  positive  factor  for  betterment  in  this  situation  as 
the  power  company  obtains  two  to  three  times  the  effi- 
ciency from  coal  that  small  isolated  plants  can  obtain 
under  the  most  favorable  circumstances. 

It  has  been  estimated  that  the  public  utilities  of  this 
country  consume  50  000  000  tons  of  coal  per  year.  This 
tonnage,  at  an  average  price  of  $6.00  per  ton  delivered, 
represents  a  coal  bill  of  $300000000.  In  Philadelphia, 
our  estimated  requirements  for  this  year  are  i  000  000 
tons  of  coal.  If  we  could  obtam  an  increased  efficiency 
of  one  percent  in  generating  energy,  we  would  save,  on 
this  basis.  lonoo  tons  of  .coal  during  the  year  which,  at 
the  above  mentioned  cost,  would  represent  a  saving  of 
$60  000.  Such  an  increased  efficiency  of  one  percent 
represents  a  saving  equal  to  the  interest  on  an  invest- 
ment of  $1  000000.  It  means  that  much  greater  ability 
to  finance  extensions.  This  principle  can  be  applied  to 
total  station  costs — the  fundamental  place  for  economy. 
We  should  especially  bend  our  energies  in  this  direction. 
It  promises  the  most  fruitful  field  for  individual  and 
organized  research  and  investigation. 

The  National  Committee  on  Gas  and  Electric  Ser- 
vice is  now  considering  a  union  of  interests  looking  to- 
wards lower  prices  for  coal,  based  upon  total  demands, 
and  also,  transportation  costs  by  different  methods  of 
delivery,  especially  applied  to  the  summer  season,  equal- 
izing the  use  of  labor  and  rolling  stock  on  the  trans- 
portation systems.  This  in  turn  should  effect  a 
broadening  of  the  working  operations  at  the  mines.  The 
importance  of  this  work  cannot  be  over-estimated.  It 
means  continued  economies  to  the  ultimate  consumers 
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with  fair  return  to  the  employes  and  investors  of  the 
utility  company. 

More  attention  is  being  paid  today  than  ever  before 
to  the  purchase  and  sale  of  power  between  companies 
m  the  same  or  adjoining  territories.  This  is  an  eco- 
nomically sound  policy  that  should  be  developed.  It 
will  benefit,  mutually,  the  public  and  utility  companies 
and  assist  greatly  in  extending  the  advantages  of  central 
station  service.  Economy  of  investment  will  obviously 
result  from  thus  using  each  others  reserves ;  permitting 
a  helpful  saving  of  investment  by  the  reduction  of  the 
necessary  reserve  apparatus.  It  will  lead  to  such  eco- 
nomies as  will  insure  a  profitable  business  future.  Fi- 
nancing will  be  easier  by  thus  conserving  money  for  in- 
vestment. Less  investment  will  lie  unproductive  and 
therefore  earnings  will  be  increased.  This  will  enable 
u?  to  protect  rates  to  the  public  and  increase  the  divi- 
dends of  our  stockliolders.  This  subject  is  of  such  im- 
portance that  it  deserves  the  closest  study  by  all  of  us 
engaged  in  this  business.  There  is  at  present  much 
available  data,  and  it  should  be  gathered  and  made  easily 
obtainable. 

Contemplated  changes  in  the  National  Electric 
Light  Association  organization  and  constitution  will  be 
considered  at  the  Convention  in  Pasadena,  and  it  is  be- 
lieved that  changes  will  be  made  which  will  result  in 
the  Geographical  Sections,  such  as  the  Pennsylvania 
Electric  Association,  becoming  increasingly  more  impor- 
tant. The  new  plan  will  permit  more  intensive  work 
and  avoid  much  duplication.  This  emphasis  on  the 
Geographical  Section  is  the  logical  development. 

Reliability  is  still  the  cardinal  principle  of  the  cen- 
tral station  industry.  During  the  war  years,  most  elec- 
tric companies  were  strained  to  the  maximum  to  supply 
essential  industries ;  on  the  other  hand,  needed  materials 
and  finances  for  maintenance  and  extensions  were  not 
available.  As  a  result  we  must  now  redouble  our  efforts 
to  bring  our  plant  equipment  up  to  such  standards 
as  will  insure  reliability  and  continuity  of  service. 


The  ^A/'ater  Power  Situation 

Franklin  T.  Griffith 

President, 

Portland  Electric  Light  and  Power  Co. 

IN  order  to  do  their  full  share  in  the  upbuilding  of 
the  communities  in  which  they  are  located,  public 
utility  companies  must  add  to  their  equipment,  and 
extend  their  service  lines  w-ith  sufificient  rapidity  to  keep 
pace  with  the  growth  of  the  industrial  load.  Often  this 
industrial  growth  is  at  a  greater  rate  than  that  of  the  in- 
crease in  population.  A  very  important  part,  therefore, 
in  the  communitv'  life  is  played  by  the  utility  company 
and  its  responsibilities  are  heavy. 

One  of  the  principal  difficulties  confronting  many 
companies  is  that  the  community  as  a  whole  does  not 
clearly  understand  that,  in  order  to  secure  the  funds 
necessar}'  to  make  the  desired  additions  to  plant  and 
equipment,  it  is  necessary  that  the  money  already  in- 
vested be  allowed  a  fair  return.  This  is  only  possible 
when   the   utility   commissions   allow   the   utilities   such 


rates  for  service  as  will  produce  the  fair  return.  There 
is  much  room  for  improved  co-operation  between  the 
utilities,  the  commissions  and  the  public,  to  the  end  that 
the  community  may  forge  ahead  at  the  maximum  rate. 

During  the  war,  interconnections  were  made  for 
the  purpose  of  transferring  electric  energy  from  certain 
systems  having  surplus  capacity  to  adjacent  systems 
lacking  capacity.  The  benefits  derived  from  these  in- 
terconnections were  so  marked  that  there  is  now  a 
general  movement  on,  which  will  result  v/ithin  a  few 
years,  in  a  more  or  less  complete  tying  together  of  the 
systems  of  the  country. 

Much  progress  has  already  been  made  along  these 
lines  in  the  West  where  the  benefits  to  be  derived  are 
very  large.  In  this  part  of  the  United  States,  electric 
energy  is  produced  principally  by  the  use  of  water 
power,  and  the  creation  of  large  transmission  networks 
afford  the  opportunity  of  shifting  energ}'  from  one  sys- 
tem to  another  and  the  conserving  of  flood  waters,  which 
otherwise  would  go  to  waste,  for  use  during  the  season 
c  f  short  water. 

Inasmuch  as  approximately  70  percent  of  the  poten- 
tial water  horse-power  of  the  United  States  is  located 
if  the  Western  states,  all  but  a  few  percent  of  which  is 
subject  to  federal  control,  on  account  of  being  all  or  in 
part  within  the  confines  of  federal  reserves,  and  because 
the  high  costs  of  Western  fuels  make  water  power  the 
principal  source  for  the  production  of  electric  energy, 
ii  is  apparent  that  a  more  complete  utilization  of  the 
\\ater  power  is  the  controlling  factor  in  the  develop- 
Hicnt  of  industry  in  this  region. 

The  result  of  the  interconnection  of  systems  will 
be,  in  effect,  a  monopoly.  It  will  be,  however,  a 
monopoly  for  the  benefit  of  the  public,  as  much  as  for 
the  utilities,  and  it  will  be  a  signal  step  in  the  West  to- 
ward the  conservation  of  natural  resources,  for  it  will 
make  possible,  by  the  use  of  water  which  otherwise 
would  be  wasted,  the  saving  for  future  use  of  large 
quantities  of  fuel  oil. 

The  public  will  be  amply  protected,  as  water  powers 
are  gradually  developed  and  applied  to  the  common  net- 
Vvork,  because  no  capitalization  of  the  water  rights  on 
the  public  domain  will  be  permitted.  The  rates  and  is- 
suance of  securities  will  be,  in  general,  under  the  juris- 
diction of  commissions — commissions  which  already 
have  jurisdiction  as  to  the  issuance  of  securities  in  some 
of  the  Western  states,  and  in  effect  they  have  it  in  all 
cases,  because  no  company  would  think  of  issuing  se- 
curities for  new  construction  unless  it  was  with  the  as- 
surance that  the  public  would  allow  such  a  rate  as  to 
enable  it  to  pay  the  interest  on  such  securities. 

We  are  at  the  threshold  of  a  new  era.  The  pass- 
age of  a  water  power  law  which  will  attract  capital  to 
new  hydroelectric  enterprises,  the  creation  of  a  com- 
munity of  interest  through  interconnection  of  systems 
into  large  networks  and  the  intelligent  co-operation  of 
the  utilities,  the  commissions  and  the  public,  which  will 
he  brought  about  thereby,  will  result  in  the  rapid  up- 
building of  an  industrial  \\'est. 
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S.  Q.  Hayes 
Switchboard  Engineer, 
stinghousc  F.lectric  &  Mfg.  Company 


THIS  ARTICLE  discusses  in  a  general  way  some  of  the  principal  features  of  switching  and  protection 
of  power  transmission  systems.  It  deals  principally  with  oil  circuit  breakers,  relay  equipment,  lightning 
arresters,  station  layouts  and  system  arrangement.  A  few  high-voltage  transformers  used  on  some  of  the 
larger  systems  are  described,  and  attention  is  called  to  a  few  other  of  the  more  important  features.  The 
term  "power  transmission"  will  be  limited  in  this  article  to  generating  stations  where  practically  all  the 
power  is  stepped  up  by  transformers  and  very  little  is  distributed  at  the  generated  voltage.  This  practically 
limits  the  article  to  plants   furnishing  power  at  22  kv  and  above. 


TRANSFORMERS  for  step-up  service  at  the  gen- 
erating station  and  corresponding  step-down  ser- 
vice at  other  points  may  be  either  single-phase  or 
three-phase,  naturally  or  arttticially  cooled.  Water- 
cooled  transformers  are  usually  employed  on  the  larger 
systems,  where  water  is  available.  The  relative  advan- 
tages of  the  different  types  cover  too  broad  a  field  to  be 
discussed  at  length  in  this  article.  The  main  advan- 
tages claimed  for  single-phase  transformers  are  based 
on  the  fact  th.-at  a  spare  unit  is  of  only  one-third  the 
size  of  a  spare  unit  for  three-phase  service,  and  that, 
where  the  transformers  are  operated  in  delta,  one  of  the 


cost  of  the  three-phase  o\er  three  single-phase  units, 
each  of  one-third  the  capacity.  In  certain  cases,  the 
question  of  shipment  and  handling  at  destination  may 
make  it  imperative  to  utilize  single-phase  units.  In 
general,  for  transformer  circuits  of  more  than  15000 
kv-a.  capacity,  three  single-phase  units  will  be  preferable 
to  one  three-phase  unit. 

The  natural  cooled  transformers  are  made  in  plain 
rases  up  to  a  certain  capacity,  depending  upon  the  volt- 
age and  frequency,  and  beyond  this  size  it  is  desirable 
to  employ  transformer  cases  of  fluted  construction  or 
with  external  radiators,  in  order  to  obtain  the  additional 


11',.    I       CUOUl'   OF   4.400    KV-.\,    115000    \"l   i     11:  \  \^1  oKMlKS 

Instilled  in  the  generating  station  of  the  Inawashiro  Hydro-Electric  Power  Company,   lapaTi. 


three  can  be  cut  out  of  service  and  the  two  remaining 
units  still  furnish  three-phase  power.  Where  trans- 
formers are  star  connected  on  the  high-tension  side,  as 
is  usual  practice,  this  latter  advantage  cannot  be  claimed. 
Where  the  number  of  transformer  circuits  does  not 
exceed  two  or  three,  single-phase  transformer  banks 
with  one  spare  normally  cost  somewhat  less  than  the 
corresponding  number  of  three-phase  transformers  with 
a  three-phase  spare  unit.  When  there  are  more  than 
three  transformer  circuits,  three-phase  units  with  one 
spare  transformer  may  be  cheaper.  A  point  is  reached, 
however,  in  the  construction  of  transformers  of  large 
capacity,  where  there  is  no  appreciable  saving  in   the 


cooling  surface  required  to  dissipate  the  heat  caused  by 
the  transformer  losses. 

Artificially-cooled  transformers  of  the  air-blast  type 
have  been  built  for  voltages  up  to  25  000,  and  have  been 
einployed  principally  in  city  service  where  fire  regula- 
tions prevented  the  use  of  oil-insulated  transformers. 
Even  with  oil-insulated  transformers  of  the  self-cooling 
type,  an  air  blast  has  occasionally  been  utilized  to  assist 
in  carrying  off  the  heat. 

Most  of  the  artificially-cooled  transformers  in 
.\merica  are  oil  insulated  and  the  cooling  is  obtained  by 
means  of  water  circulating  through  cooling  coils  placed 
under  the  oil  near  the  top  of  the  transformer  tank.     In 
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a  few  instances,  however,  in  America  and  a  large  num- 
ber of  cases  in  Europe,  oil  circulation  has  been  adopted, 


inc.    2 — 5833    KV-A,    150000    VOLT    SINGLE-PHASE    TRANSFORMER 

Installed  at  the  Big  Creek  Power  Station  of  the  Southern 
California  Edison  Companj-, 

the  oil  being  withdrawn  from  the  transformer  tank  near 
the  top,  passed  through  an  external  cooling  device  and 
then  delivered  to  the  transformer  near  the  bottom.  As 
a    rule,   the    water-cooled    transformers    are    somevv'hat 


Transformers  of  the  various  types  mentioned  can 
be  made  either  for  indoor  or  outdoor  service,  but  dur- 
ing the  last  few  years  probably  80  percent  of  all  high- 
voltage  transformers  built  in  America  have  been  ar- 
ranged  for  outdoor  service.  In  some  cases,  where  new 
generating  stations  have  been  installed  on  old  power 
systems,  the  new  equipment  was  supplied  with  indoor 
transformers  and  indoor  high-tension  switching,  in 
order  to  correspond  with  some  of  the  old  installations. 

Whenever  any  comparatively  level  space  is  available 
adjacent  to  the  generating  station,  outdoor  transformers 
and  outdoor  switch  gear,  with  the  concrete  foundition 
and  the  steel  work  necessary  for  the  busbars  and  wi.-ing, 


nC.    .) — 16000    KV-A.     107000    VOI.T.    THREE-PHASE    INDOOR 
TRANSFORMER 

Installed  at  the  Holter  plant  of  the  Montana  Power  Company, 
usually  work  out  much  cheaper  than  the  corresponding 
indoor  equipment.  It  occasionally  happens,  however, 
particularly  where  a  hydro-electric  generating  station 
is  located  in  a  gorge,  that  no  level  space  can  be  found 
near  the  station  suitable  for  a  transformer  and  switch 
yard,  and  in  such  cases  indoor  transformers  and  indoor 
switch  gear,  even  with  the  building  to  house  them,  may 
prove  to  be  the  best  arrangement. 

A  portion  of  the  indoor  transformer  equipment  in- 

iin.  3-con.s  anii  iron  of  the  transformer  shown  in  fig.  2       sialled  by  the  Inawashiro  Hydro-electric  Power  Co.  in 

cheaper  than  transformers  for  forced  oil  circulation,  if     Japan,  is  shown  in  Fig.  i.     The  generating  station  con- 

the  external  cooling  equipment  for  the  transformers  is     tains  twelve  4400  kv-a.,  6600-115  000  volt,  single-phase 

included  in  their  costs.  transformers,  oil  insulated,  water  cooled,  connected  in 
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four  banks  of  three  each,  delta-deUa,  while  at  the  Tokio 
receiving  station  there  are  twehc  |ooo  kv  a.  oil-in- 
sulated, water-cooled  trans- 
formers stepping  down  ironi 
looooo  volts  to  IIOOO 
volts. 

When  this  plant  was 
installed,  Japanese  regula- 
tions would  not  allow  out- 
door transformers  to  be 
utilized  for  extra  high-volt- 
age. Due  to  the  shipping 
limitations  over  a  narrow 
gauge  railway  it  was  nec- 
essary to  build  these  trans- 
formers with  tanks  of  com- 
paratively small  diameter 
for  their  output.  Tin 
transformers  are  each  lo- 
cated in  a  separate  com- 
partment and  arranged  so 
that  they  can  lie  rolled  out 
into  the  generating  station 
to  be  handled  by  the  over- 
head crane.  The  structure 
containing  the  low-tension 
bus-bars  and  circuit  breakers  is  located  back  of  the 
transformers,  while  the  high-tension  switchroom  is  above 
the  transformers. 

One  of  the  six  5833  kv-a.  transformers  furnished 


SLLF-COOLIXC;    FM;  Ikl]    CASK    IKANSrOU.MF.RS 

Installed   at    the   West   Farms    station   of    the    New   York, 
Xcw  ITavcn  &  Hartford  Railroad,   for  outdoor  service. 


to  150  000  volts  Star,  with  an  arrangement  for  grounding 
the  neutral  of  the  star  of  the  generating  station.  Power 
IS  transmitted  to  Los  Ange- 
les, a  distance  of  275  miles. 
These  transformers  are 
among  the  largest  and  high- 
est voltage  transformers 
ever  built  for  indoor  service 
for  single- phase.  Fig.  3 
shows  the  coils  and  iron  of 
this  transformer,  indicating 
the  staunchness  of  the  brac- 
ing and  the  general  sub- 
stantial structure. 

One  of  the  four  1 2  000 
k\-a.  normal,  16000  kv-a. 
ma.Kimum  rated,  three- 
phase,  water-cooled  trans- 
formers furnished  for  indoor 
service  at  the  Holter  plant 
of  the  Montana  Power 
Company  stepping  up  from 
()  600  to  107000  volts  is 
shown  in  Fig.  4.  The  fact 
that  the  balance  of  the 
generating  stations  on  the 
Montana  Power  Company's  system  were  arranged  for 
indoor  service  made  it  advisable  to  have  the  Holter 
Plant  arranged  in  the  same  manner.  In  thi<;  transformer 


FIG.   6 — 1000    K\-A,    100  OUU    \ul.l     lUlHLAR    TYl'E    StLF-COOLING 
OUTDOOR    TKANSFORMF.R 

Installed  by  the  Sonlhern  Power  Company, 
to  the  Big  Creek  power  plant  of  the  Southern   Cali- 
fornia Edison  Co.  is  shown  in  Fig.  2,  three  of  these 
tiansformers  being  used  in  a  group  in  connection  with  a 
17  500  kv-a.  generator  stepping  up  from  6600  volts  delta 


FU;.    7 — 2500-5000    KV-A,    IJ2  0OO   VOLT,    Sl.\l.l.F-I>H ASE   OUTDOOR 
TRANSFORMER 

Installed  at  the  Washington,  Pa.,  substation  of  the  West 
Penn  Power  Company. 

the  water-cooling  coils  are  brought  through  the  side  of 
the  tank  below  the  oil  level  to  facilitate  complete  drain- 
age of  the  coils. 

Tw-o  types  of  outdoor  self  cooling  transformers  are 
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illustrated  in  Fig.  5,  supplying  power  to  the  New  York,     Farms  station,  where  power  is  received   from  the  cir- 
New    Haven   &    Hartford    Railroad.     The    5000   kv-a.     cuits  of  the  New  York  Edison  Company. 


FIG.    8 GROUP    OF    8333    KV-A,    66  OOO    \(J1.T,    SIN(iLK-I'H  ASE,    RADIAIvi;    IVI'K    1  l(A,N  ^FUIiMP:KS 

Installed  at  the  Briniots  Island  plant  of  thf  Duquesne  Light  Compan\-. 

/ 

transformers  furnish  the  energy  across  the  phase  nor-  One  of  the  tubular  type  self  cooling  transformers 

mally  used  for  railway  service,  while  the  looo  kv-a.  unit      tiirni^hcd  in  the  year  1908  to  the  system  of  the  Southern 


Flo.   9 — 3000     KV-A,     125000    VOLT,    THREE-PHASE,    RAOTATOR    TYPE, 
SELF-COOLING   OUTDOOR   TRANSFORMER 

Installed  Ii}-  tht   Catalana  Gas  &  Electric  Company,  Spain. 


ii  ^     ..  i;.;L'. 


IK..     10 — 10000    UV-A,    132000    VOLl, 

S 1 NGLE-  P  H  A  S E ,    \V ATER -COOLEn , 

OUTDOOR   TRANSFORMER 

Installed  at  the  Windsor  station 
of  the  West  Penn  Power  Com- 
pany. 


is  a   teaser   transformer   to  obtain   three-phase  power.      Power  Co.  is  shown  in  Fig.  6.     These  were  among  the 
These    transformers    are    installed    outside    the    West     earliest  high  capacity  transformers  intended  for  outdoor 
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service.  This  tubular  type  of  large  capacity  self  cooling 
transformer  has  been  practically  superseded  by  the 
radiator  type  shown  on  Fig.  7.  This  transformer  has 
a  rating  of  2500  kv-a.  as  a  self  cooling  unit,  and  5000 
kv-a.  as  a  water  cooled  unit  for  60  cycle  service  and 
forms  part  of  a  bank  used  at  the  Washington,  Pa.,  sub- 
station of  the  West  Penn  Power  Co.  for  tying  together 
their  132000  and  27000  volt  systems.  The  water  pip- 
ing system  is  brought  out  through  the  side  of  the  tank 
at  such  a  point  as  to  permit  a  complete  drainage  of 
the  water  cooling  coils  in  case  the  transformer  is  to  be 
out  of  service  for  any  considerable  length  of  time  dur- 
ing the  winter. 

An  installation  of  seven  8333  kv-a.,  66-38.1-22  kv, 
60    cycle,    single-phase,    radiator   type   transformers    is 


phase,   outdoor   type,    water   cooled   transformers    fur- 
nished in  1Q17  for  the  Windsor  station,  supplying  power 


FU;.    II-  -II  500    KV-.\,    150000   VOI.T,    SINGI.F.-PHASE,    WATER-COOLED. 
OL'TnOOR    TRANSFORMER 

Installed  by  the  Southern  California  Edison  Company. 

shown  in  Fig.  8,  which  were  furnished  for  the  Duquesne 
Light  Company  in  1919  for  their  Brunots  Island  Plant. 
These  are  among  the  largest,  single-phase,  radiator  tyi>e 
transformers  supplied  for  outdoor  service  down  to  the 
present  time. 

The  radiator  type  transformers  are  also  built  for 
three-phase  service.  Fig.  9  shows  one  of  the  3000  kv-a., 
125-50  kv  transformers  connected  star-star,  tying  to- 
gether the  60  cycle  systems  of  the  Catalana  Gas  &  Elec- 
tric Company,  in  Spain. 

Outdoor  transformers  are  also  built  as  water-cooled 
units  for  both  single-phase  and  three-phase.  Fig.  10 
shows  one  of  the  three  10  000  kv-a.  13.2-132  kv,  single- 


^l»^»i^ 

.r*"^  M 


Flfi.    12 — 4000     KV 


152000     VOLT.     THREE-PHASE,     WATER-COOLED, 
OUTDOOR    TRANSFOR.MER 

Installed  by  the  Sierra  Construction  Company. 


FIC.    13 — IRON  AND  COIL  ASSEMBLY  OF  A    1/500  KV-A,   100  OOO  VOLT, 
THREE-PHASE,    WATER-COOLED,    OUTDOOR    TRANSFORMER 

Installed  at   the  Waterce   station  of  the  Southern  Power 
Company. 

to  the  lines  of  the  West  Penn  Power  Co.     In  this  trans- 
former the  water  cooling  coils  are  brought  out  through 
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the  side  of  the  tank  below  the  oil  level  to  permit  com- 
plete drainage  of  the  water  from  these  coils  if  the  trans- 
formers are  to  be  shut  down  during  the  winter  time. 
Fig.  II  shows  one  of  the  eleven  11  500  kv-a.  150-72  kv 
single-phase  transformers  star  connected,  high-tension 
and  delta  low-tension,  installed  in  1919  by  the  Southern 
California  Edison  Co.  for  tying  together  their  150  kv 
and  72  kv  transmission  systems.  Fig.  12  shows  one  of 
the  4000  kv-a.,  152400-95200  volts,  three-phase,  out- 
door type  water-cooled  transformers,  core  type,  con- 
nected star-star,  installed  in  1918  by  the  Sierra  Con- 
struction Co. 

The  coils  and  iron  assembly  of  one  of  the  five 
14  000  kv-a.  40  degree  rise,  17  500  kv-a.  55  degree  rise, 
three-phase,  water-cooled  transformers  furnished  for 
the  Wateree  generating  station  of  the  Southern  Power 
Company  are  shown  in  Fig.  13.  The  high-tension  coils 
are  connected  in  star  with  arrangements   for  ground- 


duce  undesirable  bends  in  the  wiring.  As  practically 
all  of  the  high-tension  circuit  breakers  here  considered 
can  be  made  suitable  for  either  indoor  or  outdoor  ser- 
vice, but  are  usually  supplied  for  outdoor,  most  of  the 
illustrations  and  descriptions  will  apply  to  the  outdoor 
type  of  equipment,  but  enough  indoor  apparatus  will  be 
illustrated  to  show  the  essential  differences  between  the 
two  types. 

Up  to  y2i  kv,  the  high-tension  oil  circuit  breakers, 
whether  for  indoor  or  outdoor  service,  are  usually  made 
frame  mounting  to  permit  the  tanks  to  be  easily  dropped 
tc  secure  rapid  inspection  and  adjustment  of  the  con- 
tacts. Fig.  14  shows  a  37  kv,  circuit  breaker  for  indoor 
service  and  clearly  illustrates  the  pipe  framework  used 
for  supporting  it  at  such  a  height  that  the  tanks  can  be 
readily   dropped.     The  highest  voltage  circuit  breaker 


-37000   \OLT   OIL   ClRCriT   DREAKF.R    FOR    INDOOR   SF.RVICE 


ing  the  neutral  when  desired.     The  illustration  shows 
the  method  of  bracing  employed. 

OIL  CIRCUIT  BREAKERS 

The  main  oil  circuit  breakers  used  for  power  trans- 
mission service  are  built  for  either  indoor  or  outdoor 
use,  depending  on  whether  the  transformers  with  which 
they  are  employed,  are  arranged  for  indoor  or  outdoor 
service.  While  the  circuit  breakers  used  in  the  low- 
tension  circuits  of  the  transformers  play  a  vital  part  in 
the  power  transmission,  this  article  will  be  limited  to 
the  high  tension  circuit  breakers  intended  for  operation 
at  22  kv  or  higher. 

Practically  all  such  circuit  breakers  are  arranged 
for  solenoid  operation  as  three-pole  units,  and  most  of 
them  are  built  with  a  separate  steel  tank  for  each  pole. 
Usually  these  steel  tanks  are  so  arranged  that  their  .=pac- 
ing  may  be  made  to  suit  the  wiring  of  the  installation  in 
case  the  minimum  spacing  normally  used  would  intro- 


FIG.    15 — 150000    VOLT    on.    CIRCUIT    BREAKER 

Installed  in  the  Big  Creek  station  of  the  Southern  Cali- 
fornia Edison  Company. 

that  has  been  built  for  indoor  service  is  shown  in  Fig. 

IS- 

Circuit  breakers  for  high-voltage  service,  such  as 
those  illustrated,  involve  long  travel  of  the  contacts  and 
heavy  moving  elements  and  therefore  are  arranged  to 
embody  a  special  quick  break  feature  for  the  rapid  sepa- 
ration of  the  arcing  contact  which  is  so  essential  on  a 
high  power  interrupting  device.  Fig.  i6  shows  the  con- 
tact details  employed  with  the  150  kv  circuit  breaker. 
The  lower  end  of  the  condenser  terminal  bushing  is  en- 
closed in  a  porcelain  arc  shield  for  protection  from  the 
arcs  that  arise  during  operation.  Between  this  arc 
shield  and  the  stationary  contact  is  a  metallic  static 
shield  for  distributing  the  stress  uniformly  over  the  sur- 
face of  the  terminal  bushings.  The  main  contacts  are 
of  the  butt  type,  each  terminal  having  two  main  con- 
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t;icts  and  Ivvo  arcing  contacts,  the  latter  being  designed 
to  take  all  of  the  arcing  so  that  :he  main  contact  will  not 
become  pitted  or  burned  by  the  arc.  The  entire  station- 
ary contact  is  enclosed  in  a  metal  hood,  which  dis- 
tributes the  electrostatic  stress  that  might  otherwise  be 
excessive,  due  to  the  sharp  corners  on  the  edges  of  the 
contact  mechanism. 

The  arcing  contacts  attached  to  the  stationary 
terminals  are  so  arranged  that  in  the  closed  position  ihey 
are  latched  in  touch  with  the  corresponding  arcing  con- 
tacts on  the  movable  member.  When  the  circuit  breaker 
opens,  the  main  contacts  separate  at  once,  but  the  latch 
holds  the  arcing  contacts  together,  forcing  the  upper  one 
tc  be  pulled  down  against  the  compression  of  a  spring 
for  a  distance  of  approximately  seven  inches.  After 
the  moving  member  has  dropped  the  seven  inches,  the 
latch  releases  and  the  spring  retrieves  the  upper  arc- 
ir'g  contact,  breaking  the  circuit  very  quickly.* 

The  break  in  the  circuit  occurs  in  the  free  oil  and 
the  natural  tendency  of  the  gas  bubble  to  rise  is  not  in 
ar.v  wav  impeded.     The  mriijiiPtH-  effect  nf  the  cu'"renl 


FIG.    l6 — CONIACT    DKT.MI.S   OF   CIUCriT    IlKKAKKK    SHOWN    IX    KIO.    I5 

passing  down  one  stationary  contact  across  the  moving 
member,  and  back  the  other  stationary  contact  is  ^■uch 
as  to  blow  the  arc  awav  from  the  contact  and  toward 
the  side  of  the  case.  This  effect,  together  with  the 
natural  tendency  of  the  gas  bubble  to  rise  through  the 
oil,  enables  the  arc  to  be  carried  away  quickly. 

While  the  descriptions  that  follow  apply  to  outdoor 
circuit  breakers,  corresponding  mdoor  units  differ  only 
from  the  outdoor  ones  in  the  omission  of  the  rain 
shields  from  the  condenser  bushing  terminals  and  cer- 
tain minor  changes  in  the  housing  of  the  mechanism  and 
the  venting  of  the  tanks. 

Fig.  17  shows  a  400  ampere,  73  kv,  solenoid  op- 
erated, outdoor,  frame  mounting  oil  circuit  breaker  hav- 
ing a  guaranteed  rupturing  capacity  of  2400  amperes  at 
73  kv.  This  circuit  breaker  has  elliptically  shaped  oil 
tanks  made  of  steel  plate  with  lap  welded  seams,  and  a 
cast-steel  top  of  domed  shape  to  secure  aiviple  strength 

*This  action  is  described  in  detail  in  an  article  by  L.  R. 
Golladay,  in  the  Jourx.m.  fur  .\pril.  1018,  p.  128. 


against  explosion.  The  tanks  are  arranged  for  suspen- 
sion from  the  supporting  frame  and  are  hung  by  suitable 
tie  bolts  connected  to  a  supporting  grid  beneath  the  tank. 
W^ith  the  frame  mounting  it  is  possible  to  drop  the  tanks 
on  any  one  pole  to  obtain  ready  access  to  the  contacts. 
An  overhung  lip  around  the  top  is  interlocked  with  the 
t.mk  rim  and  suitable  packing  between  the  top  and  the 
rim  insures  waterproof  joints.  A  suitable  removable 
cover  with  interlocking  rim  gives  access  to  the  upper 
portion  of  the  circuit  breaker  mechanism.  Conduit  pipe 
vvith  packing  washers  and  lock  ruts  aiTords  weather- 
proof comnmnication  from  pole  tc  pole  for  the  operat- 
ing levers  and  for  the  control  leads  when  required.  The 
solenoid  operated  mechanism  is  located  at  one  end  of 
the  unit,  housed  in  a  case  or  bo.x  with  a  removable  rcver 
having  packed  joints.  This  box  has  conduit  pipe  for 
rnnnection  to  the  circuit  breaker  mechanism. 

The  steel  top,  in  addition  to  supporting  and  protect- 
ii.g  the  operating  mechanism,  is  arranged  to  form  an  ex- 


d 


lie.     17—^00   .VMI'KRK,  73000  VOLT,  FRAME  MOUNTED,  OUTDOOR  TYPE 
ClmllT    IIHK.VKKR 

pansion  chamber  to  cushi(ni  the  pressure  caused  at  the 
instant  of  interrupting  the  circuit.  As  considerable  oil 
vajjor  and  gas  ma\  collect  in  this  chamber,  suitable 
baffled  vents  are  placed  in  such  positions  as  to  relieve 
sudden  air  pressures,  and  in  addition,  to  induce  circu- 
ation  of  air  through  the  chamber  to  drain  out  the  ac- 
cumulating oil  vapor.  As  the  oil  is  of  more  or  less 
volatile  nature,  this  latter  function  is  of  considerable 
importance.  To  prevent  the  transmission  of  a  disturb- 
ance in  one  tank  to  adjacent  tanks  and  to  the  bo.x  con- 
taining the  operating  mechanism  and  solenoid,  suitable 
baffles  can  be  placed  in  the  connecting  conduit  pipe. 
Pressure  can  be  vented  to  the  outside,  but  propogation 
of  pressure  from  tank  to  tank  will  be  prevented. 

The  terminal  bushings  are  sufficiently  protected  by 
petticoated  insulators  to  afford  insulation  under  the  most 
severe  conditions  of  driving  rain,  wet  snow,  or  sleet. 
It  is  not  uncommon  to  fin<l  the  entire  structure,  includ- 
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ing  the  exposed  portions  of  the  porcelain  insulators,  in- 
cased in  a  coating  of  sleet,  or  to  see  snow  piled  up  prac- 
tically to  the  entire  height  of  the  terminal  bushings. 
Fig.  18  shows  some  outdoor  circuit  breakers  that  have 
been  operating  under  wintry  conditions.  Under  such 
conditions  it  is  obvious  that  a  considerable  factor  of 
safety  in  surface  insulation  is  highly  desirable  and  has 
been  actually  furnished  in  practice. 

On  circuit  breakers  of  small  and  moderate  size 
where  the  weight  of  the  oil  tanks  and  oil  is  not  prohibi- 
tive, the  frame  mounting  arrangement  of  circuit  breaker 
is  highly  desirable,  as  it  permits  the  ready  removal  of 
the  oil  tanks  for  the  purpose  of  inspecting  the  contact 
details  and  the  operating  mechanism  without  disturb- 
ing the  line  connections. 

Circuit  breakers  for  higher  voltages  and  larger  rup- 
turing capacities  are  usually  made  platform  mounting, 
owing  to  the  difficulty  of  lowering  the  tank  filled  with 
oil.  With  the  larger  circuit  breakers,  access  to  the  in- 
terior of  the  tanks  is  secured  by  the  removal  of  the  me- 
chanism cap,  which  exposes  the  lever  system  and  pre- 


of  the  Southern  Power  Co.,  and  at  other  points  on  that 
system. 

This  company  employs  different  types  of  oil  cir- 
cuit breakers  at  different  points  of  their  system,  depend- 
ing on  rupturing  capacities  and  other  requirements,  so 
some  of  the  other  types  will  be  considered  here  to  facili- 
tate comparisons.  At  their  latest  hydraulic  plant — the 
Wateree  Station — five  14000  kv-a.  generators  feed 
through  their  individual  three-phase  transformers  into 
the  100  kv  system.  The  low-tension  leads  running  to 
the  transformers  are  controlled  by  indoor  oil  circuit 
breakers  located  in  the  basement  of  the  power  house, 
with  connections  so  made  that  normally  each  generator 
supplies  current  to  its  own  transformer  and  the  units 
are  not  in  parallel  on  the  6600  volt  bus. 

The  high-tension  side  of  these  transformers  is  con- 
trolled by  means  of  the  outdoor,  electrically  operated 
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FIG.    IS — OUTDOOR    TYPE    CIRCUIT    BRE.M-CER    .MTER    A    SNOW    STOR.M 

sents  a  sufficiently  large  opening  to  withdraw  any  neces- 
sary part.  The  mechanism  is  ordinarily  so  arranged 
that  a  terminal  bushing,  complete  with  its  contact  de- 
tails, can  be  withdrawn  without  disturbing  any  other 
details,  and  the  moving  contact  elements  can  also  be 
withdrawn  through  the  manhole  or  mechanism  cover. 

Experience  has  indicated  the  desirability  of  provid- 
ing a  structural  frame  or  platform  that  will  permit  ac- 
cess to  the  bottom  of  the  tank,  allowing  free  air  circu- 
lation, as  this  assists  in  keeping  all  parts  free  from  rust 
and  corrosion.  In  certain  cases  the  tank  bases  are  made 
with  openings  in  the  rim,  so  that  the  bottom  of  the  tanks 
can  be  painted  with  a  long  handled  brush,  if  the  founda- 
tion is  of  concrete  or  masonry  that  would  otherwise 
make  it  difficult  to  get  at  the  bottom  of  the  tanks. 

A  typical  outdoor  platform  mounted  breaker  is 
shown  in  Fig.  19,  which  illustrates  a  95  kv,  400  am- 
pere circuit  breaker  with  elliptical  tanks,  having  a 
guaranteed  rupturing  capacity  of  2400  amperes  at  95 
kv.  A  number  of  these  circuit  breakers  are  employed 
at  the  Lakewood  Transformer  and  Switching  Station 


FIG.   10 — 400  .\MrKKE,  1)5  000  vui.i.  ikAMi.   Mul  xiin.  III   iiioui; 
CIRCl'IT  BRK.\KER 

Installed  at  the  Lakewood  switching  station  of  the  Smithern 
Power  Company. 

circuit  breakers  with  flat  sided  tanks  shown  in  Fig.  20. 
An  idea  of  the  size  of  these  circuit  breakers  may  be  ob- 
tained from  the  fact  that  the  man  on  the  left  is  a  six 
footer.  A  side  view  of  these  same  circuit  breakers, 
with  the  overhead  disconnecting  switches,  is  shown  in 
Fig.  21,  and  a  general  view  of  the  switch  yard  is  shown 
in  Fig.  22.  One  verj'  interesting  feature  of  the  switch 
vard  where  these  circuit  breakers  are  installed,  is  that 
it  consists  of  a  concrete  platform  set  up  on  concrete 
pillars  at  such  a  height  as  to  be  beyond  the  flood  level. 
This  outdoor  switch  yard  is  located  on  the  bank  near 
the  station  end  of  the  dam,  and  the  no  000  volt  leads 
from  the  three-phase  transformers  are  carried 
diagonally  across  the  tail  race  and  pass  through  the 
five  flat  sided  circuit  breakers  to  the  busbars. 
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The  outgoing  line  circuits  from  this  station  are 
controlled  by  means  of  the  round  tank  circuit  breakers 
shown  in  Fig.  23.  These  oil  breakers  are  provided  with 
circular  tanks  having  domed  top  and  bottom,  and  were 
guaranteed    capable    of    rupturing    3750    amperes    at 


the  walls  or  the  bottom  of  the  tank,  and  that  the 
stresses  to  be  borne  by  the  tank  would  be  practically  in- 
dependent of  the  functioning  of  this  explosion  chamber. 
The  type  of  circuit  breaker  furnished  for  the  out- 
going line  circuit  is  provided  with  circular  tanks,  hav- 


FIG.    20 — 1 10  000    VOI.T,    OUTUOOR    TYPE,    Oil.    CIRCUIT    nRE.\KER 

Installed  at  the  Waterec  station  of  the  Southern  Power 
Company. 

115  000  volts,  while  the  flat  sided  transformer  circuit 
breakers  have  been  guaranteed  capable  of  rupturing 
3290  amperes  at  no  000  volts. 

The  engineers  responsible  for  the  design  of  the  two 
different  types  of  breakers  illustrated  have  been  work- 
ing along  very  different  lines  to  secure  high  rupturing 
capacity.  With  the  transformer  circuit  breakers,  flat 
side  tanks  are  used,  but  the  arc  is  broken  under  the 
oil  in  a  special  explosion  chamber  shown  in  Fig.  24, 
The  function  of  this  explosion  chamber  is  based  on  the 
theory  that  by  confining  the  arc  to  a  restricted  space  a 
high  pressure  will  be  developed,  tending  to  blow  the  oil 
out  of  the  explosion  chamber  down  on  the  moving  con- 
tact, forcing  the  arc  away  from  the  contact  and  causing 
its  rapid  extinction.  The  steel  cylinder  forming  the  ex- 
plosion chamber  can  be  readily  made  of  ample  strength 


FIG.    22 — SWITCH    YARD   .\T   THE   W.VTEREE   STATION   OF   THE 
SOUTHERN   POWER   COMPANY 

ing  domes  at  top  and  bottom,  employing  heavy  boiler 
plate  construction;  thus  forming  tanks  capable  of  with- 
standing internal  pressures  as  high  as  150  lbs.  per  square 
inch.  This  circuit  breaker  is  provided  with  condenser 
bushing  terminals  of  the  type  shown  in  Fig.  25,  con- 
sisting essentially  of  a  tube  or  rod  forming  the  conduc- 
tor and  surrounded  by  a  number  of  concentric  con- 
densers of  predetermined  capacity,  arranged  in  such  a 
manner  as  to  secure  a  practically  uniform  potential  gra- 
dient from  the  inner  one,  forming  the  line  conductor,  to 
the  outer  one,  which  is  grounded  to  the  case  of  the 
transformer,  circuit  breaker  or  lightning  arrester. 

Where  the  bushing  is  used  for  transformers,  the 
end  operating  in  the  oil  is  provided  with  a  metal  terminal 
of  spherical  shape  and  when  used  in  circuit  breakers, 
this  shape  is  approximated  as  closely  as  practicable  with 


FIG.    21 — SIDE    WIRE    OF    CIRCUIT   BREAKERS    SHOWN    IN    FIG.    20 

for  the  pressure  developed.  As  the  bottom  of  this  ex- 
plosion chamber  is  open  to  the  oil  to  permit  the  move- 
ment of  the  contact  and  as  oil  is  practically  incom- 
pressible, it  would  seem  that  the  pressure  developed  in- 
side the  explosion  chamber  would  be  communicated  to 


ri(,     2i — 115000    VOLT    OUTDOOR    TYPE    CIRCUIT    BREAKER 

Installed   at   the   W'atcrcc   station   of   the   Southern   Power 
Company. 

the  form  of  contact  used  in  the  circuit  breakers.  The 
standard  test  of  the  condenser  bushing  is  2.5  times  the 
working  voltage,   and   in   addition,   when   the   switches 
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are  used  on  outdoor  service,  a  further  test  is  made  of 
twice  the  line  voltage  under  a  spray  of  water,  at  one- 
fifth  of  an  inch  per  minute,  directed  at  45  degrees  from 
the  vertical,  the  test  lasting  for  one  minute. 

All  of  these  condenser  bushings  have  a  compara- 
tively long  grounded  portion,  and  it  is  usually  feasible 
to   place   current   transformers   o\-er   the   bushings   and 


FIG.  24 — Explosion  ch.\mber  of  circuit  breaker   shown 
IN  FIG.  20 

utilize  these  for  the  automatic  operation  of  oil  circuit 
breakers.  The  lower  portion  of  the  bushing,  when 
used  with  an  oil  circuit  breaker,  is  covered  by  a  porce- 
lain arc  shield. 

To  minimize  the  corona  under  the  oil,  the  stationary 
contact,  shown  in  Fig.  26  is  provided  with  a  barrel 
shaped  cap  shown  to  the  left  of  the  contact.  This  prac- 
tically does  away  with  any  sharp  edges  that  would  other- 
wise tend  to  form  corona.  These  circuit  breakers  for 
high  voltage  service  embody  the  special  quick  break  fea- 
ture for  the  rapid  separation  of  the  arcing  contact  pre- 
viously described. 

As  an  example  of  a  slightly  older  design  of  floor 
mounting  or  platform  mounting  type  of  circuit  breaker, 
Fig.  27  shows  a  400  ampere,  115  kv,  three-pole,  outdoor 
type  of  which  a  large  number  were  furnished  for  the 


FKi.    25 — CnxnENSER    TERMINAL    OF    THE     CIRCl  IT    BREAKER    SHOWN 
IN    FIG.    23 

Inawashiro  Hydro-electric  Company  in  Japan,  and  a 
number  of  practically  identical  units  have  been  supplied 
to  various  power  companies  in  America.  This  circuit 
breaker,  in  a  slightly  modified  form,  has  a  guaranteed 
rupturing  capacity  of  2400  amperes  per  phase  at  115  kv 


with  the  bottom  outside  welded,  and  provided  with  a 
re-inforcing  rim.  The  dome  shaped  top  provides  ample 
space  for  the  operating  mechanism  and  a  baffled  vent  is 
located  in  this  top  for  discharging  any  gas  that  may  be 
formed.  The  spacing  of  the  poles  can  be  readily  modi- 
fied to  suit  the  wiring  of  the  installation,  as  the  only 


FIG.    26 — STATIONARY    CONTACT   AND    COR0N.\    CAP   OF   CIRCUIT 
BREAKER   SHOWN   IN   FIG.   23 

mechanical  connection  between  the  adjacent  poles  is  a 
simple  pull  rod  running  through  a  pipe  connecting  to- 
gether the  operating  mechanism  of  the  individual  poles. 

Fig.  28  shows  a  400  ampere,  135  kv  electrically  op- 
erated, oil  circuit  breaker  having  a  guaranteed  rupturing 
capacity  of  1600  amperes  at  135  kv.  A  number  of 
these  units  are  in  service  in  Michigan. 

Where  even  greater  rupturing  capacities  are  de- 
sired for  high  voltage  service,  the  circuit  breaker  tanks 
are  made  circular  with  domed  top  and  bottom,  employ- 
ing heavy  boiler  plate  construction  and  in  this  manner 


FIG.    27 — 115  000  VOLT,  400  AMPERE,  OUTDOOR   CIRCUIT  BRK-VKER 

Installed   by   Inawashiro   Hydro-Electric   Company,  Japan. 

tanks  are  obtained  capable  of  withstanding  pressures  as 
high  as  150  pounds  per  square  inch.     Fig.  29  shows  a 


Each  pole  is  located  in  a  separate  elliptical  steel  lank     400  ampere,  135  kv,  three-pole  circuit  breaker  of  this 
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type,  having  a  guaranteed  rupturing  capacity  of  4300 
amperes  per  phase  at  135  kv.     This  circuit  breaker  was 


FIG.    28 — 135000    VOLT,   400    .\MPERE,    OUTDOOR    TVl'E,   Oil. 
CIRCUIT   HREAKER 

Having  a  guaranteed   rupturing  capacity  of    1600  amperes 
at  135  000  volts. 

furnished  to  the  West  Penn  Power  Co.  for  132  kv  ser- 
vice and  a  modification  of  it  is  available  for  155  kv 
service.     Designs     have     been     prepared     for     circuit 


nr,     J';-  135  000    \I1I.T,    400   .\M1-EKK.   OLTPOOR   TYPE,    OIL 
CIRCUIT   BRE.AKER 

Having  a  guaranteed   rupturing  capacity  of  4300  amperes 
pel  phase  at  135000  volts. 

breakers  for  use  on  220  kv  circuits,  but  none  have  been 
built  up  to  the  present. 

( To  be  continued) 
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Wirt  S.  Scott 

Manager,   Industrial   Heating  Section, 

Westinghousc  Electric  &  Mfg.  Company 


INDUSTRIAL  ELECTRIC  HEATING  for  tem- 
peratures under  600  degrees  F  received  its  initial 
start  in  the  automobile  industry  about  four  years 
ago,  and  the  impetus  it  has  attained  is  due  largely  to  the 
character  of  this  industry.  Not  having  any  ancestral 
ideas  to  influence  them  as  to  the  way  in  which  a  g>ven 
operation  should  be  performed,  it  was  easy  for  them  to 
adopt  a  new  method  of  doing  things.  In  the  second 
place,  there  is  no  industry  that  knows  so  accurately  the 
manufacturing  costs  of  every  item  entering  into  the 
completed  product,  hence  competive  tests  on  trial  in- 
stallations, were  quite  certain  to  be  accurately  and  com- 
pletely made.  It  is  highly  significant  that  practically 
all  of  the  automobile  companies  in  this  country  have  dis- 
carded their  gas-heated  ovens  for  electrically-hented 
ovens. 

The  question  immediately  arises— "What  are  the 
advantages  of  electric  heat  over  other  forms  of  heat- 
ing?" The  one  predominating  question  that  was  asked 
several  years  ago,  and  is  still  occasionally  asked  is 
"What   does   it   cost?"     The   latter  question   cannot   be 


answered  until  the  first  question  has  been  taken  into 
consideration,  and  the  importance  of  each  item  carefully 
weighed  as  to  its  effect  on  quality  of  product,  labor, 
operating  conditions,  and  finally  the  effect  on  the  cost 
of  the  completed  product. 

CLEANLINESS 

The  collection  of  dirt  and  dust  on  a  product  v.hile 
being  dried  or  baked  may  not  be  detrimental  to  its 
quality,  but  this  is  seldom  the  case.  All  work  that  is 
given  a  protecting  or  finishing  coat  of  paint,  varnish, 
lacquer  or  enamel  is  impaired  by  the  collecting  of  dust 
on  its  surface.  A  speck  of  dirt  one  can  scarcely  see 
with  the  naked  eye  is  magnified  many  times  when 
coated  and  baked,  and  becomes  a  blemish  where  a  high 
polish  is  desired.  With  coal,  gas  or  oil  fuels,  the  hot 
gases,  in  most  cases,  come  directly  in  contact  with  the 
work,  depositing  the  products  of  combustion  on  the  wet 
surface.  A  few  attempts  have  been  made  to  use  muffle- 
type  ovens  in  which  the  work  is  indirectly  heated,  but 
these  are  un.satisfacton*',  due  to  high  first  cost,  excessive 
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maintenance,     and      non-uniformity      of      temperature,  directions  can  be  given  to  an  employee  as  to  wiiat  he 

Where  the  fuel  is  burned  directly  in  the  oven,  a  large  must  or  must  not  do  when  lighting  a  burner  in  an  oven, 

volume  of  air  must  be  blown  into  the  oven  to  supply  but  no  way  has  been  yet  devised  to  convert  a  human  be- 

sufficient   oxygen    for    combustion.     Unless   the   air    is  ing  into  an  automatic  machine.     So  long  as  ovens  are 

washed  before  entering  the  oven,  it  will  carry  a  large  heated  by  means  of  an  explosive  mixture,  just  that  long 
amount  of  dust  in  with  it,  some  of  which  will  be  de- 


FIG.    I — ONE   OF  A   GROUP   OF   SEMICONTINUOUS,   CONVEYOR   TYPE 
OVENS    IN   AN   AUTOMOBILE   PLANT 

The  dip  tank,  with  the  cover  closed,  is  shown  in  the  fore- 
ground. The  work  is  dipped  and  hung  on  the  conveyor  where 
it  drips  before  baking. 

posited  on  the  work.  The  air,  entering  the  oven  under 
high  velocity,  will  set  in  motion  small  particles  of  dirt 
that  inevitably  collect,  regardless  of  the  pains  to  keep 
the  ovens  free  from  dust.  With  electric  heat,  no  air 
is  required  for  combustion  nor  are  carbonaceous  pro- 
ducts of  combustion  formed,  and  the  amount  of  ventila- 
tion required  can  be  restricted  to  the  very  minimum. 

SAFETY 

Regardless  of  the  safeguards  placed  around  gas 
ovens,  they  continue  to  explode.  It  seems  to  be  the 
irony  of  fate  that,  when  one  boasts  that  he  has  never 
had  an  explosion  in  one  of  his  gas  ovens,  he  is  due  for 
one  in  a  short  while.  In  one  case,  a  manager  of  a  plant, 
who  made  the  boast  that  gas  ovens  could  be  operated  as 
safely  as  electric  ovens,  became  alarmed,  and  put  on 
an  inspector  whose  only  duty  was  to  light  the  gas 
burners,  and  to  see  that  they  were  burning.     An  explo- 


FIG.    2  — AUTOMOBILE    FENDERS    KE.\Dy    FOR   BAKING 

The  operator  is  shown  in  the  act  of  starting  the  conveyor 
which  will  carry  the  work  into  the  oven. 

sion  took  place  within  a  very  short  while,  due  to  the 
oven  becoming  filled  with  escaping  fuel  gas,  resulting 
in  a  very  serious  explosion,  a  number  of  employees  in- 
jured and  considerable  property  damage.     Very  explicit 


FIG.    3 — OVEN    HEATERS    WITH    HUS-IiAliS,    INSULATORS,    CONNECTORS 
AND    MOUNTING    HOOKS 

The  view  at  the  left  shows  the  heater  before  the  bus-bars 
are  installed.  The  unique  features  of  this  type  of  heater  arc, 
the  bus-bars  are  mounted  directly  on  the  heater,  standard  con- 
nectors are  used  for  connecting  from  the  heater  to  the  bus-bars, 
bus-bar  clamps  are  used  in  place  of  drilling  and  bolting  the 
connectors,  heater  hooks  are  used  for  hanging  the  heater  '0 
supporting  straps,  and  a  protecting  wire  screen  may  be  attached 
directly  to  the  upturned  flanged  end  forms  for  the  protection 
of  the  heater  and  bus-bars. 

will  there  be  fires  and  explosions  in  ovens.  With  elec- 
tric heat,  it  is  evident  that  all  danger  of  fires  and  explo- 
sions due  to  explosive  fuels  is  eliminated. 

UNIFORMITY  OF  TEMPERATURE 

An  electrical  installation  is  made  up  of  a  number 
of  heating  elements,  depending  upon  the  capacity  re- 
quired to  produce  the  baking  results  desired.  Due  to 
their  flexibility  and  ease  of  installation,  they  can  be 
placed  on  the  floor  or  the  side  wall,  or  wherever  de- 
sired. It  is  often  impossible  to  predetermine  exactly 
where  the  heaters  should  be  located,  in  order  to  pro- 
duce uniform  temperature  throughout  the  oven  in  the 
box  type  of  oven,  where  this  is  essential ;  or  to  produce 
a   gradual   increase   in   temperature,   in   the   continuous 


FIG.    4 — 2.5    K\V,    no  VOLT  0\'EN   HEATERS 

Two  heaters  are  shown  in  series  for  220  volt  service.  Four 
or  five  heaters  may  be  connected  in  series  for  440  or  550  volts 
rcspcctivclv.  The  heaters  are  21  in.  long,  6  in.  deep  and  10  in. 
high. 

conveyor  type  of  oven,  if  after  a  trial  test,  it  is  found 
that  uniform  temperature  or  proper  graduation  of  tem- 
perature is  not  obtained  as  desired,  it  is  a  simple  matter 
to  disconnect  a  few  heaters  at  the  point  where  the  tem- 
perature is  too  high,  and  move  them  to  the  place  in  the 
oven  having  a  low  temperature.     This  flexibility  of  in- 
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stallation  is  one  of  the  great  advantages  of  electric  heat, 
as  it  is  evident  that  no  other  form  of  heating  lends  itself 
so  readily  to  this  adjustment  to  existing  operating  con- 
ditions. 

AUTOMATIC  TEMPERATURE  CONTROL 

With  the  use  of  electric  heaters  in  ovens,  a  cleaner 
and  purer  atmosphere  within  the  oven  makes  it  possible 
to  obtain  a  finish  that  is  not  sprinkled  with  blemishes, 
the  danger  due  to  explosions  of  gas  fuel  is  eliminated, 
and  by  proper  location  of  the  heaters,  uniformity  of 
temperature  throughout  the  oven  is  obtained.  The  use 
of  the  electric  heater,  in  itself,  did  not,  however,  prevent 
the  oven  temperature  from  steadily  climbing  beyond  the 
baking  temperature  and  ruining  the  work.  It  is  a  fre- 
quent occurrence  with  gas  ovens,  and  was,  at  first,  per- 
haps, as  equally  frequent  with  electric  ovens,  for  the 
operator  to  forget  to  cut  off  the  heat  at  the  proper  time, 


heaters  is  supplied,  energizing  the  heaters  when  the 
temperature  of  the  oven  drops  to  a  predetermined 
value,  and  cutting  them  off  when  the  temperature 
reaches  a  predetermined  maximum  value.     The  thermo- 


FU..    5^.^.     SEMICONTINUOUS     CONVEYOR     TYPE     OVEN     lOR     llAKlN'i; 
ENAMEL  ON   AUTOMOBILE   FENDERS 

With  this  type  of  oven,  the  fenders  are  dipped  In  thr 
enamel  by  hand  and  hung  up  on  the  conveyor  to  drip.  The 
conveyor  extends  into  and  through  the  oven,  returning  over 
the  top.  After  dripping,  the  work  is  run  into  the  oven,  the 
work  which  had  been  in  the  oven  being  carried  out  on  the 
conveyor  at  the  same  time.  While  a  batch  of  work  is  baking, 
another  is  being  dipped  and  hung  on  the  conveyor  ready  for 
baking,  as  soon  as  the  bake  already  in  the  oven  has  been  com- 
pleted.    Heaters  are  mounted  along  the  sides  of  the  oven. 

with  the  result  that  when  the  oven  finally 
received  his  attention  the  temperature  would  be 
several  hundred  degrees  higher  than  the  baking 
temperature.  If  the  finish  was  not  ruined,  the 
product  was  greatly  impaired,  and  while  the  overbak- 
ing  perhaps  could  not  be  detected  by  visual  inspection, 
the  life  of  the  enamel  would  be  gone,  and  a  few  months 
of  exposure  to  the  weather,  combined  with  the  jarring 
and  strains  to  which  an  automobile  is  subjected,  would 
cause  the  enamel  to  flake  off. 

It  was  not  until  the  automatic  temperature  control 
was  developed  that  the  full  benefit  of  electric  heat  was 
realized.  This  control  consists  of  a  thermostat  which 
operates  magnet  switches,  through  which  power  to  the 


l-H.     (>-    loll)     SI-IIIOS     A|iT0M.\TIC    TEMPERATURE    CONTROL    I'ANVL 

For  four  semicontinuous  conveyor  type  ovens. 
Stat  can  be  set  so  as  to  hold  the  temperature  within  a 
range  of  five  degrees  F  plus  or  minus.     Ovens  are  in 
dailv   operation   requiring  no  more   work  or   attention 


KIG.    7 — A    CONTINUOUS    CONVEYOR    TYl'E    ELECTRIC    OVEN 

Suitable  for  baking  enamel  on  typewriters,  fans,  small 
motors,  automobile  license  tags,  small  castings  and  sheet  metal 
work  of  various  sizes  and  shapes.  The  work  is  hung  on  the 
conveyor,  and  is  carried  over  a  pulley  down  into  a  tank  filled 
with  enamel,  up  and  down  through  a  dripping  space  and  then 
through  the  oven.  The  conveyor  travels  in  an  up  and  down 
direction  as  it  progresses  through  the  oven,  returning  near  the 
floor  and  under  the  heaters.  In  the  illustration,  three  rods  of 
the  conveyor  are  shown  filled  with  typewriter  frames  before 
(hey  have  been  dipped,  and  two  rods  after  the  frames  have 
been  baked  and  are  coming  out  of  the  oven.  Automatic 
temperature  control  is  essential  to  the  successful  operation  of 
this  type  of  oven. 

than  is  given  to  the  electric  lights  that  illuminate  the 
enameling  room.     A  button  is  pressed  to  turn  on  the 


Ma\',   1920 


THE   ELECTRIC  JOURNAL 


191 


current,  the  ovens  coming  up  to  the  proper  tempera- 
ture, and  remaining  there  until  the  "off"  button  is 
pressed  at  the  end  of  the  day.  Very  frequently,  where 
long  baking  periods   are   required,   an   oven    is   loaded 


KIC.    IS — A    CON\EYOK    TYPE    OVEN    FOR    BAKING    SMALL    I'lECES 

This  oven  is  loaded  at  one  end,  the  conveyor  coming  out 
ihc  opposite  end  and  carrying  the  work  up  to  the  floor  above 
where  it  is  taken  off. 

just  before  quitting  time,  and  the  current   cut  off  by 
means  of  a  time  clock  several  hours  later. 

KEDUCTION    IN    LABOR 

Labor  is  a  serious  problem,  and  any  apparatus  that 
will  save  labor  is  worth  installing,  if  it  does  nothing  else. 
Practically  all  the  improvements  made  along  this  line  in 
connection  with  oven  work  have  been  made  since  the 
adoption  of  electric  heat.  An  important  advantage  of 
the  electric  heater  is  due  to  the  fact  that  it  lends  itself 
almost  ideally  to  the  conveyor  type  of  oven.  In  a  con- 
veyor type  oven  the  work  is  carried  continuously 
through  the  oven,  entering  the  oven  at  room  tempera- 
ture, and  being  gradually  heated  in  order  that  the  metal 
and  enamel  will  come  up  to  temperature  uniformly, 
tb_ereby  obtaining  the  maximum  amount  of  adhesion  be- 
tween the  metal  and  enamel ;  driving  the  solvent  out  of 
the    enamel    slowly    and    uniformly,    so    that    craters 


FIG.    g — A    BANK    OF    SIX    OVENS    FOR    BAKING    LITHOGRAPHING    ON 
METAL  BOTTLE  TOPS 

formed  in  driving  out  the  solvent  have  sufficient  time  to 
flow  together  and  close,  giving  a  smooth  homogeneous 
surface  before  it  takes  a  permanent  set.  The  work 
finally  enters  the  baking  section  of  the  oven,  where  the 


temperature  is  held  within  narrow  limits.  It  is  the  com- 
ing practice  to  dip  and  bake  the  material  automatically 
with  one  handling  of  the  work,  regardless  of  the  num- 
ber of  codts  to  be  applied.  Installations  are  now  being 
iviade  for  three  and  four  coats  of  enamel,  all  dipped  and 
baked  automatically  in  one  continuous  operation.  The 
work  is  handled  but  twice,  once  when  the  pieces  are 
hung  on  the  conveyor  before  they  are  dipped  in  the 
first  coat  of  enamel,  and  again,  when  they  are  taken 
off  the  conveyor  after  the  final  baking  in  the  last  o\en. 
With  this  arrangement,  a  half  dozen  men  will  do  the 
work  ordinarily  required  of  50  or  60  men.  While  the 
saving  with  small  conveyor  type  ovens  may  not  be  pro- 
portionate, it  is  more  than  sufficient  to  justify  their 
use.  One  oven  installed  in  a  typewriter  factory  made 
very  substantial  savings  in  labor,  and  a  second  equip- 
ment is  now  being  installed  at  the  same  plant.  With 
the  automatic  temperature  control  equipment,  an  ap- 
preciable amount  of  labor  is  saved  in  attention  to  the 


FIG.    10 — INTERIOR   OF   ONE   OF   THE   OVENS    SHOWN    IN    FIG.    0 

Heaters  are  installed  along  the  side  wall  of  each  oven  in 
the  manner  indicated,  and  baffle  plates  placed  in  front  of  them. 
X'entilation  pipes,  running  the  full  length  of  the  oven,  under 
llu-  heaters,  force  air  through  the  heaters  which,  on  being 
hi-ated,  is  blown  into  the  oven  across  the  work  being  baked. 
The  air  is  drawn  off  at  the  ceiling  by  means  of  air  exhausters. 
.So  percent  of  the  air  is  returned  to  the  oven,  under  the  heaters, 
ihc  balance  being  exhausted  to  the  atmosphere.  The  tempera- 
ture is  maintained  constant,  by  an  automatic  system  of  control, 
cinsisting  of  magnet  switches  operated  by  means  of  thermo- 
stats through  suitable  relays.  Door  switches  are  provided,  ^o 
that  upon  opening  the  door  of  any  oven,  the  heaters  and  ex- 
hauster for  that  particular  oven  are  cut  off. 

oven  temperature.  The  workmen  can  give  their  un- 
divided attention  to  the  real  object  of  their  employ- 
ment— getting  material  through  the  oven. 

IMPROVED  PRODUCT 

Improved  product  is  due  to  the  elimination  of  dust 
iii  an  oven,  the  proper  location  of  heaters  in  an  oven, 
and  close  control  of  temperature.     The  elimination  of 
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dust  permits  obtaining  a  smooth  surface  on  the  work. 
A   uniform  temperature,  properly  controlled,  produces 


FlC.    II — A    REVOLVING   TYPE    ELFCTRICALLY    HEATED    BAKE   OVEN 

With  automatic  temperature  control,  for  baking  bread, 
pies,  cakes  and  pastries.  Twelve  oven  heaters  of  the  type 
shown  in  Fig.  3  are  installed  in  the  bottom  of  the  oven,  giving 
a  capacity  of  30  kilowatts.  The  oven  holds  96  one-half  pound 
loaves  of  bread,  which  are  baked  in  35  minutes. 

a  piece  of  work  that  is  neither  over  or  under  baked, 
having  been  baked  at  a  predetermined  rate,  consequently 
its  lasting  qualities,  such  as  retaining  its  luster  and  ad- 


no.    12 — ELECTRIC    OVEN    USED    FOR    BAKING    ARMATURES    AT    A 
STREET   RAILWAY   KErAIR   SHOP 

A  Standard  line  of  ovens  an3  equipment  has  been  developed 
for  this  work.  This  particular  oven  is  5  ft.,  6  in.  wide,  6  ft. 
high  and  12  ft.,  8  in.  long,  inside  dimensions,  with  a  door  open- 
ing of  4  ft.,  4  in.  wide  by  5  ft.,  8  in.  high.  The  oven  will 
accommodate  twelve  large  armatures  and  has  a  capacity  of  50 
kilowatts.  A  recirculation  ventilating  system  is  used,  the  air 
being  drawn  off  at  the  floor  and  returned  into  the  oven  agai'i 
at  the  ceiling.  75  percent  of  the  air  is  recirculated,  the  balance 
being  exhausted  to  the  atmosphere.  Automatic  temperature 
control  is  used. 


hering  to  the  metal,  especially  when  subjected  to  the 
v.eather,  are  uncomparably  better  than  when  baked  by 
the  hit  and  miss  process. 

As  mentioned  in  the  first  part  of  this  article,  low 
temperature  industrial  heating  received  its  start  in  the 
automobile  industry,  and  latter  proved  its  value.  This 
method  of  heating  has  branched  out  so  rapidly  into 
other  lines  that  it  is  a  safe  prediction  that  in  ten  years 
the  gas  oven  will  be  as  obsolete  as  the  gas  engine  is  now 
in  the  industrial  plants. 

There  are  also  wonderful  possibilities  in  the  field 
of  heating  from  2300  degrees  F  down.     This  includes 


FIG.    13 — INTERIOR    VIEW    OF   OVEN    SHOWN    IN    FIG.    12 

iorging  furnaces,  brass  melting  furnaces,  hardening 
furnaces,  tempering  and  annealing  furnaces,  sherardiz- 
ing  furnaces,  ovens  for  baking  and  drying,  blueing  of 
steel  and  air  tempering,  oil  tempering  baths,  solder  and 
babbitt  melting  pots,  liquid  heaters  of  various  kinds, 
space  heaters  for  heating  tanks,  rolls,  hot  tables,  etc., 
and  air  heaters  for  various  purposes.  Apparatus  as 
above  outlined  is  being  developed  and  it  is  hoped  'hat 
equipment  will  be  available  in  the  near  future  for  all 
such  purposes. 

The  question  often  arises, — "Where  do  you  find 
any  application  for  industrial  electric  heating?"  The 
answer  to  that  question  is — In  almost  every  industrial 
plant.  If  you  don't  believe  it,  just  inquire  at  the  next 
half  dozen  plants  you  visit. 
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"The  wilderness  and  the  solitary  place  shall  be  glad  for  them,   a 

EVERYONE  ATTENDING  the  N.  E.  L.  A.  Con- 
vention this  year,  will  be  keenly  interested  in  the 
story  of  the  part  electric  power  has  played  in 
the  development  of  Southern  California,  and  the 
marvelous  production  of  fruits,  vegetables,  grains, 
cotton  and  livestock  to  feed  and  clothe  a  hungry  nation 
and  a  needy  world.  Not  very  many  years  ago,  millions 
of  acres  of  what  is  now  this  great  garden  of  the  South- 
west were  arid  desert  wastes  where  not  a  sprig  of 
green  could  be  seen  excepting  sage  brush  and  cactus, 
grease-wood  and  gramma  grass  or  perhaps  Joshua  trees. 
One  cannot  but  marvel  at  the  transforming  power  that 
has  made  such  changes  possible  on  so  vast  a  scale ;  and 
while  in  the  final  analysis  God  must  be  recognized  as 
the  one  comprehensive  cause.  God  works  through  men 
in  this  world,  and  men  have  harnessed  God's  power  and 
niade  it  work  these  new  wonders. 

Ever  since  man  awoke  to  the  necessity  of  provid- 
ing food,  clothing  and  shelter  for  himself  and  his  kind, 
he  has  dreamed  dreams  of  better  days  and  states  of 
habitation,  and  ever  since  men  have  dreamed  such 
dreams  and  talked  about  them  the  idea  of  transform- 
ing a  desert  into  a  garden  of  Paradise  has  been  abroad 
ii,  the  world.  But,  although  the  reclamation  of  desert 
lands  is  no  new  thing,  the  Egyptians  having  flooded  the 
thirsty  sands  with  the  muddy  waters  of  the  Nile  and 
converted  them  into  fertile  farms  away  back  in  the  days 
of  the  early  Pharoahs,  while  even  on  this  continent,  in 
Mexico,  in  Arizona,  and  in  other  places,  prehistoric  ir- 
rigation ditches  have  been  found,  yet  never  have  opera- 
tions been  carried  on  over  so  extensive  an  area  or  with 
such  marvelous  results  as  here  and  now  in  Southern 
California. 

These  former  desert  lands  embrace,  among  others, 
the  now  fertile  valleys  of  the  San  Joaquin,  Owens 
River,  San  Fernando,  San  Jacinto,  Perris,  Coachella, 
and  the  Oreat  Imperial  Valley,  where  alone  the  turbid 
waters  of  the  Colorado  River  are  made  to  irrigate  more 
than  500000  acres  of  what  were  formerly  shifting  sand 
dunes,  but  last  year  yielded  products  worth  upwards  of 
$65  000  000. 

Practically  all  of  this  wonderful  Southland,  radiat- 
ing like  a  fan  from  Los  Angeles  to  and  beyond  the  San 
Bernardino  Mountains  on  the  north,  eastward  to  the 
Colorado  River  and  stretching  away  southward  to  San 
Diego  and  the  Mexican  Border,  was  formerly  a  desert. 
Now  these  same  lands  are  producing  alfalfa,  milo 
maize,  barley,  wheat,  broom  corn,  Kentucky  hemp, 
cotton,  wool,  beef  cattle,  hogs,  sheep,  poultry,  dairy  pro- 
ducts, oranges,  grape  fruit,  lemons,  apricots,  peaches, 
pears,  strawberries,  dates,  figs,  raisins,  grapes,  melons, 
honey,  olives,  almonds,  walnuts,  head  lettuce,  aspara- 
gus, peas,  tomatoes,  onions,  spinach,  beans,  sugar  beets. 


(/   the  desert  shall  rejoice  and  blossom   as  the  rose." 

cauliflower,  and  many  other  varieties  of  food  and  agri- 
cultural products  in  enormous  quantities. 

When  the  early  Missionary  Fathers  and  their  fol- 
lowers landed  on  the  shores  of  the  Pacific  and  wandered 
inland,  they  found  that,  wherever  a  stream  of  water  was 
available,  the  Indians  were  irrigating  as  much  of  the 
bnd  as  might  be  required.  Later,  the  white  men  ex- 
tended the  limited  areas  thus  irrigated  until,  more  re- 
cently, great  irrigation  districts  or  reclamation  projects 
were  formed  and  water  applied  to  as  large  an  extent  as 
the  available  supply,  within  reasonable  distances,  per- 
mitted. But  until  hydro-electric  energy  was  trans- 
mitted hundreds  of  miles  from  the  High  Sierras  of 
Mono  and  Inyo  Counties  to  these  southlands,  millions 
of  acres,  which  have  since  been  made  to  rejoice  and 
blossom  like  the  rose,  remained  barren  trackless  wastes, 
although  it  was  known  that  underneath  these  vast 
deserts  were  inexhaustible  reservoirs  of  life-giving 
waters,  renewed  each  year  by  the  melting  snows  on  the 
mountain  tops. 

The  Southern  Sierras  Power  Company  has  long 
been  known  as  the  "Desert  Company",  because  through 
the  building  of  the  longest,  direct  high-tension  trans- 
mission line  in  the  world,  from  Bishop  in  Inyo  County 
and  Rush  Creek  in  Mono  County  to  San  Bernardino 
and  thence  south  to  the  Perris  and  San  Jacinto  Valleys 
and  southeast  through  the  Coachella  Valley  to  the  Im- 
perial Valley  and  the  borderland  of  Mexico,  this  Com- 
pany not  only  supplies  light,  heat  and  power  to  the 
prosperous  communities  and  people  whose  thriving  cities 
and  fertile  ranches  are  now  to  be  found  where  once 
there  was  only  a  desert,  but  the  Southern  Sierras  Power 
Company  and  its  associate  companies  of  the  Nevada- 
California  Electric  Corporation  have  played  a  very  large 
and  important  part  in  bringing  about  this  wonderful 
transformation.  Acres  and  acres  of  arid  lands  have 
been  irrigated  by  waters  from  underground  reservoirs 
delivered  to  the  fields  by  electric  power-driven  pumping 
plants.  Cheap  hydro-electric  power  has  made  possible 
the  profitable  irrigation  for  alfalfa,  grain,  and  deciduous 
fruits  with  water  not  only  25  feet  below  the  surface  of 
the  ground  but  125  feet,  while  lemons  are  grown  by  ir- 
rigation where  the  available  water  is  lifted  move  than 
600  feet  by  electric  power  generated  over  300  miles 
away. 

Thirty-five  hundred  horse-power  is  required  to  op- 
erate the  jumping  plants  supplied  with  electric  power 
from  the  high  tension  lines  of  the  Southern  Sierras 
Company  in  the  Perris  Valley,  1600  hp.  in  the  San 
Jacinto  Valley  and  850  hp.  in  the  wonderful  date-grow- 
ing Coachella  Valley.  In  addition  there  are  larger 
pumping  plants  with  an  installed  capacity  of  looo  hp.  at 
Redlands,  and  300  hp.  at  the  Lytle  Creek  Water  Com- 
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pany's  plant  at  San  ilernardino,  furnishing  water  for 
orange  growers  in  the  Rialto  section,  and  numerous 
similar  installations  scattered  over  the  irrigated  areas 
of   Southern   California. 

In  other  sections  further  east  and  north  the 
Southern  California  Edison  Co.,  Pacific  Gas  &  Electric 
Co.,  and  the  San  Joaquin  Light  &  Power  Co.  are  all 
supplying  the  hydro-generated  electric  energy  for  de- 
livering water  to  now  fertile  and  highly  productive  lands 
which  were  formerly  barren.  At  Colton  the  two  great 
systems  of  The  Southern  Sierias  Power  Company  and 
The  Southern  California  Edison  Company  are  inter- 
connected, making  possible  the  maintenance  of  a  balance 
of  power  between  these  companies  and  consequently 
enabling  each  to  render  better  service.  Before  this 
article  is  published,  the  transmission  of  electric  energy 
throughout  the  length  and  breadth  of  the  state  will  prob- 
ably have  been  accomplished  by  the  bridging  of  the 
fifteen  mile  gap  between  the  lines  of  the  Pacific  Gas  & 
Electric  Company  and  the  .San  Jria(|iiin  Light  &  Power 


K^;;:    ,^ 

.;-:-^ 

Em 

.  '"^^^^'^Hj^^^^^l 

inL 

m;.    I — CATTLE   R.\NCH    IN    THK    IMPERIAL  VALLEY 

All  irrigation  ditch  is  shown  in  the  lower  left  hand  corner. 

Company,  thus  establishing  a  remarkable  flexibility  of 
distribution  and  interchange  of  current  to  meet  the  acute 
shortage  of  power  in  the  Northern  part  of  the  state  this 
year. 

In  addition  electricity  [ilays  a  large  part  in  the  pre- 
])aration  of  the  products  of  these  irrigated  lands  for 
market.  In  packing  houses  and  canneries,  fruit  is 
sorted,  distributed,  washed,  cooked,  hulled,  chopped  and 
labelled  by  electrical  machinery.  Cotton  is  ginned  and 
oranges  and  lemons  are  packed  in  boxes  made  by  nail- 
ing machines,  operated  at  low  cost  by  electric  power. 

Although  the  famous  Imperial  Valley  is  irrigated 
by  gravity  waters  from  the  Colorado  River  through 
a  net  work  of  canals  comprising  the  most  remarkable 
irrigation  system  in  the  world,  here,  too,  electric  power 
has  played  and  is  playing  a  most  essential  part,  not  only 
in  the  marketing  of  the  abundant  products  of  the  soil 
but  in  making  living  conditions  more  tolerable  under 
the  extreme  heat  of  the  summer  months.  The  Imperial 
Ice  &  Develoi)ment  Co.,  a  subsidiary  of  the  Nevada-Cali- 
fornia Electric  Corporation,  having  three  plants  at 
Brawley,  El  Centro  and  Calexico,  as  well  as  a  fourth 
plant  at  Coachella,  manufactured  last  year  78000  tons 


of  ice  by  hydro-electric  power  transmitted  nearly  500 
miles,  the  consumption  of  current  for  this  purpose  being 
upwards  of  6000000  kw-hr.  Ice  is  supplied  to  the 
people  of  these  valleys  but  is  required  principally  for 
icing  refrigerator  cars  of  perishable  fruits  and  vege- 
tables which  can  thus  be  shipped  to  the  great  markets  of 
the  east,  carrying  a  breath  of  sunkist  freshness  and 
vitality  from  this  wonderful  southland  to  the  tables  of 
a  vast  portion  of  the  population  of  the  country  during 
the  months  when  they  would  otherwise  be  dependent  on 
the  can-opener.  This  season  3000  cars  of  lettuce, 
spinach  and  asparagus  requiring  28  000  tons  of  ice  were 
shipped  and  ice  is  now  being  stored  for  shipping  ten  to 
twelve  thousand  carloads  of  cantaloupes  to  be  shipped 
during  the  coming  season. 

The  marvelous  fertility  of  the  soil  of  the  Imperial 
Valley  is  due  in  a  large  measure  to  the  rich  silt  con- 
taining minerals  and  other  fertilizing  products  deposited 
on  the  land  each  year  by  the  irrigating  waters  of  the 
Colorado  River.  Rut  at  Hanlon  Heading,  where  the 
Imperial    Irrigation    District    maintains   a    large    intake 
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for  supplying  water  to  the  valley,  so  heavy  are  the  de- 
l)osits  of  silt  that  it  is  necessary  to  operate  four  large 
dredges  in  order  to  keep  the  main  canals  open.  The.se 
are  all  electrically  driven,  the  installation  totalling  2762 
horse-power;  Hanlon  Heading  is  510  miles  from  The 
Southern  Sierras  Power  Co.'s  Mono  County  generating 
jilant  on  Rush  Creek. 

Thus  in  this  way,  also,  cheap  hydro-electdc  power 
is  an  essential  factor  in  the  now  marvelous  productivity 
(if  the  great  American  desert.  In  other  ways  too,  it 
adds  comfort  and  increases  efficiency  by  lightening  the 
burdens  of  people  who  live  and  work  in  the  valley. 
Much  of  the  cooking  is  done  by  electricity,  and  new 
electric  ranges  are  being  installed  constantly,  together 
with  other  modern  electric  devices  which  lessen  the 
heat  of  household  labors,  including  electric  flat  iions, 
mangles,  washing  machines  and  fans.  The  reclamation 
of  the  desert  is  no  longer  a  dream  but  a  wonderful 
reality,  and  the  pioneering  courage  and  spirit  which 
have  brought  this  to  pass  made  it  possible  for  America 
not  only  to  send  vast  quantities  of  food  and  clothing 
abroad  during  the  war  but  likewise  places  upon  us  a 
responsibility  of  continuing  these  shipments  to  the  starv- 
ing people  of  Europe  and  the  Near  East. 


Oi^iiaidojiial  >S«:rDot 


ylgluin;'; 


I,    A,  S.  WnoD 

Manager,  Illuminating  Section, 

George  Cutter  Works,  South  Bend.  Indiana 


IN  THE  early  days  of  electricity,  street  lighting  de- 
sign was  a  simple  problem,  the  solution  of  which 
generally  took  the  form  of  arc  lamps  at  street  in- 
tersections ;  but  with  the  growth  of  the  "City  Beautiful" 
idea,  progressive  cities  demanded  more  ornamental 
lighting  fixtures  and  the  elimination  of  unsightly  over- 
head equipment.  Thus  "ornamental  street  lighting"  be- 
came a  slogan. 

Ornamental  street  lighting  schemes  usually  origi- 
nate with  groups  of  progressive  citizens,  and  advantage 
is  often  taken  of  the  engineering  experience  of  manu- 
facturers of  street  lighting  devices  who  prepare  detailed 
reports  and  recommendations  which  enable  the  citizens 
to  form  an  estimate  of  the  cost  and  upkeep  of  a  suitable 
system.  The  proposition  is  then  handled  in  the  same 
way  as  a  municiple  paving  scheme,  an  "Improvement 
District"    is   created    and    an    assessment    made   on    the 
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property  owners  to  cover  the  cost  of  the  improvement. 
In  other  cases,  the  city  will  undertake  the  installation 
and  maintenance  of  ornamental  systems  in  important 
business  sections,  or  the  merchants  in  the  section  will 
subscribe  the  necessary  funds,  on  a  front  foot  basis,  for 
the  installation  and  the  city  will  undertake  the  mainten- 
ance. 

In  designing  a  street  lighting  system  four  funda- 
mental factors  should  be  considered,  viz : — 

I — Type  of  lighting  unit. 

2 — Height  of   unit  above  sidewalk. 

3 — Method  of   supporting  lighting  unit. 

4 — Sj'stem   of   operation. 

Other  factors,  such  as  width  of  streets,  type  of 
streets  (business  or  residential),  character  of  adjacent 
buildings,  distance  from  substation,  etc.,  must  also  be 
taken  into  consideration. 

The  introduction  of  the  high  efficiency  Mazda  C 
lamp,  with  the  almost  total  elimination  of  the  arc  lamp, 
has  made  ornamental  street  lighting  possible  and  many 


beautiful  designs  in  ornamental  lighting  units,  posts  and 
lirackets  have  been  placed  on  the  market,  some  of  which 
;ire  illustrated  in  this  article. 

Ornamental  street  lighting  units  may  be  divided 
into  two  classes,  the  suspension  and  the  upright  type. 
The  latter  are  used  on  ornamental  posts  and  on  trolley 
brackets,  as  shown  in  Figs.  3  and  5,  while  the  former 
are  used  on  taller  posts  as  shown  in  Figs.  7  and  8. 

On  business  streets  where  there  are  no  trolley  poles, 
ornamental  posts  of  the  type  shown  in  Fig.  3,  are  usually 
adopted   and   the   decorative   effect   of   such   a   post    is 
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KIC.    4 — SECTIONAL    VIEW    OF 
SOL-LUX    UNIT 

Showing  internal  reflectors. 


thoroughly  in  harmony  with  the  "City  Beautiful"  idea. 
These  posts  are  designed  to  bring  the  light  center  of  the 
unit  from  10.5  ft.  to  15  ft.  above  the  sidewalk,  and  at 
tl-.ese  mounting  heights,  diffusing  glassware  should  be 
used  in  the  lighting  unit,  as  otherwise  glare  will  result. 
Glare  within  the  range  of  vision  of  the  pedestrian  or 
vehicle  driver  should  always  be  avoided.  It  causes  the 
Ijupil  of  the  eye  to  contract  in  an  effort  to  protect  the 
delicate  mechanism  of  the  retina,  thus  preventing  the 
observer  from  seeing  as  well  as  he  would  be  able  to  do 
with  a  light  source  of  lower  intensity  but  more  perfect 
diffusion.  We  are  conscious  of  this  phenomenon  when 
entering  a  moving  picture  theatre  from  a  street  flooded 
v>ith  sunlight, — at  first  no  details  can  be  seen  but  gradu- 
ally when  the  eye  becomes  accustomed  to  the  light,  or 
ii-  other  words  when  the  pupil  becomes  dilated  permit- 
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ting  more  light  to  enter  the  eye,  the  interior  details  be- 
come visible. 

With  upright  units  or  "post  tops"  the  best  distribu- 
tion on  the  lighting  plane  is  obtained  from  units  with  in- 


FIG.   5— CAMOUFLAOF.D  TROLI.F.Y   POLES 

ternal  reflectors,  such 
as  shown  in  Fig.  4,  but 
if  a  more  decorative 
effect  is  desired  with  in- 
creased illumination  in 
the  upper  hemisphere  to 
bring  out  the  details  of 
adjacent  buildings,  units 
of  the  type  of  the 
Eg\'ptian  top  shown  in 
Fig.  I  may  be  used,  or 
the  "Sol-lux"  top,  Fig. 
2,  may  be  equipped  with 
a  glass  canopy  instead  of 
the  metal  ventilator. 
Round  ball  globes  are 
not  recommended  on 
single  light  posts. 

In  cities  where  street 
lighting  of  a  less  orna- 
mental character  is  de- 
sired, taller  posts  with 
pendant  units,  such  as 
shown  in  Figs.  7  and  8, 
may  be  used.  In  these 
cases,  the  units  are 
mounted  from  18  to  25 
f f.  above  the  sidewalk,  and  may  be  equipped  either  with 
diffusing  glassware  or  refractors.  At  this  mounting 
height  the  intrinsic  glare  of  the   refractor  unit   is  not 
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objectionable  and  excellent 
distribution  on  the  lighting 
plane  is  obtained  with  a  cor- 
responding increase  in  dis- 
tance between  posts. 

One  of  the  most  difficult 
problems  which  faces  the  il- 
luminating engineer,  when 
laying  out  a  modern  street 
lighting  system,  is  the  pres- 
ence of  trolley  poles  along  the 
streets,  and  it  has  been  found 
very  difficult  to  reconcile  the 
purely  utilitarian  features  of 
the  trolley  pole  with  the 
artistic  requirements  of  an 
ornamental  street  lighring 
system. 

Some  progressive  cities  have 
solved  the  problem  by  remov- 
ing the  trolley  poles  and  at- 
taching the  span  wires  to  the 
fronts  of  the  buildings ;  others 
have  used  the  trolley  poles  as 
supports  for  ornamental  light- 
ing brackets,  but  neither  of 
these  solutions  has  met  with 
general  approval.  The  diffi- 
culty of  obtaining  permission 
fiTini   property  owners  vo  at- 


• 
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tach  trolley  wires  to  buildings  has  prevented  the 
general  adoption  of  the  first  scheme,  and  the  second 
is  objectionable  in  that  the  trolley  pole  still  remains  an 
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unsightly  but  necessary  evil. 

A  very  satisfactory  solution  of  this  problem  is 
shown  in  Fig.  5,  illustrating  a  street  lighting  unit  which 
completely  disguises  the  trolley  pole,  while  at  the  same 
time  preserving  its  utilitarian  character.  The  new 
ornamental  trolley  pole  equipment  consists  of  a  hollow 
cast-iron   column   with  bracket  arms  which   is   slipped 


FIG.    7 — ARCADIAN    POST    WITH 
EGYPTIAN    LANTERN 


FIG.    8 — ARCADIAN    POST    WITH 
MILWAUKEE  LANTERN 


over  the  existing  trolley  pole  and  so  arranged  that  a 
maximum  rake  in  the  trolley  pole  of  four  inches  can  be 
concealed  in  the  hollow  column. 

For  convenience  in  shipment  and  erection,  the  cast- 
iron  column  is  made  in  four  sections,  viz.,  the  base,  the 
main  column,  the  bracket  section  and  the  top  column. 
Each  of  the  sections  is  provided  with  an  adjustable 
brace  so  that  the  whole  can  be  set  in  alignment.  The 
span  wire  is  attached  directly  to  the  trolley  pole  by  a 


ring  bolt  which  passes  through  the  top  capital,  and  the 
strain  caused  by  passing  trolley  cars  is  carried  by  the 
trolley  pole  and  not  the  casing. 

The  method  devised  for  wiring  this  equipment  is 
very  simple.  The  underground  cable  (usually  steel- 
armoured  lead-covered)  is  brought  directly  to  the  lower 
part  of  a  disconnecting  pothead  set  in  the  base  of  the 
pole  where  it  is  sealed  with  compound  and  efficiently 
bonded  by  two  bonding  clamps,  as  shown  in  Figs.  9  and 
10.  Lead-covered  cables  are  then  carried  from  the 
upper  part  of  the  disconnecting  pothead  between  the 
pole  and  the  casing  to  the  lighting  units.  Access  to  the 
pothead  is  obtained  through  a  door  in  the  base  of  the 
column  and  wiring  is  facilitated  by  removable  plates  on 
either  side  of  the  brackets. 

The  height  from  sidewalk  to  the  light  center  of  the 
top  unit  is  22  ft.  9  in.  and  the  height  to  the  light  renter 
of  the  side  units  is  18  ft.  8  in.  The  artistic  appearance 
of  the  camouflaged  trolley  pole  can  readily  be  seen  and 


FIG.    9 — DISCONNECTING   POTHE.-\D        FIG.     10 — DETAILS    OF    POTHEAD 

this  equipment  transforms  an  unsightly  trolley  pole  into 
an  ornamental  lighting  post,  improving  the  appearance 
of  the  street  in  daylight  and  producing  a  brilliant 
"Whiteway"  effect  at  night. 

Owing  to  its  flexibility,  the  series  system  of  distri- 
bution is  usually  adopted  for  ornamental  street  lighting. 
On  such  a  system,  lamps  of  60  to  1500  candle-power 
may  be  used,  thus  permitting  the  candle-power  of  the 
lighting  units  to  be  varied  in  accordance  with  the  re- 
quirements of  their  location  and  at  the  same  time  the 
whole  circuit  can  be  controlled  from  one  point. 

With  the  variety  of  ornamental  street  lighting  fix- 
tures now  available  the  possibilities  of  efficient  and 
artistic  lighting  for  the  "City  Beautiful"  are  unlimited, 
and  public  spirited  men  who  are  guiding  the  destinies 
of  American  cities  will  find  an  easy  solution  to  their 
problems  by  consulting  the  manufacturers  of  these  de- 
vices, who  have  devoted  many  years  of  research  to 
the  design  of  suitable  apparatus. 


Otis  L.  Johnson 

Illuminating  Engineer, 

IJinjaniiii   Electric  Company 


THE  CONSERVATION  of  eyesight  is  of  so  much 
economic  importance  that  six  states  have  adopted 
lighting  codes,  and  several  others  have  tenative 
codes.  All  of  these  have  one  motive  and  that  is  the 
protection  of  the  eyes  of  the  workmen,  for  the  authori- 
ties realize  that  most  accidents  in  industrial  plants  are 
caused  by  dim  illumination,  glare  (both  direct  and  re- 
flected), long  sharp  shadows  and  high  contrasts. 

The  efifects  which  must  be  attained  by  a  modern 
efficient  industrial  lighting  system  are : — 

I — Absence  of  both  direct  and  reflected  glare. 
2 — Sufficient   intensity  on  all  working  surfaces,    (hori- 
zontal and  vertical). 

3 — An   intensity   of    illumination    on    posts,   walls    and 
ceilings  so  as  not  to  cause  objectionable  contrasts. 
4 — Good  diffusion. 

5 — Light  from  the  proper  direction  so  as  to  avoid  ob 
jectionable  shadows. 


Glare  is  the  biggest  word  of  four  letters  in  the  il- 
luminating engineers'  vocabulary.  Glare  is  dangerous ; 
for  it  is  positive  in  its  harm.     It  destroys  good  eyesight, 


that  the  eye  is  so  often  held  directed  upon  such  sur- 
faces for  long  periods  of  time,  and,  while  the  glare  may 
not  be  sufficiently  annoying  to  be  recognized  as  of  a 
serious  nature,  it  will  undoubtedly  in  time  produce  eye 
fatigue  or  even  permanent  injury.  Since  the  brightness 
of  the  reflected  image  is  dependent  upon  the  brightness 
of  the  light  source,  it  follows  that  the  harmful  effects 
of  specular  reflection  can  be  minimized  by  reducing  the 
brightness  of  the  primary  light  source.  This  can  be 
done  by  using  reflectors  of  large  area  with  bowl 
enameled  lamps  or  lamps  equipped  with  some  diffusing 
medium  to  prevent  the  direct  light  rays  from  striking 
the  surfaces  which  cause  the  trouble.  It  is  much  more 
important  to  consider  this  point  when  designing  the  il- 
lumination of  a  machine  or  tool  and  die  making  shop, 
than  it  is  for  a  carpenter  or  wood  working  shop,  be- 
cause the  reflected  images  from  metal  are  much  more 
distinct  than  those  from  wood.  Both  direct  and  re- 
flected glare  must  be  avoided  in  order  that  the  eyes  may 
function  properly. 


FIG.    I  -  .NKiHT  VIKW   OK  THK  INTEKN.MIONAL   HARVESTER 
COMrANY    FOi;NnRV 

Using  300  watt  Mazda  C  lamps,  provided  with  top  pole 
reflectors,  placed  i8  ft.  above  floor  and  spaced  approximately 
20  ft    apart. 

a  I  first  momentarily,  temporarily,  and  then  perman(;ntly. 
Beside  that,  as  a  large  factor  in  wrong  illumination,  it 
is  criminal  in  its  effect  upon  health  and  as  a  drag  upon 
production.  Direct  glare  is  light  of  high  brilliancy  in 
the  field  of  vision.  When  light  falls  on  polished  sur- 
faces or  any  surface  from  which  it  is  reflected,  the  re- 
sult is  reflected  glare.  Reflected  glare  is  often  less  ob- 
vious than  that  which  comes  direct  from  the  light 
source,  but  it  is  usually  much  more  harmful  because  of 
its  insidious  nature,  in  that  it  comes  to  the  eye  stealthily 
reflected  from  some  polished  surface.  Since  the  eye 
is  not  guarded  by  nature  from  bright  light  or  reflections 
from  below,  the  detrimental  effects  of  reflected  ?lare 
are  frequently  more  injurious  than  those  of  direct 
glare. 

Reflected    glare    is    harmful    because    of    the    fact 


VIC.    2 — ILLUMlXAilO.N    OF    I'UKSS    Sllor 

I 'sing  75  watt  Mazda  C  lamps,  with  opal  caps  and  R.  L.  M. 
(  reflector  and  lamp  manufacturers)  standard  dome  reflectors, 
placed  8  ft.  6  in.  above  the  floor  and  spaced  approximately  8 
fi.  apart. 

"Safety  First"  has  become  more  than  a  slogan,  so 
it  is  reasonable  to  expect  that  since  the  preservation  of 
eyesight  is  as  important  as  the  protection  of  limb,  em- 
ployers of  labor  will  do  all  in  their  power  to  overcome 
this  very  prevalent  abuse,  and  prevent  the  destruction 
of  worker's  eyes,  which  is  so  continual  at  present. 

Glare  forces  the  pupil  of  the  eye  to  become  small, 
thus  admitting  only  a  small  amount  of  light.  Eyestrain 
and  fatigue  follow,  which  in  turn  cause  the  workman 
lo  have  headaches,  to  be  nervous,  restless,  and  ineffi- 
cient. A  general  mdisposilion  to  work  takes  hold  of  a 
workman  who  is  so  unfortunate  as  to  be  the  victim  of 
these  ailments.  What  is  the  result?  Low  production, 
spoiled  material,  wasted  tiine,  higher  cost  per  unit  of 
output,  and  more  accidents.  No  enlightened  factory 
management   would   think  of  allowing  such   effects  to 
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continue  in  his  plant.     Why  not  strike  at  the  cause,— 

wrong  iUuniination. 

INTENSITY 

Blindfold   a   skilled  mechanic.      How  much   work 
can  he  do  ?     Provide  him  with  dim  illumination  and  he 


FIG.   3 — NIGHT   VIEW    OF   A    MACHINE    SHOP 

Lighted  with  100  watt  Mazda  C  lamps  and  enameled  bowl 
reflectors,  placed  9  ft.  above  the  floors  and  spaced  8  ft.  apart. 

is  able  to  do  some  work.  But,  in  order  that  this  skilled 
mechanic  may  work  efficiently  and  economically,  he 
must  be  provided  with  the  right  amount  of  the  proper 
kind  of  light. 

Different  industries  and  different  operations  of  a 
given  industry  require  varying  intensities  of  illumina- 
tion. Since  the  light  which  is  really  effective  for  pur- 
pose of  vision  is  that  which  enters  the  eye  from  the  ob- 
ject viewed,  it  is  necessary  to  make  the  lighting  system 
supply  enough  light  to  the  object,  so  that  the  amount  re- 
flected from  it  to  the  eye  will  be  sufficient  for  clear  and 
comfortable  vision.  In  other  words,  the  brightness  of 
the  object  is  the  vital  factor,  and  this  depends  not  only 
on  the  light  received,  but  upon  the  reflecting  power  of 
the  illuminated  object.  Materials  vary  quite  widely  in 
reflecting  power.  White  surfaces  reflect  as  high  as  80 
percent  of  the  incident  light,  but  black  objects  reflect 


When  designing  a  lighting  system  for  a  given  shop, 
careful  attention  must  be  paid  to  the  average  reflecting 
power  of  tools  and  materials.  In  a  textile  mill  where 
only  white  goods  are  made,  a  certain  intensity  of  il- 
luinination  may  be  satisfactory,  but  if  the  goods  are  red, 
green  or  some  other  dark  shade,  a  higher  intensity  will 
be  necessary.  For  rough  work,  requiring  no  observ- 
?nce  of  fine  detail,  a  moderate  intensity  is  adequate; 
whereas,  for  fine  work,  such  as  weaving,  the  illumina- 
tion must  be  strong  enough  to  enable  the  operator  to 
handle  with  ease  the  individual  threads.  In  fine  ma- 
chine work,  in  which  accurate  measurements  are  made 
and  tools  must  be  set  with  great  precision,  a  very  in- 
tense illumination  is  required. 

INTENSITY  ON    POSTS,   WALLS  AND   CEILINGS 

Care  must  be  used  in  this  regard,  for  an  installation 
of  good  reflectors  can  be  rendered  almost  useless  it 
used  under  unfavorable  conditions.  In  order  that  there 
shall  not  be  a  too  high  constrast  of  intensity  between 
the  work,  the  floor,  and  the  post  and  walls,  it  is  neces- 


FIG.    4      -hil;\(,l     WAREHOUSE 

Lighted  with  200  watt  Mazda  C  lamps,  10  ft.  above  the 
floor  and  16  ft.  apart,  equipped  with  luminous  top  reflectors, 
with  opal  glass  hoods,  which  diffuse  a  soft  light  upon  the  upper 
parts  and  ceiling  of  the  room.  This  illumination  of  the  area 
above  the  reflector  rim  adds  to  the  apparent  height  of  the  ceil- 
ing and  gives  a  cheerful  effect. 

only  a  fraction  of  one  percent.  Thus,  light  objects  have 
high  reflecting  power  and  dark  objects  low  reflecting 
power. 


FIG.    5 — QUEEN    .X.N'D    CRESCENT    RAILROAD    REPAIR    SHOPS 

The  center  row  of  lights  consists  of  1000  watt,  Mazda  C 
lamps,  equipped  with  shallow  bowl,  porcelain  enameled  steel, 
ventilated  reflectors,  spaced  50  ft.  apart.  The  lights  at  the  side 
of  the  aisle  are  500  watt  Mazda  C  lamps,  spaced  22  ft.  apart, 
23  ft.  above  the  floor.  They  are  equipped  with  porcelain 
enameled  steel,  elliptical  angle  reflectors,  designed  to  distribute 
the  light  to  one  side,  as  well  as  along  the  aisle,  giving  light  .in 
the  work  from  all  directions  and  without  glare. 

sary  to  allow  some  light  to  fall  upon  them.  Other  con- 
ditions being  correct,  this  will  allow  the  eye  to  func- 
tion properly,  thus  eliminating  accidents  which  are 
c.'used  by  a  workman  not  being  able  to  take  in  his 
surroundings  more  or  less  subconsciously. 

An  exaggerated  example  of  what  is  meant  by  high 
contrast  is  that  of  automobile  headlight  lamps  burning 
under  daylight  conditions,  and  then  at  night  in  the  dark- 
ness. The  lamps  are  hardly  noticeable  during  the  day 
because  of  the  intensely  illuminated  environment,  but 
at  night,  when  darkness  prevails,  the  glare  is  blinding 
to  the  eye.  So  care  must  always  be  used  to  see  that  all 
surfaces  are  so  illuminated  as  to  avoid  dark  back- 
grounds. 

GOOD  DIFFUSION 

Dift'used  light  is  that  kind  which  eliminates  sharp, 
harsh  shadows  and  permits  the  pupil  of  the  eye  to  ex- 
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pand,  so  that  the  workman  has  high  visual  acuity,  or 
distinctness  of  vision.  Machines  are  never  located  so 
that  they  are  in  direct  sunlight,  for  plant  managers 
realize  that  dififused  daylight  is  the  best  natural  light  by 
which  to  work.  Light  from  the  sky  varies  in  color  and 
iiitensity  from  morning  till  night.  North  sky  light  is 
most  constant  in  both  these  qualities,  which  accounts 
for  the  fact  that  the  majority  of  skylights  face  the 
north. 

That  system  of  artificial  illumination  which  most 
closely  approximates  dififused  daylighting  is  the  best 


IK;.    6 — lili.\SS    FOUNDRY    WITH    DUST,    GAS    AND   VAPOR    PROOF 
SIIAII.OW   HOWL   REFLECTORS 

Using  20O  watt  M;iztl;i  C  lamps,  12  ft.  above  the  floor  ami 
16  I't.  apart. 

system  of  artificial  lighting  by  which  to  work.  This 
would  iTiean  a  ceiling  which  is  entirely  luminous.  This, 
of  course,  is  impractical,  but  it  gives  color  to  one  of  the 
fundamental  principles  of  good  illumination  which  is, 
the  installation  of  a  large  number  of  small  light  sources 
in  preference  to  a  small  number  of  large  ones. 

LIGHT   FROM   THE   PROPER  DIRECTION 

It  does  not  require  a  great  amount  o£  argument  to 
convince  any  one  that  a  workman  cannot  work  effi- 
ciently when  standing  in  his  own  light.  He  is  at  a  great 
disadvantage  and  must  necessarily  work  slowly,  thus 
cutting  down  production,  besides  spoiling  more  material 
and  raising  the  accident  hazard.  For  these  reasons,  it 
is  highly  desirable  to  place  lighting  units  .so  that  no 
matter  where  machines  or  benches  are  located,  they 
will  receive  light  from  the  proper  direction.  When  this 
is  done,  unsightly,  inefficient,  glare-producing  localized 
or  drop  cord  lighting  is  unnecessary,  and  the  resultant 
illumination  is  of  that  type  which  protects  the  eyes, 
gives  good  diffusion,  provides  agreeable  contrasts  of  in- 
tensity, and  also  provides  each  individual  piece  of  work 
with  light  from  several  light  sources. 

Nearly  all  up-to-date  industrial  plants  now  have  a 
Welfare  Departinent,  with  a  personnel  which  recognizes 
more  and  more  the  value  of  correct  illumination  as  a 
means  of  improving  the  health  and  happiness  of  work- 
ing people.  When  the  lighting  system  is  properly  de- 
signed, a  double  gain  is  made,  for  in  addition  to  a  lot 
of  improved  men  and  women,  the  employer  obtains: — 

I — Incrcasi-d   production. 

2 — Decreased  costs  per  nnit  of  output. 

3 — Improved  quality  and  less  spoilage. 

4 — Fewer  accidents. 


INCREASED   PRODUCTION 

Industrial  plants  use  artificial  illumination  on  an 
average  of  five  hours  per  day,  based  on  a  year's  opera- 
tion. To  be  able  to  work  at  daylight  efficiency  during  the 
time  when  artificial  illumination  is  necessary  is  a  dis- 
tinct advantage,  because  of  the  resulting  increase  in 
production,  which  amounts  to  from  eight  to  fifteen  per- 
cent, as  proven  by  actual  production  records. 

On  the  basis  of  production  in  the  United  States, 
this  means  the  services  of  i  500000  workmen  who  do 
not  require  food,  clothing  or  a  place  to  live,  nor  ma- 
chines or  places  to  put  them.  At  this  time  when  the 
cry  "Increase  Production"  is  heard  around  the  world, 
it  certainly  seems  fitting  that  every  plant  owner  and 
manager  should  take  steps  to  provide  this  dividend  re- 
turning investment  for  his  plant. 

IMPROVED  QUALITY 

When  superintendency  is  made  easier  and  the 
workman  is  able  to  see  his  work  distinctly  and  without 
eyestrain,  less  material  is  spoiled  and  better  quality  at- 
tained. A  few  years  ago,  a  government  report  stated 
that  out  of  $150000000  spoilage  in  the  United  States 
during  the  year,  $28000000  was  due  to  poor  illumina- 
tion. This  amount  would  pay  for  many  thousand  in- 
stallations of  right  lighting  systems,  and  relieve  our 
industries  of  a  tremendous  drain. 

ACCIDENTS 

Accidents  cause  suffering;  they  also  cause  loss  of 
time  already  paid  for  by  the  employer.  They  lessen 
production ;  and  many  accidents  are  demoralizing  to  the 
entire  working  force.  The  employer  bears  the  brunt  of 
most  of  this  loss,  and  also  the  loss  due  to  the  compensa- 
tion which  must  be  paid  to  the  injured  workman. 
Seventy-five  percent  of  industrial  accidents  occur  dur- 
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FIG.    7 — MONTHLY   CHART  OF   RKl'ORTF.D   FATAL  ACCIDENTS   FOR 
liACH    YEAR 

.\dequate    artificial    lighting    during    the    winter    months 
would  prevent  many  of  these  accidents. 

ing  hours  of  darkness  or  semi-darkness;  more  than  one- 
fourth  of  these  can  be  prevented  by  the  installation  of 
properly  designed  lighting  systems.  At  a  time  when 
the  man  power  of  America  is  so  very  important — at  a 
time  when  every  ounce  of  effort  must  be  made  in  in- 
dustry— it  is  the  duty  of  every  manufacturing  institution 
to  provide  artificial  illumination  which  will  prevent  ex- 
pensive and  distressing  accidents. 


Ma 


1920 


THE  ELECTRIC  JOURNAL 


This  is  not  an  academic  question.  These  state- 
ments are  conservative  when  viewed  in  the  light  of  the 
facts  as  they  are  reported  by  eminent  investigators  and 
supported  by  repeated  and  authentic  experiments.  As 
an  example,  Mr.  R.  E.  Simpson  of  the  Travelers  Insur- 
ance Co.  states  that  23.8  percent  of  91  000  accidents  in- 
vestigated by  his  company  were  caused  by  improper  or 
inadequate  illumination.  He  further  states  that,  "If  we 
assume  that  only  18  percent  of  our  industrial  accidents 
are  due  to  defects  in  the  lighting  installation,  on  that 
basis  the  services  of  108  000  men  for  one  year  are  lost 
annually  in  this  country.  That  this  condition  should  ex- 
ist year  after  year  is  all  the  more  reprehensible,  because 
of  the  fact  that  the  remedy  is  so  easily  applied  and  has 
beneficial  results  in  many  ways  other  than  in  the  element 
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FIG.   8 — RATIO    OF    LIGHT    INTENSITY    TO    AREA    ILLUMINATED 

Based  on  the  use  of  Mazda  C  lamps  and  Benjamin  porce- 
lain enameled  steel  reflectors  and  a  utilization  efficiency  of  50 
percent.  From  these  cun'es  can  be  determined  the  area  which 
can  be  lighted  to  a  given  intensity  with  a  given  size  lamp;  or 
the  intensity  with  which  a  given  size  lamp  will  light  a  given 
area ;  or  the  size  of  lamp  which  is  required  to  light  a  given 
area  at  a  given  capacity.  For  example  a  200  watt  Mazda  C 
lamp  will  light  almost  500  sq.  ft.  to  an  intensity  of  three  foot 
candles. 

of  safety  involved.  Accidents  caused  by  carelessness, 
inattention  or  ignorance  can  be  elimented  only  by  a  long 
continued,  painstaking,  educational  campaign,  often  in- 
volving a  change  in  long  established  habits.  The 
elimination  of  accidents  due  to  inadequate  or  improper 
illumination  is  simply  a  matter  of  purchasing  approved 
equipment  and  installing  it  under  competent  direction." 
The  necessity  of  proper  illumination  has  been 
emphasized  in  the  preceding  paragraphs.  Conditions 
vary  so  widely  in  different  installations  that  it  is  im- 
possible to  go  into  details  of  exact  design  in  a  short 
•article.  However,  bearing  in  mind  all  the  facts  hereto- 
fore brought  out,  the  curves  in  Figs.  8  and  9  will  be 
of  service  in  designing  a  system  of  illumination  which 
will  give  good  results. 


CONCLUSION 

The  equipment  necessary  for  a  system  of  lighting 
which  complies  with  all  the  requirements  of  good  il- 
lumination can  be  installed  and  operated  for  less  than 
one  percent  of  the  average  workman's  wage.  This  sum 
is  trivial  when  contrasted  with  the  advantages.  Good 
illumination  is,  therefore,  not  an  expense  but  is  an  in- 
vestment which  pays  large  dividends. 

Adequate  factory  illumination  reduces  eye  strain, 
produces  more  cheerful  surroundings,  lessens  fatigue  in 
performing  work,  permits  better  order  and  neatness  in 
the  shop,  allows  more  effective  superitendency  and 
management,  results,  in  general,  in  approximately  25 
percent  reduction  in  preventable  accidents  and  approxi- 
mately  12  percent  increase  in  production,  these  latter 


FIG.    O — RATIO    OF    MOUNTING    HEIGHT   TO    SPACING    FOR    UNIFORM 
ILLUMINATION 

This  chart  shows  the  maximum  spacing  allowable  for  any 
given  height  for  each  of  the  four  chief  types  of  Benjamin 
porcelain  enameled  reflectors.  The  spacing  between  reflectors 
when  they  are  properly  installed  is  in  constant  proportion  to 
the  mounting  height.  This  ratio  is  the  same  for  all  reflectors 
lor  any  one  type,  but  the  ratio  of  each  type  is  different  from 
that  of  the  others.  If  the  height  and  spacing  are  fixed,  this 
chart  will  show  the  type  of  reflector  which  should  be  used  to 
give  uniform  illumination.  For  a  new  installation,  it  can  be 
used  to  determine  the  spacing  for  any  desired  height  and  type 
of  reflector.  Uniform  illumination  will  be  secured  with  any 
closer  spacing  than  that  indicated  on  the  chart. 

figures  being  dependent,  of  course,  upon  the  previous 
condition  of  the  factor}'. 

Don't  judge  illumination  by  the  brightness  of  the 
lamps,  but  rather  by  the  light  on  the  object  to  be  seen. 

Don't  work  in  a  flickering  light. 

Don't  expose  the  eyes  to  an  unshaded  light. 

Don't  work  facing  the  light. 

Don't  use  a  bright  light  against  a  dark  background. 

Don't  waste  light  by  using  the  wrong  reflectors. 

Don't  use  shallow  reflectors,  which  allow  the  lamp  to 
be  seen. 

Don't  let  lamps,  globes,  or  reflectors  get  dirty. 

Don't  save  light  at  the  expense  of  eyesight. 


Steam  for  Extiaiif^iii?>]niig  Fires  m  Turbo- 


j.   J.    LluLOllLKlY 

Electrical  Supt.,  Power  Station  Dept., 
Duquesne  Light  Company 


THE  question  of  extinguishing  fires  in  large  turbo- 
generators is  one  of  vital  importance  to  operat- 
ing men  of  today.  The  loss  of  a  large  unit, 
which  is  generally  a  large  percent  of  the  total  capacity 
of  the  system,  is  very  serious.  A  long  time  is  required 
to  get  such  a  unit  back  in  service,  not  only  because  of 
the  time  required  for  repairing  the  damage,  but  also 
because  of  that  lost  in  securing  repair  parts  from  the 
manufacturers  under  present  conditions. 


FU;.     I — I.OC.MIO.N     OK    VALVKS 

Since  the  modern  type  of  turbo-generator  is  en- 
tirely enclosed,  and  requires  an  enormous  amount  of 
air  for  ventilation,  the  method  of  extinguishing  fires 
must  be  one  that  can  be  applied  at  the  point  where  it  is 
most  effective  with  the  greatest  expedience.  Steam 
and  water  are  the  two  most  common  mediums  used  for 
extinguishing  fires  and  the  question  of  which  is  the 
better  is  still  debatable.  In  the  first  method  steam  is 
used  to  smother  the  fire  by  the  displacement  of  the 
air  in  the  generator.  In  the  second  method  water  is 
used  to  saturate  the  windings,  and  thereby  quench  the 
flame. 

In  1918,  the  Duquesne  Light  Company,  of  Pitts- 
burgh, Pa.,  as  a  precautionary  measure,  installed  a  pip- 
ing systein  to  all  its  turbo-generators  for  using  steam  in 
extinguishing  internal  generator  fires. 


DESCRIPTION   OF  EXTINGUISHERS 

The  extinguisher  consists  of  two  parts;  a  two  inch 
perforated  pipe  mounted  in  the  air  inlet  of  the  genera- 
tor and  a  glass  covered  cast  iron  valve  box  mounted 
on  the  side  of  the  generator.  Fig.  2  shows  the  general 
arrangement  of  mounting  the  extinguisher.  Steam  is 
obtained  for  the  extinguisher  from  the  mains  supplying 
the  auxiliaries,  which  assures  a  constant  supply,  as  the 
auxilliaries  are  always  started  prior  to  and  after  shut- 
ting down  the  generator. 

To  avoid  the  possibility  of  steam  leaking  into  the 
generator  when  the  extinguisher  is  not  in  use,  two  valves 
are  used  in  series  joined  by  a  short  nipple,  the  valve 


FIG.    2-  .\RH.\NGKMF.Nr    OF    .XPP.XRATUS    FOR    EXTINGUISHING 
KIRF.S   WITH    STEAM 

nearest  the  outlet  being  enclosed  in  a  cast  iron  box  with 
a  glass  front.  Fig.  i,  which  must  be  broken  before  the 
steam  is  admitted  to  the  generator.  A  small  hole  is 
drilled  into  the  nipple  between  the  two  valves  to  indicate 
any  leakage  through  the  first  valve. 

METHOD  OF  USING  EXTINGUISHERS 

As  the  air  for  ventilation  discharges  from  the  top 
of  the  generator,  smoke  or  sparks  can  readily  be  seen 
by  the  turbine  attendants,  who  immediately  notify  the 
switchboard  operator,  by  a  signaling  system,  that  the 
generator  is  in  distress.  Before  admitting  steam  to  the 
generator  it  is  essential  that  the  generator  be  discon- 
nected from  the  bus  bars,  the  field  cut  out  and  the 
damper  door  closed.  This  is  done  manually  by  the  op-^ 
erator,  if  no  breakdown  has  occurred,  and  automatically 
if  the  windings  have  grounded  or  short-circuited,  as  all 
generators  are  protected  by  the  unbalanced  relay  sys- 
tems. As  soon  as  the  field  is  cut  out  the  turbine  attend- 
ant breaks  the  glass  in  the  valve  box  and  turns  the 
steam  on,  leaving  it  on  for  two  minutes.  If  sparks  con- 
tinue to  come  from  the  generator,  he  repeats  the  opera- 
tion until  no  further  indications  of  fire  are  seen. 
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HISTORY  OF  FIRES 

Since  the  extinguishers  have  been  installed  they 
have  been  used  nine  times,  with  good  results,  as  only  in 
one  case  was  the  generator  out  of  service  for  more  than 
24  hours.  Five  fires  originated  at  the  support  blocks  for 
the  end  turns ;  at  which  point  dirt  accumulated  and  fire 
resulted  from  static  disturbances  in  the  generator. 

Two  fires  originated  in  the  wedges  that  hold  the 
armature  coils  in  their  slots ;  short-circuits  re- 
sulted between  laminations,  which  became  red  hot  and, 
in  turn,  burned  the  adjacent  fish  paper  insulation. 

One  fire  resulted  from  the  insulation  of  the  cables 
underneath  the  generator  breaking  down  to  ground,  and 
one  from  an  armature  coil  failing  and  developing  into  a 
short-circuit,  which  destroyed  the  insulation  of  the  ad- 
jacent coils  and  burnt  a  large  hole  in  the  stator  lamina- 
tions. As  the  laminations  had  to  be  restacked,  it  was 
necessary  to  entirely  rewind  the  generator,  since  it  was 
not  considered  good  practice  to  reinsulate  and  reshape 
the  old  coils. 

Although  the  majority  of  fires  have  been  of  a  minor 
nature,  it  is  felt  that  the  use  of  steam  prevented  them 
from  becoming  disastrous.  In  the  one  case,  where  the 
armature  coil  failed  and  destroyed  the  stator  lamina- 
tions, the  time  interval  between  the  failure  and  the  re- 
sultant damage  was  so  small  that  no  available  known 
method  could  have  saved  the  generator,  but  the  prompt 


use  of  steam  prevented  the  fire  from  spreading,  thereby, 
saving  the  field  piece  from  being  roasted.  Where  the 
cable  leads  failed  underneath  the  generator,  no  damage 
was  done  the  generator,  but  in  a  similar  case,  previous 
ic  the  installation  of  the  extinguisher,  the  flames  from 
the  short-circuited  cables  had  damaged  the  windings 
sufficiently  to  necessitate  rewinding  the  armature. 

EFFECT  OF  STEAM  CONDENSING  ON  THE  COILS  AND  LOWER- 
ING  THE    INSULATION    VALUE 

It  has  been  found  from  experience  that  the  con- 
densate from  the  steam  evaporates  quickly  under 
the  influence  of  the  heat  of  the  coils,  and  only  in  one 
case  was  it  necessary,  after  megger  readings  were 
taken,  to  dry  out  the  winding,  which  was  done  by  slowly 
rotating  the  field  for  several  hours,  without  current, 
until  the  megger  readings  were  high  enough  to  wavrant 
running  the  unit. 

CONCLUSIONS 

Steam  as  an  extinguisher  for  generator  fires,  is 
easily  adaptable  to  any  power  plant.  Once  installed, 
no  attention  need  be  given  to  the  apparatus,  except  only 
to  note  leaky  valves,  and  renew  the  glass  in  the  box  after 
a  fire.  There  are  no  obnoxious  odors  present  due  to 
chemical  extinguishers,  nor  is  drying  of  coils  necessary, 
as  after  using  water.  Fires  can  be  brought  under  con- 
trol  within   a   very    short    interval   after   being   noted. 


T.  M.  HippLE,  Manager, 

Iiulustrial  and  Railway  Motor  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Co. 


THE  METHOD  OF  RATING  electrical  apparatus 
has  passed  through  a  development  that  parallels 
very  closely  the  development  of  the  apparatus  it- 
self. The  great  expansion  in  the  use  of  electric  power 
having  occurred  within  such  a  short  term  of  years,  it  is 
(inly  natural  that  in  the  development  of  apparatus,  the 
earlier  types  were  not  thoroughly  thought  out  and  per- 
fected, and  in  some  instances  two  or  more  different 
types  of  apparatus  have  been  developed  to  perform  the 
same  class  of  work.  Perfection  of  design  and  elimina- 
tion of  superfluous  types  have  only  followed  after  the 
results  of  service  and  thorough  analysis  of  the  best  way 
to  meet  service  conditions  have  pointed  the  way. 

There  has  been  a  similar  development  in  the  method 
of  rating  motors.  In  the  early  days  there  were  no  pre- 
cedents as  to  rating  and  motors  were  built  with  a  view 
of  securing  the  greatest  possible  output.  At  first,  they 
were  rated  with  no  temperature  rise  being  given.  Then 
kter,  arbitrarily,  at  40,  50,  55  and  60  degrees  C,  the 
safe  operating  temperatures  not  having  been  deter- 
mined. In  the  early  days,  all  motors  being  for  direct- 
current  operation,  it  was  found  that,  in  the  majority  of 
cases,  commutation  was  the  limit  of  rating  and  that, 
with  the  class  of  machines  that  were  being  built  at 
that  time,  satisfactory  commutation  could  not  be  secured 
at  loads  that  produced  temperature  rises  above  about 


40  degrees  C.  The  practice  of  rating  motors  at  35  or 
40  degrees  C  with  a  two  hour  25  percent  overload, 
came  into  widespread  use.  However,  other  ratings 
were  also  used  for  similar  apparatus.  A  35  degrees 
rating  with  25  percent  continuous  overload  at  50  degrees 
rise  and  50  percent  overload  for  one  hour  at  60  de- 
grees rise  being  one  that  was  widely  used.  Also  50 
and  55  degrees  C  rise  was  established  and  generally 
used  for  motors  in  many  classes  of  service,  such  as 
cianes,  machine  tools,  compressors  and  blowers.  With 
a  situation  such  as  this,  it  was  inevitable  that  a 
demand  should  come  for  simplification  and  standardi- 
sation in  the  basis  of  rating. 

STANDARDIZATION 

There  were  at  the  time  this  standardization  was 
carried  through,  three  parties  involved.  These  were  as 
follows : — 

a— The  A.  I.  E.  E. 
b — The  Electric  Power  Club. 

c — Users  of  motors  as  represented  by  various  associa- 
tions, for  example,  the  Association  of  Iron  &  Steel  Elec- 
trical Engineers. 

A  fairly  clean  cut  division  of  responsibility  was 
established  between  these  parties.  The  A.  I.  E.  E.,  an 
engineering  organization,  had  the  duty  of  establishing 
the  limits  of  capacity,  i.e.,  they  were  to  study  the  fea- 


204 


THE   ELECTRIC  JOURNAL 


Vol.  XVII,  No.  5 


tures  involving  the  life  of  apparatus;  for  example,  the 
life  of  insulating  materials  when  subjected  to  heat, 
thereby  enabling  them  to  establish  the  maximum  tem- 
perature and  temperature  rise  at  which  it  was  safe  to 
operate  electrical  machinery. 

The  function  of  the  Electric  Power  Club  was  to 
establish  commercial  ratings  for  electrical  machinery 
based  on  the  limits  of  capacity  established  by  the 
A.  I.  E.  E.  The  Electric  Power  Club,  being  an  associa- 
tion of  manufacturers  who  have  long  been  in  touch  with 
the  requirements  of  users  of  electrical  apparatus,  neces- 
sarily took  these  requirements  into  account  and  where 
any  question  arose  on  the  part  of  an  association  re- 
presenting the  users,  committees  representing  the  two 
conferred. 

In  addition  to  the  above  bodies  operating  in  this 
country,  the  International  Electrotechnical  Commission 
was  recognized  as  being  an  interested  party  and,  while 
the  activities  of  this  Commission  were  interfered  with 
to  some  extent  during  the  war,  progress  was  made  with 
international  standards,  and  the  standards  adopted  in 
this  country  are  substantially  in  agreement  with  the 
I.  E.  C.  standards,  and  additional  meetings  of  the 
I.  E.  C.  are  now  being  held.  This  is  a  very  important 
consideration,  since  it  is  recognized  that  we  must  take  a 
greater  part  in  the  world  trade  than  before,  and  the 
provincial  and  arbitrary  bases  of  rating  formerly  used 
in  this  country  have  no  standing  abroad,  where  50  de- 
grees C  rise  is  the  standard  commercial  basis  of  ratmg 
generally  recognized. 

Without  going  into  the  history  in  detail,  the  result 
of  the  A.  I.  E.  E.  standardization,  so  far  as  it  related 
to  the  temperature  of  motors  was,  briefly:  that  105  de- 
grees C  ultimate  temperature  is  the  safe  temperature 
for  the  operation  of  windings  insulated  with  Class  "A" 
insulation,  i.e.  "cotton,  silk,  paper  and  similar  materials 
when  so  treated  or  impregnated  as  to  increase  the 
thermal  limit,  or  when  permanently  immersed  in  oil; 
also  enameled  wire."  From  105  degrees  ultimate  tem- 
perature is  established  a  temperature  rise  of  50  degrees 
measured  by  thennometer.  This  is  reached  by  a  tem- 
perature gradient  of  15  degrees  having  been  established 
as  representing  the  actual  difference  between  the  tem- 
perature inside  and  outside  of  the  winding,  thus  estab- 
lishing the  limiting  observable  temperature  by  ther- 
momenter  as  90  degrees.  A  standard  air  temperature 
for  purpose  of  rating  was  then  established  at  40  degrees, 
which  results  in  the  50  degree  limiting  observable  tem- 
perature rise. 

The  above  results  were  arrived  at  by  a  study  of 
operating  conditions  with  machines  operated  over  a 
long  period  of  years  at  known  temperature  rises  and 
examination  of  the  insulation  of  these  machines;  also,  a 
series  of  laboratory  tests  on  the  life  of  insulation  when 
subjected  to  various  temperatures.  The  field  was 
covered  very  thoroughly  and  there  can  be  no  doubt  that 
the  conclusions  reached  represent  safe  practice. 

At  the  time  the  work  of  the  A.  I.  E.  E.  was  com- 
pleted and  adopted  the  Electric  Power  Club  already  had 


standards  of  rating  for  many  classes  of  motors.  For 
the  so-called  general  purpose  motor,  the  standard  was 
40  degrees  C  rise  with  two  hour  25  percent  overload, 
when  the  motor  was  open;  50  degrees  rise  for  continu- 
ous operation,  if  the  motor  was  semi-enclosed,  and  55 
degrees  rise  for  continuous  operation  when  the  motor 
was  enclosed.  Short  time  rated  motors,  i.e.,  for  two 
hour  service  or  less,  such  as  crane  motors,  machine  tool 
motors,  and  elevator  motors,  were  rated  on  the  50  or 
55  degree  basis. 

Again  without  reviewing  the  histoiy  in  detail,  the 
result  of  the  standardization  work  of  the  Electric  Power 
Club  was  the  recognition  of  50  degrees  rise  as  a  basis 
of  rating  for  general  purpose  motors,  and  continuation 
of  the  former  standard  of  40  degrees  rise  with  25  per- 
cent, two  hour  overload  as  another  basis  of  rating  for 
these  motors,  and  establishment  of  50  degrees  rise  as 
standard  for  semi-enclosed  general  purpose  motors  and 
for  open  and  semi-enclosed  short-time  rated  motors. 

PRESENT  STATUS 

At  the  present  time,  motors  are  being  offered  com- 
mercially for  general  purpose  work  on  both  the  old  40 
degree  rise  basis  and  the  new  50  degree  basis.  It  is 
believed  by  many  that  this  is  a  transition  period  and  that 
the  time  is  not  far  distant  when  the  single-rated  50  de- 
gree motor  will  be  the  universal  standard.  The  fac- 
tors that  will  bring  this  result  are  safety  of  the  insula- 
tion at  this  temperature  rise,  more  economical  use  of 
material  and  simplicity  in  basis  of  rating.  Assuming, 
for  the  purpose  of  discussion,  that  this  is  to  be  the  case, 
it  will  be  interesting  to  consider  the  effect  of  the  50  de- 
gree basis  of  rating  on  both  design  and  application. 


The  use  of  50  degrees  rise  at  full  load  as  the  single 
temperature  basis  of  rating  permits  the  designer  to 
make  a  better  distribution  of  losses  in  the  machine, 
thereby  making  the  most  economical  use  of  materials,  a 
goal  that  represents  one  of  the  great  purposes  of  engi- 
neering. In  other  words,  it  permits  more  uniform  load- 
ing of  the  materials  used.  The  economies  effected  by 
this  equal  loading  of  the  material  not  only  result  in  con- 
servation of  materials,  but'  become  of  direct  benefit  to 
motor  buyers.  By  comparison,  in  designing  for  40  de- 
grees rise  at  full  load  and  55  degrees  at  125  percent 
load,  the  designer  must  make  concessions  in  respect  to 
the  economical  use  of  materials  due  to  the  double  basis 
of  rating. 

APPLICATION 

In  applying  motors,  consideration  must  be  given  to 
several  factors  that  involve  the  electrical  characteristics 
of  the  machine,  in  addition  to  the  temperature  rating  at 
full  load  and  rated  voltage.     These  are  as  follows : — 

a. — Momentary   Overload  Capacity — The  momen-|~ 
thry  overload  capacity  of  the  50  degree  motors  is  the 
same  as  that  of  the  40  degree  motor,  namely,  50  per- 
cent overload  momentary  in  torque,  as  defined  by  the! 
rules  of  the  Electric  Power  Club.     So  far  as  this  fac-| 
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tor  goes,  therefore,  50  and  40  degree  motors  may  be 
applied  on  the  same  basis. 

b. — Starting  Torque  of  Alternating-Current  Mo- 
tors— The  starting  torque  of  single  and  polyphase  mo- 
tors and  the  "pull-in"  torque  of  single-phase  motors  is 
the  same  for  50  degree  motors  as  for  40  degree  motors, 
as  defined  by  the  rules  of  the  Electric  Power  Club.  So 
far  as  this  element  is  concerned,  there  is  no  difference  in 
the  application  of  50  and  40  degree  motors. 

c. — Maximum  Running  Torque — The  pull-out  tor- 
que of  50  degree  motors  is  the  same  as  for  40  degree 
motors,  as  defined  by  the  rules  of  the  Electric  Power 
Club.  So  far  as  this  factor  is  concerned,  therefore, 
there  also  is  no  difference  in  the  application  of  50  and 
40  degree  motors. 

d. — Allowable  Variation  from  Rated  Voltage — The 
rules  of  the  Electric  Power  Club  provide  that  both  50 
and  40  degree  motors  shall  operate  successfully  at 
rated  load  and  frequency  with  a  voltage  not  more  than 
ten  percent  above  or  below  the  name  plate  rating. 
Thus,  there  is  no  difference  in  the  application  in  this 
respect. 

e. — Allowable  Variation  from  Rated  Frequency — 
The  rules  of  the  Electric  Power  Club  provide  that  both 
50  and  40  degree  motors  shall  operate  successfully  at 
rated  load  and  voltage  with  frequencies  not  more  than 
five  percent  above  or  below  the  name  plate  rating. 

/. — Allowable  Combined  Variation  of  Voltage  and 
Frequency — The  rules  of  the  Electric  Power  Club  pro- 
vide that  both  50  and  40  degree  motors  shall  operate 
successfully  at  rated  load  with  a  combined  variation  of 
voltage  and  frequency  of  not  more  than  ten  percent 
above  or  below  the  name  plate  rating. 

EFFECT  OF  TEMPERATURE  RATING  ON  APPLICATION 

With  regard  to  the  effect  of  the  difference  in  tem- 
perature rating  on  the  application,  it  can  readily  be  seen 
that  it  is  just  as  easy  to  select  the  correct  size  of  a  50 
degree  rated  motor  as  it  would  be  to  select  a  suitable 
^o  degree  rated  motor.  Aside  from  the  redistribution 
of  losses,  referred  to  above,  there  is  no  difference  be- 
tween the  line  of  50  degree  motors  and  the  line  of  40 
degree  motors,  except  that  each  of  the  standard  horse- 
power ratings  will,  in  general,  be  built  on  a  size  smaller 
frame  as  50  degree  motors  than  the  corresponding  40 
degree  motors.  There  are  just  as  many  motors  avail- 
able as  before,  and  in  order  to  make  an  application,  so 
that  there  will  be  the  same  margin  of  safety,  it  is  only 
necessary  to  know  as  much  about  the  load  requirements 
as  was  known  when  applying  the  40  degree  motor. 

There  are  practically  no  industrial  motor  applica- 
tions where  a  long  period  of  operation  at  full  load  is 
followed  by  a  two  hour  period  of  operation  at  25  per- 
cent overload.  The  25  percent,  two  hour  overload  rat- 
ing given  the  40  degree  rated  motor  has  become,  there- 
fore, solely  a  means  of  providing  some  margin  over  the 
actual  load  requirements.  This  margin  may  be  desired 
simply  as  a  factor  of  safety  to  insure  continuous  opera- 
tion, or  to  provide  for  possible  increase  of  load  due  to 
increased  service  requirements,  and  it  is  very  good  prac- 


tice to  allow  a  reasonable  margin.  This  margin,  how- 
ever, can  be  provided  just  as  easily  with  a  50  degree 
rated  motor  as  with  a  40  degree  rated  motor,  and  once 
the  proper  way  of  applying  50  degree  motors  is  fully 
understood,  with  a  greater  assurance  of  safety. 

Assume  an  application  requiring  a  polyphase  11 50 
r.p.m.  motor  and  with  a  known  continuous  load  require- 
ment of  19  to  20  horse-power.  It  is  desired  to  apply  a 
motor  that  will  have  a  reasonable  margin  over  the  pres- 
ent load  requirement.  A  20  horse-power  motor  on  the 
40  degree  basis  with  25  percent  two  hour  overload  is 
considered,  as  well  as  a  25  horse-power  motor  on  the 
50  degree  basis.  The  comparison  is  as  follows  (based 
on  Electric  Power  Club  guarantees  for  torques)  : — 
40  Degree  50  Degree 

Motor  Motor 

Horsepower  developed  at  40 

degrees  C.  rise  continuous.  .20  horsepower     20.75  horsepower 

minimum  up  to 
22  horsepower 
Horsepower  developed  at  50 

degrees  C.  rise  continuous..  No  guarantee        25  horsepower 
Horsepower  developed  at  55 

^  degrees  C.  for  2  hours 25  horsepower      No  guarantee 

Starting  torque,  lbs.  at  I   ft...  124  154 

Momentary    overload,     run-  | 

ning  torque,  lbs.  at  i    ft....  137  171 

Pull-out  torque,  lbs.  at  i   ft...  1S3  229 

The  weight  and  cost  of  these  two  motors  will  not 
be  materially  different.  A  study  of  the  above  tabula- 
tion shows  that  the  50  degree  motor  is  not  only  more 
liberal  in  temperature  rating  but  it  has  better  torque 
characteristics  than  the  40  degree  motor.  In  any 
given  application  this  50  degree  motor  will  actually  run 
cooler  than  the  40  degree  motor  with  which  it  is  being 
compared,  and  it  will  also  start  heavier  loads  and  have 
a  greater  capacity  for  carrying  momentaiy  overloads. 
The  comparison  between  these  two  motors  shows  the 
typical  relation  between  the  40  and  50  degree  motor. 
Selecting  the  standard  ratings  of  20  and  25  horse-power 
makes  it  easier  to  see  at  a  glance  the  relative  characteris- 
tics of  the  two  as  the  step  between  the  two  is  just  25 
percent ;  fundamentally,  however,  similar  relations  hold 
throughout  an  entire  line  of  motors.  In  most  cases, 
V  here  the  load  conditions  are  known,  a  20  hp.  50  de- 
gree motor  can  be  applied  to  do  the  same  work  as 
formerly  done  by  a  20  hp.  40  degree  motor  at  a  saving 
in  cost  and  weight,  but  where  it  is  desirable  to  provide 
considerable  margin,  the  plan  outlined  above  can  be 
followed  without  sacrifice. 

CONCLUSION 

In  view  of  the  extensive  tests  made  to  determine 
the  safety  of  50  degrees  rise  as  a  basis  of  rating,  the 
large  number  of  motors  now  operating  at  that  tempera- 
ture, and  the  way  in  which  the  motors  are  designed  to 
take  care  of  possible  variations  in  voltage  and  fre- 
quency, it  is  clear  that  there  is  no  reason  for  apprehen- 
sion as  to  such  motors  having  a  satisfactory  life  of  insu- 
lation. It  is  also  clear  that,  if  all  motors  can  be  brought 
to  this  common  basis  of  rating,  the  application  of  mo- 
tors in  the  future  will  be  a  simple  matter  and  the  appli- 
cations will  be  better  balanced  than  at  present  with  re- 
spect to  all  of  the  needed  characteristics. 
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THE  DEVELOPMENT  of  electrometallurgical 
processes  to  a  position  of  great  industrial  impor- 
tance during  the  last  decade  was  one  of  the  note- 
worthy steps  in  the  progress  of  metallurgy.  This  de- 
velopment has  been  of  utmost  importance  to  the  central 
station,  as  most  electrometallurgical  plants,  especially 
electric  furnace  processes,  use  power  from  the  central 
station.  In  1910  there  were  electrometallurgical  or  elec- 
trochemical power  loads  in  about  25  cities  in  the  United 
States  and  Canada,  but  today  such  loads  are  found  in 
over  200  cities.  Ten  years  ago  so  little  was  known  of 
the  characteristics  of  the  electric  furnace  load,  that  few 
power  companies  cared  to  have  them  on  their  lines.  To- 
day, with  an  electric  steel  furnace  in  practically  every 
manufacturing  city  in  the  country,  the  load  is  considered 
a  desirable  one.  The  wide  extension  to  so  many  com- 
munities is,  of  course,  due  mainly  to  installations  of 
electric  steel  furnaces  during  the  war.  Although  the 
number  of  steel  furnaces  installed  was  far  greater  than 
could  have  been  foreseen  ten  years  ago,  and  although 
many  were  installed  mainly  for  war  purposes,  it  does 
not  appear  that  there  has  been  an  over-development  in 
this  respect.  The  quality  of  electric  steel  has  become 
so  established  that  the  process  is  here  to  stay,  and  will 
probably  supersede  other  processes  for  the  production 
of  castings,  and  super-refining  will  be  widely  used  in 
the  Bessemer  and  open  hearth  steel  manufacture. 

Disregarding  electrochemical  processes,  electricitj' 
i?  used  in  the  metallurgy  of  the  following  metals,  either 
as  a  heating  agent  or  for  its  electrolytic  effect: — pig 
iron,  steel,  cast  iron,  the  ferro-alloys,  aluminum,  copper, 
brass,  lead,  zinc,  gold  and  silver.  Table  I  gives  data 
regarding  the  quantity  of  power  used  in  these  processes 
in  the  United  States  and  Canada  as  closely  as  can  be 
estimated  from  information  available.  There  is  a  total 
load  of  approximately  1300000  kv-a  used  in  electro- 
metallurgical processes  in  the  United  States  and  Canada, 
not  including  motor  load. 

TABLE  I— INSTALLED  POWER  CAPACITY  IN 

ELECTROMETALLURGICAL  PROCESSES  IN 

THE  UNITED  STATES  AND  CANADA 


Process                Kv-a   Load 

Process 

Kv-a   Load 

Pig  Iron 

Steel 

Ferro-alloys 

Aluminum 

Copper 

none 

fX)0  0OO 

200000 

350  000 

45000 

Brass 
Lead 
Zinc 

Gold  and  Silver 

23000 

1400 

60000 

1000 

PIG  IRON 

Although  the  electric  smelting  of  iron  ore  was  de- 
veloped simultaneously  in  the  United  States  and 
Sweden,  and  although  in  1908  Dorsey  A.  Lyon  erected 
at  Heroult,  California  the  first  electric  furnace  to  pro- 
duce pig  iron  commercially,  the  process  is  no  longer  in 
operation  in  this  country.  Pig  iron  is  being  produced 
in  the  United  States  by  electric  melting  of  scrap,  but 


not  smelting  iron  ore.  The  plant  at  Heroult  was  in- 
creased to  5000  kilowatts  capacity,  but  in  1914  produc- 
tion of  pig  iron  was  discontinued  and  the  plant  operated 
on  ferro-alloys. 

On  the  other  hand,  development  in  Sweden  and 
some  other  countries  has  been  steady.  The  furnace  de- 
veloped is  similar  to  the  shaft  furnace  installed  by  Lyon 
in  1908,  which  is  especially  adapted  for  production  of 
low  carbon  and  silicon  iron,  and  not  foundry  iron.  It 
operates  best  with  charcoal  as  a  reducing  agent,  and  in 
fact  proved  a  failure  at  Hardanger,  Norway,  in  1912 
when  operating  with  coke.  At  Notodden,  Norway,  a 
furnace  of  the  pit  type  has  been  developed,  which  oper- 
ates satisfactorily  with  coke  and  also  produces  foundry 
iron.  The  last  two  furnaces  operated  at  Heroult,  Cali- 
fornia, were  also  of  the  low  pit  type,  and  could  be  op- 
erated with  coke  and  charcoal  mixed  for  production  of 
foundry  iron. 

Electric  furnaces  for  smelting  of  iron  ore  are  now 
installed  as  shown  in  Table  II.  In  1910  there  were  two 
furnaces  of  a  total  power  input  of  3500  kilowatts. 

TABLE  11— ELECTRIC  FURNACES  SMELTING 
IRON  ORE 


Tvpe 

Xumbcr 

Size  of 

Traiislornicr 

("<iuntr\' 

ot 

of 

Units 

tapacity 

Kuriiacc 

I-  urnaccs 

Kv-a 

Kv-a 

Sweden 

Shaft 

19 

2000  to  7000 

64000 

Norway 

Pit 

3 

1200 

3600 

Norway 

Shaft 

I 

3000 

3000 

Switzerland 

Shaft 

2 

3000 

6000 

Tapan 

Shaft 

2 

3000 

6000 

Italy 

Shaft 

6 
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At  the  present  time  there  are  installed  thirty-three 
electric  pig  iron  furnaces  of  from  2000  to  7000  kv-a,  a 
total  load  of  100  600  kv-a,  having  a  production  capacity 
of  250  000  tons  of  pig  iron  per  year.  During  the  war, 
production  costs  have  favored  electric  smelting,  so  that 
electric  pig  iron  is  now  being  produced  in  Sweden  for 
five  dollars  per  ton  less  than  blast  furnace  charcoal  iron. 
This  is  in  spite  of  an  average  increase  in  power  cost 
of  from  eight  to  twelve  dollars  per  horse-power-year. 

The  electric  iron  smelting  furnace  produces  pig  iron 
with  a  power  consumption  of  from  2000  to  3000  kw-hrs. 
per  ton  of  pig  iron,  the  lower  figure  being  for  white  iron 
and  the  higher  for  grey  iron.  The  electrode  consump- 
tion varies  from  13  to  20  lb.  per  ton  of  pig  iron.  As 
the  furnace  operates  with  the  arc  buried  in  molten  slag, 
the  electrical  load  is  very  steady,  with  few  fluctuations 
except  while  tapping.  In  a  plant  designed  for  efficient 
handling  of  electrodes,  it  should  be  possible  to  attain 
an  average  load  factor  of  80  percent. 

The  Swedish  furnaces  use  three-phase,  25  or 
60  cycle  power,  with  a  secondary  transformer  range  of 
50  to  100  volts,  but  usually  operate  at  80  volts.  The 
furnace  has  six  electrodes,  with  one  of  the  three  trans- 
formers to  a  pair  of  electrodes.  The  high-tension  side 
is  connected  in  delta.  The  load  on  the  furnace  is  not 
regulated  by  raising  or  lowering  the  electrode,  as  on 
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ferro-alloy  furnaces,  but  by  voltage  control  on  the 
primary.  On  25  cycles,  the  power- factor  is  95  percent, 
but  on  60  cycle  current  it  may  be  as  low  as  80  percent. 

Electric  furnace  production  of  pig  iron  will  hardly 
develop  to  any  great  extent  in  the  United  States  along 
the  line  of  development  in  Sweden,  because  of  the  cost 
of  power,  but  the  writer  believes  that  the  time  is  com- 
ing, particularly  in  the  western  states,  when  pig  iron, 
more  specifically  cast  iron,  will  be  made  by  melting  of 
scrap  iron,  scrap  steel,  iron  ore,  coke  and  lime  in  the 
electric  furnace  to  produce  iron  for  direct  castings  or 
for  pig  iron.  During  the  war,  a  considerable  quantity 
of  low  phosphorus  pig  iron  was  made  in  Canada  and  the 
United  States  by  electric  melting  of  steel  scrap.  The 
production  late  in  1918  was  4000  tons  per  month.  Six 
plants  were  in  operation  in  Canada  and  two  in  the 
United  States.  While  it  is  not  probable  that  these 
plants  are  operating  today,  there  seems  to  be  a  future 
for  the  process,  especially  in  foundries  where  the  cost  of 
pig  iron  is  high  due  to  freight.  The  writer  knows  of 
one  city  where  the  foundries  pay  $50  per  ton  for  pig  iron 
laid  down  at  their  plants.  Iron  in  the  ladle  could  be 
made  by  the  electric  process  for  $35  per  ton. 

The  metallurgy  of  synthetic  electric  furnace  cast 
iron  was  worked  out  on  a  large  scale  by  C.  A.  Keller* 
in  France  during  the  war.  Three  plants  were  erected 
with  a  total  power  input  available  of  40  000  kv-a.  Dur- 
ing the  war  150000  tons  of  castings  were  made  with 
metal  cast  direct  from  these  electric  furnaces,  of  which 
there  were  16  of  from  1000  to  2200  kv-a  size.  The 
power  consumption  was  from  675  to  800  kw-hrs.  per 
ton  of  cast  iron,  with  an  electrode  consumption  of  15  to 
20  lb.  per  ton  of  cast  iron.  Any  grade  of  iron  desired 
can  be  produced.  All  of  the  furnaces  were  of  the  single- 
phase  type  with  two  electrodes  in  series.  The  process 
was  conducted  as  a  continuous  operation,  the  furnace 
being  kept  full  of  charge.  With  large  units,  the  load  is 
very  steady,  but  it  is  probable  that  in  the  operation  of 
small  500  kilowatt  units  there  might  be  momentary  over- 
loads. These  would  be  no  worse  than  in  a  steel  melting 
furnace.  The  power-factor  of  the  Keller  single-phase 
furnace  is  about  80  percent  on  60  cycles.  The  furnace 
i;  operated  at  50  to  70  volts. 

Another  use  of  the  electric  furnace  is  in  refining 
gray  iron  from  the  cupola.  Cupola  iron,  after  treat- 
ment in  the  basic  electric  furnace,  shows  a  marked  de- 
crease in  sulphur  and  increase  of  transverse  strength. 
At  present  the  process  appears  adaptable  only  for  the 
very  highest  grade  of  castings.  The  electric  furnace  is 
also  being  used  in  production  of  malleable  iron  castings, 
and  has  been  considered  as  a  mixer  for  keeping  molten 
blast  furnace  pig  iron  hot  before  casting  into  pipe. 


The  most  marked  increase  in  the  use  of  electricity 
ill  metallurgical  processes  during  the  past  decade  has 
been  in  the  electric  furnace  production  of  steel.     In 


1904  there  were  four  small  electric  steel  furnaces  in 
operation  in  Europe.  In  1910  there  were  sixty-seven 
furnaces  in  operation,  eleven  not  working,  and  thirty-six 
in  course  of  construction  throughout  the  world.  Of  this 
total  of  114  furnaces,  seven  were  installed  in  the  United 
States  and  Canada  with  a  total  power  input  of  5600  kv-a 
and  a  charge  capacity  of  40  tons  per  heat. 

On  January  i,  1920*,  there  were  installed  or  under 
construction  in  the  United  States  and  Canada  363  fur- 
naces with  a  total  charge  capacity  per  heat  of  about 
1600  tons  and  a  power  input  of  about  600  000  kv-a.  Of 
the  363  furnaces,  323  were  installed  in  the  United 
States  and  40  in  Canada.  The  number  of  electric  steel 
furnaces  in  the  world  is  estimated  at  875. 

The  production  of  electric  furnace  steel  in  the 
United  States  in  191 7  was  304  543  gross  tons.  Probably 
1918  and  1919  will  show  a  production  of  over  400000 
gross  tons  for  each  year.  Almost  50  percent  of  the 
1917  production  was  alloy  steel.  Of  the  323  furnaces 
in  the  United  States,  54.5  percent  are  being  used  for 
making  castings. 

The  most  marked  development  of  the  electric  steel 
furnace  has  been  in  the  production  of  ingot  alloy  steels 
for  automobile  construction  and  high  speed  steel.  The 
electric  furnace  operating  with  a  basic  lining  produces 
tons  of  high  grade  alloy  steels  per  heat  as  compared 
with  the  crucible  furnace  producing  pounds.  Lower 
grade  raw  materials  can  be  used,  because  of  the  refin- 
ing to  remove  phosphorus  and  sulphur  which  can  be 
readily  performed  in  the  electric  furnace.  The  elec- 
tric furnace  has  proven  particularly  successful  in  the 
production  of  alloy  ingots,  such  as  chrome-vanadium 
steel,  turning  out  a  product  better  in  quality  than  similar 
open  hearth  steel  with  a  much  lower  loss  of  alloys  by 
oxidation.  For  the  production  of  high-speed  steel  in 
large  heats  the  electric  furnace  proved  well  adapted 
during  the  war,  it  being  common  practice  to  pour  five 
ton  heats  of  steel  valued  at  three  to  five  dollars  per 
pound.  However,  the  substitution  of  the  electric  fur- 
nace for  the  crucible  furnace  will  be  very  gradual,  be- 
cause it  is  not  yet  demonstrated  that  average  electric 
high-speed  steel  is  quite  equal  in  quality  to  the  highest 
grades  of  crucible  high-speed  steel.  To  meet  the  grade 
of  the  highest  quality  crucible  steels,  the  electric  furnace 
product  must  be  made  from  the  most  pure  raw  materials 
available,  and  even  then,  considering  electric  steel 
versus  crucible  steel  from  condition  existing  in  each 
case,  it  does  not  seem  possible  that  melting  conditions 
can  be  as  closely  controlled  in  the  electric  furnace  as  in 
the  crucible. 

A  future  probable  large  development,  in  electric 
steel,  is  the  use  of  the  furnace  for  finishing  molten  con- 
verter and  open  hearth  steel.  The  Illinois  Steel  Com- 
pany has  installed  ten  30  ton  electric  furnaces  to  treat 
steel  which  has  been  first  blown  in  the  Bessemer  conver- 
ter, then  held  in  the  open  hearth,  for  eventual  transfer- 
ence to  the  electric  furnace.     This  process  was  used  to 
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a  small  extent  in  the  early  days  of  electric  furnace  steel 
production  in  this  country,  and  a  few  years  will  prob- 
ably see  its  general  adoption. 

From  the  viewpoint  of  the  central  station  the  most 
important  phase  of  electric  steel  development  is  in  the 
electric  furnace  production  of  steel  castings.  Except 
for  manufacturers  of  high-speed  steel,  most  companies 
producing  alloy  steels  generate  their  own  power  and 
do  not  buy  from  the  central  station.  This  is  especially 
true  in  large  plants  using  the  duplex  process  for  refining 
molten  steel.  On  the  other  hand,  practically  all 
foundries  buy  their  power.  Electric  steel  castings  can 
now  be  made  much  cheaper  than  converter  castings, 
and  at  as  low  a  cost  as  open  hearth  castings.  The  grade 
of  the  castings  is  better  than  the  product  of  either  of 
the  other  methods. 

A  great  advantage  of  the  electric  furnace  over  the 
open  hearth  is  the  rapidity  with  which  heats  are  made, 
so  that  it  does  not  require  handling  of  large  quantities 
of  metal  as  in  the  case  of  the  open  hearth.  Within  a 
few  years  the  electric  furnace  will  probably  replace  all 
other  processes  for  making  steel  castings,  and  most  cast- 
ings will  be  produced  without  refining,  by  melting  scrap 
on  an  acid  bottom. 

As  a  central  station  load,  the  electric  steel  furnace 
gives  the  least  desirable  load  of  any  of  the  uses  of  elec- 
tricity mentioned  in  this  paper.  This  fact  does  not 
make  it  an  undesirable  load,  however.  In  fact,  it  is  a 
very  desirable  load,  although  its  load  factor  is  low  com- 
pared with  that  obtained  in  some  other  electrometal- 
lurgical  processes.  This  is  because  most  foundries  op- 
erate on  a  ten  hour  day  instead  of  a  twenty-four  hour 
day.  On  a  ten  hour  day  operation,  a  load  factor  of 
i8  to  30  percent  is  obtained.  On  a  twenty- four  hour 
day  the  load  factor  will  vary  from  40  to  55  percent 
when  making  castings.  This  low  load  factor,  as  com- 
pared with  other  electrometallurgical  industries,  is 
caused  by  time  lost  in  charging  and  pouring  when  the 
power  is  off.  Due  to  greater  length  of  time  between 
pouring,  a  furnace  producing  ingots  on  a  basic  bottom 
with  refining  should  have  a  higher  load  factor  than  those 
mentioned,  but  this  is  offset  by  the  present  common 
practice  of  running  with  about  half  or  one-third  load 
during  the  refining  period  at  the  end  of  a  heat.  A  fur- 
nace refining  molten  steel  instead  of  melting  cold  scrap 
should  attain  a  load  factor  of  75  percent  on  twenty-four 
hour  operation. 

The  power  consumption  varies  from  550  kw-hrs. 
per  ton  when  melting  scrap  on  an  acid  bottom  for  cast- 
ings, to  800  kw-hrs.  per  ton  when  making  alloy  steel 
ingots  requiring  refining.  The  voltage  on  the  only  tjq^e 
of  single-phase  furnace  now  used  is  about  140  volts  on 
the  arc,  220  volts  open  circuit.  On  two  and  three- 
phase  furnaces,  the  voltage  is  from  90  to  no  volts. 
The  power-factor  of  the  single-phase  furnace  mentioned 
varies  from  50  to  70  percent.  The  two  and  three-phase 
furnaces  have  power-factors  of  from  85  to  95  percent. 
The  electrode  consumption  is  15  to  25  pounds  per  ton 
of  steel. 


During  recent  years,  the  tendency  in  electric  steel 
furnace  construction  has  been  to  increase  the  power  in- 
put per  ton;  to  use  three-phase  current  and  automatic 
regulators;  not  to  have  large  reactances  in  the  primary 
circuit;  and  not  to  build  furnaces  with  a  bottom  elec- 
trical connection,  at  least  a  connection  carrying  all  of 
the  load.  In  fact,  now  that  the  basic  Heroult  patents 
have  expired,  most  new  types  of  furnaces  appear  to 
be  the  original  Heroult  furnace  embellished  and 
camouflaged.  The  power  input  per  ton  of  charge  has 
been  increased  from  170  kw  in  the  early  furnaces  to 
500  kw  in  the  most  recent  steel  casting  furnaces.  One 
furnace  has  been  built  with  electrical  connections  so 
that  the  secondary  voltage  may  be  reduced  one-half 
during  refining.  The  use  of  three-phase  current  has 
become  almost  standard,  either  as  three-phase  current 
ir.  the  furnace  or  three-phase  converted  to  two-phase. 
Few  single-phase  furnaces  are  being  built.  The  single- 
phase  furnace  with  a  bottom  contact,  however,  blazed 
the  way  for  rapid  melting  of  scrap  for  steel  castings 
on  an  acid  bottom. 

The  use  of  heavy  reactance  in  the  circuit  is  being 
discarded,  and  furnaces  are  generally  operated  with  a 
moderate  reactance  and  automatic  regulators.  Common 
reactances  are  7  to  15  percent  in  the  transformer.  The 
bottom  contact,  as  used  for  carrying  all  of  the  current, 
has  apparently  gone  out  of  use  with  the  abandonment  of 
single-phase  furnaces,  although  it  is  still  used  for  put- 
ting a  small  part  of  the  current  through  the  bottoms  of 
.some  two-phase  and  three-phase  furnaces. 

The  central  station  can  better  the  load  factor  of 
the  electric  foundry  furnace  by  making  it  an  object  for 
the  customer  to  operate  his  furnace  24  hours  per  day, 
through  the  decreased  cost  per  kw-hr.  he  obtains.  Of 
course,  this  depends  on  the  peaks  in  the  power  com- 
pany's industrial  and  lighting  load,  but  there  is  at  pres- 
ent a  tendency  to  install  small  furnaces  for  24  hour  op- 
eration rather  than  large  furnaces  for  ten  hour  opera- 
tion, and  it  is  to  the  advantage  of  both  parties  that  this 
tendency  be  encouraged.  The  furnace  with  a 
moderately  high  power-factor,  85  percent,  has  proven 
to  be  a  better  load  than  the  furnace  with  a  very  high 
power- factor,  95  percent,  because  it  is  not  so  sensitive 
to  short-circuits  in  the  furnace,  and  at  the  same  time 
there  is  enough  reactance  present  to  render  electrode 
regulation  easy  with  regulators.  The  use  of  furnaces 
with  heavy  reactances  and  hand  regulation  of  electrodes 
should  be  discouraged,  as  the  heavy  reactance  is  not 
necessary,  if  regulators  are  installed. 

Electric  furnaces  of  the  carbon  resistance  type  have 
been  installed  in  considerable  number  for  the  heat  treat- 
ment of  forgings  and  castings.  The  furnaces  are  in- 
geniously designed  with  a  very  complete  automatic  con- 
trol of  temperature,  and  control  movement  through  the 
furnace  of  the  piece  being  treated.  The  heating  element 
is  a  resistor  of  granular  carbon  confined  in  carborundum 
fire  sand  troughs,  which  results  in  a  uniform  load  with- 
out surges,  and  a  power-factor  of  98  percent  or  better. 
The  load  on  the  furnace  is  controlled  bv  variation  of 
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secondary  voltage  with  taps  on  the  secondary  of  a  spe- 
cial type  of  transformer.  The  electric  heat  treatment 
of  steel  is  certain  to  become  common  practice  even  at  a 
higher  cost  because  of  the  ease  of  control  and  uni- 
formity of  the  results  obtained.  Single-phase  furnaces 
of  900  kilowatts  power  input  have  been  installed  alone, 
or  with  two  or  three  connected  in  balance  on  a  three- 
phase  circuit  and  operated  successfully.  A  further  ad- 
vance is  the  adaptation  of  this  type  of  electric  furnace 
to  the  soaking  pit  for  large  steel  ingots  and  billet  re- 
heating furnaces. 

Another  type  of  electric  heating  treating  furnace 
was  developed  during  the  war,  in  which  the  heating  unit 
consists  of  a  calorite  ribbon  mounted  on  a  cast  iron  sup- 
porting plate  and  insulated  therefrom  by  suitable  refrac- 
tory material.  The  furnaces  are  of  the  cylindrical, 
vertical  type  and  take  three-phase,  440  volt  current. 
Units  of  400  kilowatts  capacity  have  been  built.  The 
current  is  automatically  thrown  off  and  on  as  the  tem- 
perature rises  above  or  falls  below  the  desired  point. 
These  furnaces  were  designed  for  the  heat  treating  of 
gun  barrels,  but  can  readily  be  adapted  for  the  industrial 
uses  of  the  future. 


FERKO-ALLOYS 

The  war  demand  brought  the  electric  furnace 
ferro-alloy  capacity  to  a  point  which,  with  the  arrival 
of  a  more  normal  peace  demand  for  ferro-alloys,  puts 
the  industry  in  much  the  same  condition  as  existed  in 
the  European  calcium  carbide  industry  in  1899,  when 
over-production  and  patent  litigation  compelled  most 
plants  to  look  for  new  products,  which  strangely 
proved  to  be  ferro-alloys.  The  increase  in  installed 
furnace  transformer  capacity  for  ferro-alloys  produc- 
tion was  enormous  from  1915  to  1918.  In  1910  there 
were  only  two  plants  in  the  United  States  and  Canada 
which  produced  ferro-alloys  in  the  electric  furnace. 
They  had  a  total  transformer  capacity  of  possibly 
20000  kv-a.  On  January  i,  1920,  there  were  forty 
plants  with  a  combined  transformer  capacity  of  200-000 
kv-a.  At  the  date  of  writing,  prob- 
ably 75  percent  of  these  plants  are 
not  operating.  Many  of  them  are  in 
the  hands  of  a  receiver  and  will 
eventually  be  dismantled.  Probably 
not  over  half  a  dozen  of  the  plants 
erected  during  the  war,  for  war  pur- 
poses, paid  back  their  plant  invest- 
ment before  the  armistice.  Com- 
panies which  were  organized  v/ith 
sufficient  operating  capital  will 
doubdess,  with  proper  management,  return  the  in- 
vestment in  time.  It  will  be  slow,  because  the  market 
has  been  dead  for  all  alloys,  except  ferrovanadium,  un- 
til two  months  ago,  when  the  price  of  ferromanganese 
began  to  advance  from  as  low  as  $100  per  ton  until 
now  it  has  reached  the  war  price  of  $250  per  ton.  This 
is  due  to  failure  of  imports  of  ore.  Between  the  buyers 
and  the  government  war  minerals  policy,  the  domestic 
ore  producers  got  such  a  shaking  down  after  the  armis- 


tice that  it  will  be  a  long  time  before  there  will  be  any 
quantity  of  domestic  ore  produced,  except  by  ferro- 
manganese manufacturers  operating  their  own  mining 
properties. 

With  the  enormous  increase  in  plant  capacity,  the 
United  States  easily  led  the  world  in  production  of 
ferro-alloys  when  the  armistice  was  signed.  The  plant 
capacity  of  ferrosilicon  had  increased  from  10  000  or 
15  000  tons  per  year  to  100  000  tons  per  year.  Instead 
of  importing  ferrotungsten  and  ferrochrome,  large 
quantities  were  exported.  Ferrovanadium,  which  had 
always  been  exported,  was  shipped  abroad  in  larger 
quantities  than  ever.  But  the  two  most  important  de- 
velopments have  been  the  electric  smelting  of  man- 
ganese ores  and  the  increased  use  of  molybdenum  in 
steel. 

In  1914  there  were  no  electric  smelting  plants  built 
mainly  for  production  of  ferromanganese.  Two  plants 
at  Niagara  Falls  made  it  electrically  at  irregular  in- 
tervals, presumably  to  keep  their  furnaces  in  operation 
when  the  market  for  other  alloys  was  dull.  On  Armis- 
tice Day  there  were  ten  plants  of  total  transformer  ca- 
pacity of  55  000  kv-a,  and  production  capacity  of  about 
80000  tons  per  year.  At  the  close  of  1918  about  15 
percent  of  the  ferromanganese  production  of  the  United 
States  was  being  made  in  electric  furnaces.  With  two 
exceptions  these  plants  are  now  out  of  operation,  the 
two  largest  having  resumed  work  when  the  price  of 
ferromanganese  advanced  several  months  ago. 

Through  the  interest  of  one  of  the  largest  smelt- 
ing companies  in  the  world  in  a  Colorado  molybdenite 
deposit,  which  is  probably  the  most  extensive  known 
deposit  of  molybdenite,  large  scale  investigation  of  the 
use  of  molybdenum  in  steel  has  resulted.  This  work 
shows  that  the  addition  of  small  quantities  of  molybde- 
num to  chrome,  nickel,  chromenickel  or  chrome-vana- 
dium steel,  results  in  a  steel  of  greater  strength  and 
toughness,  which  is  easily  forged,  easily  heat  treated  and 
easily  machined.     Probably  300  tons  of  ferromolybde- 
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num  were  produced  in  1918  as  compared  with  less  than 
25  tons  in  previous  years.  There  was  a  very  small  pro- 
duction in  1919.  Some  electrical  characteristics  of 
electric  ferro-alloy  furnaces  are  given  in  Table  III. 

Practically  all  ferrosilicon  furnaces  are  now  in- 
stalled in  three-phase  units.  If  it  is  desirable  to  install 
units  of  less  than  1500  kv-a  capacity,  a  single-phase  fur- 
nace with  two  vertical  electrodes  in  series  is  usually 
built.     There    is    at    least    one    plant    in    this    country 
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equipped  with  single-phase  furnaces  of  this  type.  The 
ferromanganese  furnace  gives  about  the  smoothest  and 
most  easily  controlled  load  of  any  of  the  ferro-alloy  fur- 
naces. 

Ferrochrome  is  made  in  both  single-phase  furnaces 
and  three-phase  furnaces.  Before  the  war  some  engi- 
neers from  the  largest  point  of  ferro-alloy  production, 
Niagara  Falls,  claimed  that  ferro-chrome  could  not  be 
made  in  a  furnace  of  over  looo  kw  capacity.  This  was 
proven  to  be  a  fallacy  by  the  recent  installation  of  a 
1500  kw  furnace  in  Denver  which  operates  more  satis- 
factorily than  a  smaller  furnace  at  the  same  point. 

Ferrotungsten  is  almost  universally  made  in  the 
single-phase  furnace  of  the  Siemens  type  with  the 
bottom  forming  one  electrode.  The  metal  is  allowed  to 
build  up  in  the  furnace  and  the  furnace  torn  down  to 
remove  it.  This  results  in  a  considerably  more 
irregular  load  curve  than  with  the  larger  tapping  fur- 
naces. One  plant,  now  dismantled,  successfully  made 
ferrotungsten  in  a  three-phase  furnace. 

The  characteristics  of  ferromolybdenum  operation 
are  much  the  same  as  for  ferrotungsten,  except  that 
when  the  55  percent  molybdenum  alloy  is  being  made,  it 
can  be  produced  in  a  tapping  furnace  instead  of  a 
knockdown  furnace.  Electric  furnace  ferrovanadium 
is  usually  produced  in  a  single-phase  furnace,  either  of 
the  Siemens  type  or  series  type.  Ferro-uranium  is 
made  in  small  furnaces  of  the  Siemens  type.  Due  to 
absence  of  slag  in  the  operation,  the  load  is  verv  ir- 
regular, and  considerable  reactance  is  visually  used  in 
the  circuit,  especially  if  automatic  regulators  are  not 
used.  The  load  characteristics  of  a  ferrotitanium  fur- 
nace are  somewhat  similar  to  those  of  ferro-uranium. 

In  commercial  production  of  these  ferro-alloys, 
ferrosilicon,  ferromanganese  and  ferrochromium  can  be 
made  in  three-phase  furnaces  as  readily  as  in  single- 
phase  furnaces,  and  there  is  no  reason  for  permitting  in- 
stallation of  single-phase  furnaces  for  their  production. 
Ferrotungsten,  ferro-molybdenum,  ferrovanadium, 
ferro-uranium  and  ferrotitanium  must  be  made  in 
single-phase  furnaces.  At  least  the  operation  is  much 
more  apt  to  succeed  in  a  business  way.  For  this  reason, 
a  power  company  should  not  object  to  installation  of 
single-phase  furnaces  by  a  company  desiring  to  make 
these  alloys.  It  may  be  noted  that  the  line  of  division 
in  these  alloys  is  between  metals  of  a  low  melting  point 
and  metals  of  a  high  melting  point.  Silicon,  man- 
ganese, and  chromium  have  comparatively  low  melting 
points  when  electric  furnace  temperatures  are  con- 
sidered, while  the  melting  point  of  tungsten,  molybde- 
num, vanadium,  uranium  and  titanium  is  high. 

There  appears  to  be  no  reason  for  the  installation 
of  heavy  external  reactances  for  the  production  of  any 
ferro-alloys,  except  possibly  ferrotitanium  and  ferro- 
uranium.  For  these  alloys,  either  regulators  or  react- 
ances are  probably  necessar}'.  In  the  operation  of 
plants  without  regulators  and  with  regulators,  on  the 
same  ferro-alloys,  in  the  same  size  furnaces,  no  marked 
difference  in  the  straightness  of  the  load  curve  is  notice- 


able. The  regulator  saves  the  time  of  one  man  on 
three  furnaces  or  three  electrodes  when  hand  control  is 
used.  A  good  man  will  get  as  good  a  load  curve  as  a 
good  automatic  regulator  but,  of  course,  the  regulator 
eliminates  the  human  element. 

Recently  the  writer  put  in  operation  a  ferro-alloy 
plant  with  the  understanding  that  the  primary  circuit 
was  4500  volts.  Furnace  transformers  were  installed 
with  a  ratio  of  4500/75.  During  the  twenty-four  hours, 
the  secondary  furnace  voltage  varied  from  72  to  85 
volts,  depending  on  whether  the  industrial  load  of  the 
town  was  on  or  off.  This  results  in  two  things^ — it  ran 
up  the  demand  charge  because  the  furnace  would  run 
at  the  same  amperage  with  higher  voltage  unless 
watched  continuously,  and  means  the  production  of  a 
poorer  grade  of  metal  when  running  a  knockdown  fur- 
nace, as  the  button  will  not  be  so  compact  with  high 
voltage.  The  difficulty  was  not  caused  by  anything  in 
the  furnace  transformer,  which  had  a  reactance  of  seven 
percent,  as  the  same  ratio  of  variation  was  shown  on  the 
no  volt  lighting  circuit.  In  another  case  a  large  fur- 
nace was  installed  on  a  power  line  which  the  power 
company  claimed  was  more  than  heavy  enough.  It  re- 
sulted in  a  line  drop  of  25  percent,  which  made  the  fur- 
nace voltage  so  low  that  enough  power  could  not  be 
gotten  into  the  furnace  to  keep  it  hot.  Ferro-alloy  fur- 
naces are  run  on  certain  voltages  because  practice  has 
proven  these  voltages  to  be  the  best.  Of  course,  in  3000 
to  4000  kilowatt  furnaces  it  is  sometimes  necessary  to 
raise  the  voltage  above  the  desired  limit  for  good  metal- 
lurgical practice,  in  order  to  get  power  into  the  furnace. 

The  electric  smelting  load,  at  the  present  time  ex- 
emplified by  ferro-alloy  furnaces,  is  probably  one  of  the 
best  loads  a  power  company  can  get,  and  in  the  future 
may  prove  a  much  larger  load  with  application  of  elec- 
tricity to  smelting  of  non-ferrous  ores. 

ALUMINUM 

Since  the  separate  discoveries  by  Hall  and  Heroult 
in  1886,  that  aluminum  could  be  produced  by  electrolysis 
of  alumina  with  a  fluride  electrolyte,  the  yearly  produc- 
tion of  aluminum  has  increased  to  a  world  output  of 
489000000  pounds*  in  1918.  Aluminum  is  now  fourth 
in  quantity  production  of  non-ferrous  metals,  being  sur- 
passed only  by  copper,  zinc  and  lead  in  the  order 
named.  It  will  probably  pass  lead  and  zinc  within 
twenty  years.  In  variety  of  uses  it  is  only  surpassed  by 
iron  and  copper.  All  aluminum  is  produced  in  a  di- 
rect-current, electrolytic  cell  with  a  molten  electrolyte, 
usually  heated  by  the  passage  of  the  current.  The 
world  output  of  1918  required  about  700000  kv-a,  and 
the  estimated  installed  power  capacity  being  used  for 
aluminum  in  the  United  States  at  the  present  time  is 
350000  kv-a.  The  production  of  the  United  States  in 
1918  was  225000000  pounds.  France  was  the  next 
largest  producer  with  a  production  of  48400000 
pounds.  In  1910  the  production  of  the  United  States 
was  only  12  000  000  pounds  and  the  installed  power  ca- 
pacity about  75  000  kv-a. 

*T.  \V.  Richard?,  The  Mineral  Industry,  1918. 
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The  practical  metallurgy  of  aluminum,  as  practiced 
in  the  United  States,  has  been  kept  as  secret  as  possible. 
In  one  of  the  most  recently  constructed  plants  the  fur- 
naces or  cells  take  20000  amperes  of  direct  current  at 
seven  volts.  Seventy  of  these  furnaces  are  connected  in 
series  on  a  500  volt,  direct-current  line.  Power  is 
supplied  to  the  battery  by  a  10  000  kilowatt,  direct-cur- 
rent generator  direct  driven  by  a  water  wheel.  In  most 
European  plants,  the  direct  connection  of  the  water 
wheel  to  the  direct-current  generator  has  been  common 
practice,  because  the  aluminum  plants  were  generally 
built  at  the  power  site.  This  practice  has  not  been 
common  in  this  country  because  the  power  source  has 
usually  been  the  high-tension  line  of  a  central  station. 
The  power  consumption  is  about  15  kw-hrs.  per  pound 
of  aluminum.     The  load  is  ideal   for  a  central  station. 

In  addition  to  the  use  of  electricity  in  the  produc- 
tion of  aluminum,  it  is  also  used  for  melting  aluminum 
in  furnaces  of  the  resistance  type.  A  carbon  resistor 
furnace  of  500  kw  capacity  has  been  put  on  the  market 
for  this  purpose. 

COPPER 

Since  1883,  electricity  has  been  used  in  this  coun- 
try to  refine  copper.  There  are  nine  electrolytic  copper 
refineries  in  the  United  States.  Direct  current  is 
supplied  from  motor-generator  sets  or  converters.  In 
electrolytic  copper  refining,  pure  copper  is  produced 
from  blister  copper,  by  suspending  the  blister  copper  as 
an  anode  in  a  solution  of  CuSO^  acidulated  with  H^SO^, 
the  current  depositing  pure  copper  on  a  copper  cathode, 
the  impurities  forming  an  anode  mud.  The  electrolytic 
copper  refining  capacity  of  the  United  States  is 
1  394  000  tons  per  year,  requiring  about  45  000  kv-a. 
Power  is  generally  supplied  at  145  to  220  volts,  and  the 
cells  are  usually  connected  in  multiple.  The  greater 
part  of  the  electrolytic  copper  refining  capacity  of  the 
United  States  is  located  on  New  York  harbor,  and 
power  is  generated  by  steam  in  the  power  plant  of  the 
refinery.  Seven  to  eleven  pounds  of  copper  are  de- 
posited per  kw-hr. 

The  electrolytic  deposition  of  copper  from  leaching 
plant  solution  is  in  practice  on  a  large  scale  at  Ajo, 
Arizona.  The  power  installation  is  15000  kv-a,  of 
V/hich  only  one-half  is  required  to  operate  the  plant.  As 
high  as  2.5  pounds  of  copper  have  been  deposited  per 
kvv-hr. 

An  increasing  quantity  of  electricity  is  being  con- 
sumed in  the  large  copper  smelting  plants  for  removing 
dust  from  smelter  smoke.  A  new  Cottrell  smoke  treat- 
ment plant  has  been  completed  at  Anaconda,  which  uses 
approximately  1000  kw.  This  use  of  power  will  be  in- 
creasing until  almost  every  smelting  plant  is  equipped. 
The  process  is  also  being  used  on  manganese  furnaces 
and  lead  furnaces. 

There  has  been  a  remarkable  growth  of  the  use 
of  the  electric  furnace  for  melting  brass  and  non-ferrous 
metals.     From  one  silver  melting  furnace  of  the  car- 


bon resistor  type  in  1914,  the  number  had  grown  to  261* 
on  March  i,  1920.  Of  these  furnaces,  61  are  carbon 
resistor  furnaces,  118  are  induction  furnaces,  and  82 
are  arc  furnaces  of  various  types.  Furnaces  are  be- 
ing used  to  melt  brass  castings,  wrought  brass,  bronze, 
copper  and  nickel.  The  total  estimated  installed  trans- 
former capacity  is  23  000  kv-a,  of  which  one-third  is 
for  carbon  resistor  furnaces,  one-half  for  arc  furnaces, 
and  the  balance  for  induction  furnaces.  The  carbon  re- 
sistor furnaces  operate  at  98  percent  power-factor,  giv- 
ing a  very  steady  load.  The  most  common  size  has  105 
kv-a  transformer  capacity.  The  induction  furnaces  are 
built  in  the  smallest  units  of  any  of  these  furnaces,  tak- 
ing 30  to  60  kw  load  with  a  power-factor  of  70  to  85 
percent.  The  indirect  rotating  arc  furnace  operates  at 
80  to  90  percent  power-factor,  and  is  built  in  sizes  up 
to  300  kv-a.  Depending  on  the  kind  of  brass  being 
melted,  the  power  consumption  varies  from  250  to  400 
kw-hrs.  per  ton. 

The  electric  brass  furnace  is  rapidly  becoming  an 
important  load  for  the  central  station.  Except  for  the 
single-phase  feature  it  makes  a  good  load  for  a  power 
company.  It  is  built  in  such  small  units  that  the  fact 
it  is  single-phase  should  not  prove  seriously  objection- 
r.ble. 

LEAD 

Electricity  is  used  for  the  refining  of  lead  bullion 
by  the  Betts  process  at  Trail,  British  Columbia,  East 
Chicago,  Indiana,  Omaha,  Nebraska,  and  New  Castle  on 
Tyne,  England.  The  general  layout  of  a  plant  is  similar 
to  that  of  an  electrolytic  copper  refinery.  Cast  anodes 
of  lead  bullion  and  lead  cathodes  of  electrolytic  lead 
connected  in  multiple  are  suspended  from  copper  bars 
across  a  rectangular  tank  in  which  there  is  an  electrolyte 
containing  lead  fluosilicate  and  free  hydrofluosilic  acid. 
The  current  enters  the  anode,  passes  through  the  elec- 
trolyte to  the  cathode,  dissolves  lead  from  the  anode  and 
deposits  it  on  the  cathode.  The  impurities  form  anode 
mud  or  slime,  which  is  refined  to  recover  metals  of 
value.  The  electrolytic  lead  refining  capacity  of  the 
United  States  and  Canada  is  about  90000  tons  of  lead 
per  year.  The  installed  power  capacity  is  about  1400 
kv-a.  Fifteen  pounds  of  lead  are  deposited  per  kw- 
hr.  Power  is  generally  supplied  at  90  to  115  volts,  and 
the  cells  connected  in  various  arrangements. 

ZINC 

The  commercial  application  of  electrolytic  precipi- 
tation of  zinc  from  sulphate  solution  in  the  hydrometal- 
lurgy  of  zinc  is  less  than  five  years  old.  The  first  re- 
corded production  in  the  United  States  was  10  963  tons 
in  1916,  which  in  1918  had  increased  to  38885  tons. 
The  electrolytic  zinc  production  of  1918  was  7.3  percent 
of  the  total  production  of  the  United  States.  At  the 
present  time  there  are  four  commercial  plants  for  pro- 
duction of  electrolytic  zinc  in  the  United  States  and  one 
in  Canada,  with  a  total  production  capacity  of  about  300 


*E.  F.  Cone,  The  Iron  Age,  Mar.  4,  1020,  p.  655. 
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tons  of  zinc  per  day.  One  plant  has  been  built  in  Aus- 
tralia and  two  in  Tasmania. 

The  secret  of  successful  electrolytic  precipitation  is 
to  precipitate  the  zinc  from  a  pure  electrolyte.  Sheet 
lead  anodes  and  sheet  aluminum  cathodes  are  used. 
The  zinc  is  stripped  from  the  aluminum  cathode  and 
melted  for  casting  into  ingots.  The  power  consumption 
in  one  plant  is  as  low  as  1.7  kw-hrs.  per  pound  of  zinc 
precipitated.  In  others  it  is  as  high  as  2.5  kw-hrs.  per 
pound  of  zinc.  In  one  plant  three-phase  current  is  de- 
livered at  44000  volts,  transformed  to  2300  volts,  and 
converted  to  250  volt  direct  current  by  synchronous 
motor-generator  sets.  Sixty  cells  are  connected  in 
series,  with  the  voltage  per  cell  3.5  volts.  The  installed 
transformer  capacity  of  electrolytic  zinc  plants  in  the 
United  States  and  Canada  is  about  60000  kv-a. 

A  large  1000  kw  melting  furnace  of  the  carbon  re- 
sistor type  was  put  in  operation  in  1919  for  melting  the 
zinc  cathode  of  an  electrolytic  zinc  plant.  In  the  first 
v/eeks  of  operation  the  furnace  melted  zinc  with  a  power 
consumption  of  70  to  80  kw-hrs.  per  ton  of  metal 
charged  and  a  metal  loss  in  dross  of  0.024  percent. 

Although  there  has  been  considerable  experiment- 
ing in  the  United  States  and  Canada  during  the  past  ten 
years  on  electric  smelting  of  zinc  ores,  nothing  has  been 
done  in  commercial  production.  Electric  smelting  of 
zinc  ore  and  dross  has  been  practiced  commercially  in 
Sweden  since  1901.  Two  plants  are  in  operation  in 
that  country  of  a  total  transformer  capacity  of  15000 
kv-a.  A  large  part  of  this  capacity  has  been  used  for 
smelting  dross.  When  smelting  ore  the  main  difficulty 
has  been  in  production  of  blue  powder  instead  of  zinc. 
Single-phase  furnaces  of  350  to  750  kv-a  size  are  used. 
Although  the  blue  powder  difficulty  appeared  practically 
solved  by  experimenters  in  the  United  States  several 
years  ago,  nothing  commercial  has  resulted. 

The  use  of  electricity  in  metallurgical  processes  for 
treatment  of  ores  is  certain  to  increase  slowly.  The  op- 
eration of  the  Anaconda  plant  has  shown  that  zinc  can 
be  produced  electrolytically  at  a  profit  with  zinc  at  its 
normal  price.  Electrolytic  plants  will  probably  prove 
most  successful  in  large  units,  and  the  growth  will  be 
toward  a  few  large  installations  rather  than  a  few  small 
ones.  All  of  the  plants  erected  to  date  use  central  sta- 
tion power.  These  plants  give  an  excellent  load  of  high 
load  factor  and  high  power-factor. 

GOLD  AND  SILVER 

Electrolytic  refining  of  gold  and  silver  bullion  has 
been  practiced  for  a  number  of  years  in  the  United 
States  mints  at  Philadelphia,  Denver  and  San  Francisco, 
and  the  New  York  assay  office.  It  is  also  used  in  the 
refinery  of  one  Perth  Amboy  smelting  plant.  In  silver 
refining,  an  electrolyte  of  silver  nitrate  solution  is  used. 
In  gold  refining  the  electrolyte  is  a  trichloride  solution 
of  gold.  The  power  involved  in  these  installations  does 
not  exceed  500  kilowatts. 

Several  electric  melting  furnaces  were  installed  in 
United  States  mints  during  the  war,  which  proved  suc- 


cessful for  melting  silver  dollars,  nickel  and  copper. 

FUTURE  DEVELOPMENT 

Increased  load  of  central  stations  from  metal- 
lurgical processes  depends  on  several  factors:  / — cost 
of  power ;  2 — location  and  freight  rates ;  5 — the  price  of 
coal  and  oil  now  used  as  fuels  in  metallurgical  processes; 
4 — industrial  demand  for  the  highest  grade  metals  and 
alloys.  In  melting  steel  and  non-ferrous  metals  and 
electrolytic  refining  of  metals,  a  power  cost  of  one  cent 
per  kw-hr.  is  reasonable,  but  a  smelting  process  or  elec- 
trolytic reduction  process,  except  when  producing  the 
higher  priced  ferro-alloys,  such  as  ferrovanadium,  can- 
not stand  this  price.  The  smelting  furnace  operator  does 
not  expect  the  two  mill  power  of  Sweden,  but  in  most 
cases  he  must  have  five  mill  power.  The  cost  of  power 
limits  the  following  electrometallurgical  processe.-  to 
hydroelectric  power:  smelting  of  iron  ore,  ferro-alloy 
production,  aluminum,  electrolytic  zinc  precipitation, 
and  electric  smelting  of  non-ferrous  ores. 

Location  and  freight  rates  will  have  a  considerable 
influence  on  the  substitution  of  electrical  processes  for 
combustion  methods.  Western  foundries  will  probably 
be  making  iron  castings  by  electric  melting  of  scrap  iron 
and  steel,  or  by  smelting  a  mixture  of  scrap  and  iron 
ore  instead  of  by  melting  pig  iron  shijiped  from  the 
east  with  a  $12  to  $18  freight  rate  added  to  the  eastern 
market  price,  once  somebody  has  demonstrated  the  sav- 
ing possible.  Many  large  western  smelters  have 
ceased  operation  because  of  high  costs  and  shortage  of 
ore.  This  may  result  in  installations  of  electric  fur- 
naces for  treatment  of  high  grade  ores  and  flotation 
concentrate. 

The  price  of  coal  and  oil  has  reached  such  a  point 
in  many  western  smelting  centers,  where  hydro-electric 
power  is  available,  that  if  electric  furnaces  were  de- 
veloped to  a  point  where  they  could  be  substituted  for 
combustion  furnaces,  substitution  of  electric  furnaces 
would  undoubtedly  result.  This  development  is  certain 
to  come  before  many  years,  if  fuel  prices  remain  high, 
particularly  oil. 

Modern  industry  demands  high  grade  products. 
Even  if  electric  furnace  steel  costs  slightly  more  than 
open  hearth  steel,  the  requirement  of  the  best  steel 
possible  for  present  day  industrial  purposes  is  certain  to 
result  in  a  large  increase  in  the  production  of  electric 
furnace  steels  and  non-ferrous  alloys.  This  will  eventu- 
ally increase  the  consumption  of  electrically  produced 
ferro-alloys. 

In  summary,  a  considerable  increase  of  the  uses  of 
electricity  is  to  be  expected  in  the  following  processes: 

/ — Iron  castings  from  scrap  or  a  duplex  process  of 
cupola  melting  with  electric  furnace  refining. 

2 — Steel  castings  and  alloy  steels. 

J — Ferro-alloys. 

4 — Aluminum. 

f) — Brass  melting. 

6 — Electrolytic  zinc. 

7 — Electric  smelting  of  non-ferrous  ores. 


Si:©Dl  Clad  Dl^ 


:nbiii:iOii 


Xi^aB^XDi'am 


^l>< 


1'5 


E.  G.  Reed 

Transformer  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 


THE  DEMAND  for  distribution  transformers  at 
the  present  time,  far  exceeds  the  supply.  This  is 
due  to  many  immediate  causes,  the  most  of  which 
can  be  traced  back  to  the  world  war.  Among  the  most 
obvious  of  these  reasons  are, — 

a — Depletion  of  the  central  station's  stock  of  lighting 
transformers. 

b — The  extensive  home  building  and  house  wiring  pro- 
gram upon  which  the  countr\-  is  entering. 

c — Increased  use  of  electrical  apparatus  in  the  home. 

It  seems  probable,  at  least  in  the  absence  of  a 
general  financial  disturbance,  that  the  present  demand 
will  be  maintained  for  some  time. 

Under  existing  manufacturing  conditions,  it  is  diffi- 


heavy  up-keep  charges.  A  distinct  advantage,  however, 
is  secured,  as  fewer  men  are  required  as  compared  to 
the  hand  work  involved  in  making  castings. 

WEIGHTS  AND  DIMENSIONS 

In  the  development  of  the  steel  clad  transformers 
described  herein,  the  suggestions  and  criticisms  of  op- 
erating engineers  have  been  among  the  main  influences 
shaping  the  design.  A  large  number  of  these  sugges- 
tions have  indicated  the  desirability  of  reduction  of  the 
weights  and  outline  dimensions  of  transformers,  as  the 
weights  determine  largely  the  ease  with  which  distribut- 
ing transformers  can  be  shipped,  handled  and  installed. 
Further,  since  they  are  usually  mounted  on  poles,  heavy 
transformers  are  objectionable,  not  only  because  of  the 


FJG.    I — BLANKING  MACHINE  WHICH  IS  USED  IN  THE  MANUFACTURE 
OF  COVERS,  TANK   RIMS   AND   CASES 

cult  to  maintain  the  proper  supply  of  castings  required 
by  the  various  industries.  One  of  the  greatest  factors 
in  this  condition  is  the  labor  situation,  men  generally 
preferring  the  lighter  and  cleaner  work  in  other  lines 
to  that  of  moulding.  From  the  viewpoint  of  ease  of 
fabrication,  the  manufacturer  is  in  a  better  posi- 
tion by  substituting  sheet  metal  for  cast  iron,  and  con- 
tributes a  benefit  to  the  industry  by  lessening  the  de- 
mand for  castings.  While  quantity  production  is  bene- 
fitted, the  cost  is  not  materially  reduced.  This  is  be- 
cause the  fabricated  parts  require  expensive  tools,  with 


Flu    J — COMPOUND  DR.\WING   I'RESS   WHICH    FORMS  THE  COVERS   AND 
TANK  RIMS  FOR  THE  TANKS 

difficulty  raising  them  into  position,  but  also  because  of 
the  strains  upon  poles  and  cross-arms. 

A  reduction  in  the  volume  of  the  transformers 
gives  greater  ease  of  handling  and  storing.  The  mount- 
ing distance  from  the  center  of  the  pole  is  also  a  matter 
of  importance,  from  the  point  of  view  of  the  strain  on 
the  pole  and  cross-arms. 

The  desirability  of  a  reduction  in  the  weight  and 
dimensions  of  the  transformers,  in  addition  to  the  ques- 
tion of  quantity  production,  further  emphasized  the  de- 
sirability of  the  use  of  sheet  metal  parts.     The  develop- 
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ment  of  the  steel  clad  transformer  has  permitted  ^  re- 
duction of  the  average  bending  moment  on  the  pole  to 
approximately  60  percent;  of  the  weight  to  66  percent; 
and  of  the  auKJUiit  nf  nil  required  to  fill  the  transformer 


FIC.    3 — (IKOL'l-  OF  5,    15   AND  50  KV-A  TRANSFORMERS 

t(^  60  percent  of  the  corresponding  quantities   for  the 
design  with  cast-iron  parts. 

MANUFACTURE 

The  material  used  for  the  manufacture  of  these 
cases,  covers  and  end  frames  is  a  grade  of  sheet  metal 
adapted  to  the  conditions  of  manufacture  and  service. 
It  can  be  cold  drawn,  and  welded  with  the  acetylene 
flame  and,  in  addition,  due  to  its  chemical  purity,  is 
inherently  rust  resisting.  It  is  received  from  the  mills 
in  sheets  of  about  4  by  7.5  feet.  Three  thicknesses  of 
sheet  are  used;  namely,  0.078,  0.109  'in^i  0.125  inches. 
the  thinner  material  being  used  on  the  smaller  sizes  and 
the  thicker  on  the  larger  ones. 

Typical  sizes  of  steel  clad  transformers  are  s'.iown 
in  Fig.  3.  The  main  part  of  the  case,  including  the 
cover,  is  made  of  five  parts  besides  the  hanger  iron 
lugs,  several  bolts  and  nuts  and  other  small  accessory 
pieces. 

The  steps  in  making  the  cover  are  shown  in  Fig. 
4.     The  first  operation  is  blanking  out  the  cover  from 


FIG.    4— THE  TWO  OPERATIONS  i:V  \VHirH   THE  COVER  IS   FORMED 

the  sheet,  the  type  of  machine  used  being  shown  in 
Fig.  I.  The  blank  is  so  shaped  that  the  finished  cover 
does  not  need  a  trimming  operation  to  give  an  even 
edge.  The  next  operation  is  to  fonn  the  cover  into 
shape  by  tlie  use  of  the  press  shown  in  Fig.  2.  The 
finishing  operation,  made  on  a   relatively  small  punch 


press,  is  to  punch  out   the  holes  used  for  bolting  the 
cover  to  the  case. 

Forming  the  top  rim  and  base  for  the  case,  the 
various  steps  of  which  are  shown  in  Fig.  5,  is  a  more 
complicated  process  than  that  of  making  the  cover. 
The  first  step  is  a  blanking  operation  from  the  large 


FIG.    5 — OPERATIONS   IN    MAKING   THE  TOP  RIM    AND   DASE 

sheet.  In  this  case,  the  blank  cannot  be  made  so  as  to 
eliminate  the  trimming  operation  required  to  give  a 
siraight  edge  on  the  finished  piece.  The  degree  to 
which  the  metal  must  be  drawn  for  this  part  is  much 
greater  than  for  the  cover,  and  the  diflference  in  the 
characteristics  of  the  sheets  from  time  to  time,  is  enough 
that  a  blank  of  fixed  area  would  not  always  pmx  ije 
sufficient  metal  to  make  the  part  exactly  to  size.  The 
next  two  steps  are  drawing  operations,  two  stages  being 
necessai-y  to  avoid  tearing  the  metal.  For  sheets  hav- 
ing a  thickness  of  0.109  inch  and  greater,  it  is  neces- 
sary to  anneal  between  the  drawing  operations,  using 
ovens  such  as  shown  in  Fig.  7.  Also  for  the  thicker 
sheets,  it  is  necessary  to  pickle  the  blanks  in  an  acid 
solution  to  remove  the  scale.  If  the  scale  is  not  re- 
moved in  the  drawing  operations,  it  will  score  the  metal 
and  in  extreme  cases  will  start  a  tear.  It  is  especially 
necessary  to  pickle  those  pieces  which  have  been  an- 
nealed between  draws. 

The  next  operation  is  to  punch  out  the  holes  for  the 
primary  and  secondary  bushings  and  the  two  holes  at 
the  sides  of  the  rim  which  are  used  bv  the  bolts  which 


KIG.    6 — THE  STEPS    IN    .MAKING  THE  SIDE   WALLS  FOR  THE  CASE 

Hanger  iron  lugs  are  shown  in  the  foreground, 
clamp  the  small  castings,  by  which  the  transformer  is 
lifted,  to  the  case.  These  same  bolts  engage  the  tops 
of  the  braces  extending  upward  from  the  transformer 
proper,  and.  thus  hold  it  in  the  case.  All  of  the  six  holes 
ir.st  referred  to  are  punched  at  the  same  operation.    The 
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next  step  is  to  punch  out  the  bottom  of  the  pan  which 
has  been  formed  by  the  preceding  operations.  This 
punched  out  part  forms  the  base  of  the  final  trans- 
former tank.  It  will  be  noted  that  a  cross  has  been 
pressed  into  this  bottom  piece  in  order  to  stiffen  and 
adapt  it  to  form  the  base  of  the  case.  The  final  opera- 
tion on  this  base  piece  is  to  turn  over  its  edge  so 
as  to  form  the  best  condition  for  welding,  as  shown  in 
Fig.  9. 

The  several  steps  in  forming  the  side  walls  for  the 
case  are  shown  in  Fig.  6.  The  first  operation  is  cutting 
the  blanks,  which  is  done  on  shears  of  the  type  shown 
in  Fig.  10.  The  next  operation  is  one  of  bending  the 
sheets  on  the  press,  shown  in  Fig.  11.  The  final  opera- 
tion performed  on  one  of  the  halves  only,  is  the  punch- 
ing of  the  hole  for  the  outlet  plug. 

The  various  parts  of  the  case  are  shown  in  one  view 
in  Fig.  12.     In  assembling  the  case,  the  two  sides  are 


ot  this  point  in  service  would  be  a  very  serious  matter. 
Fig.  15  shows  how  the  hanger  irons  are  bolted 
to    these   hanger    lugs,    adapting    the    transformer    for 


Fin.    7 — OVENS    K 


lUK    lANK    RIMS 


brought  together  as  shown  in  Fig.  8.  They  are  first 
tacked  together  in  several  places  to  hold  them  while 
the  final  welding  seams  are  being  made.  As  shown  in 
Fig.  8,  the  parts  are  so  shaped  as  to  make  the  best 
possible  condition  for  welding.  The  two  sides  now 
forming  a  tube,  are  inserted  into  the  top  rim.  and  the 
joint  welded.  The  base  is  then  placed  in  position  and 
welded,  as  shown  in  Fig.  13. 

The  hanger  iron  lugs,  as  shown  in  Fig.  6,  are  also 
made  of  sheet  metal.  The  first  operation  is  to  form 
the  blank  and  the  succeeding  one  to  punch  out  the  hole 
and  the  final  one  to  bend  into  shape.  These  hanger 
lugs  are  spot  welded  to  the  tank,  as  shown  in  Fig.  14, 
preliminary  to  welding  around  all  the  edges.  The  weld- 
ing around  the  edges,  in  addition  to  the  spot  welding 
is     to     give     additional     strength,     since     a     failure 


FIGS.    8   AND   9 — L0C.'\TION   OF   WELDED    SE.\MS 

mounting  on  the  pole  cross-arms.  The  hanger  irons 
consist  of  two  pieces  bent  into  shape  from  hot  rolled 
vvrought  iron  bars.  The  spacing  of  the  Tioles  in  the 
hanger  irons  is  made  so  as  to  adapt  the  same  iron  to 
as  many  different  sizes  of  transformers  as  possible. 

After  welding,  the  tanks  are  tested  for  leaks,  are 
inspected  to  see  that  the  welds  have  been  properly 
made  and  are  tested  with  a  gauge  which  just  fits  when 
the  dimensions  are  acceptable  to  the  assembling  depart- 
ment. 

The  lead  outlet  bushings  are  now  babbited  into  the 
c?se,  a  special  tool,  which  holds  the  bushing  in  its  cor- 
rect position,  being  used  to  facilitate  this  operation,  as 
shown  in  Fig.  16.  The  tank  is  then  ready  for  its  pro- 
tective coating. 

The  end  frames  are  also  made  of  sheet  metal  as 
is  shown  in  Figs.  17  and  18.  The  magnetic  circuit  and 
windings  are  not  included  in  this  figure,  in  order  that 
the  relation  of  the  various  parts  of  the  end  frame  con- 
struction may  be  more  easily  understood.  The  upper 
and  lower  end  frames  shown  in  this  figure  are  made 
from  sheet  metal,  and  the  two  pieces  are  identical  for 
the  same  transformer.  The  steps  in  making  these 
pieces  are  first  a  blanking  and  then  a  bending  operation. 
The  wrought  iron  pieces  for  holding  the  transformer 
down  in  the  tank  are  spot  welded  together  and  to  the 


FIG.    10 — SHEARS    USED    IN    BLANKING    Ol'T    SIDE    WALLS    AND 
OTHER   SI.MILAK   WORK 

upper  end  frame,  three  parts  thus  forming  a  single 
piece.  The  top  end  frame  is  attached  to  the  lower 
frame  bv  the  use  of  the  locking  irons  shown,  v/hich 
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toke  the  strain  when  the  transformer  proper  is  lifted  by  of  heat  in  the  coils  and  magnetic  circuit,  the  heat  from 
the  top  end  frame.  The  relation  of  the  end  frames  to  the  latter  continuing  as  long  as  connections  are  main- 
the  magnetic  circuit  and  winding  is  shown  by  Fig.  19.  tained   to  the   line.     Moisture  cannot   continue  on   the 


FIG.    II — PRESS   WHICH    lOKMS   HIE   TANK    SIPHS 

The  only  castings  used  in  the  entire  transformer  are 
the  small  lifting  lugs,  which  are  bolted  to  the  case,  as 
shown  in  Figs.  3  and  15.  The  same  bolt  which  attaches 
these  castings  to  the  case,  also  engages  extensions  from 
the  top  end  frames ;  thus,  holding  the  transformer  down 
in  the  case. 


FIG.    12 — PARTS   FOR   CASE  OF    I5   KV-A   TRANSFORMER 
WEATHER-PROOF  FINISH 

The  protection  of  transformer  cases  is  an  entirely 
different  matter  from  the  protection  of  roofs  or  other 
applications  of  sheet  metal.  The  surfaces  of  the  trans- 
former cases  in  service  are  kept  warm  by  the  generation 


II',.    1,,      •■-.\    --'_!. ;\LL.\t   WELDING 

surface  for  any  length  of  time  and  therefore,  the  condi- 
tions of  operation,  from  the  standpoint  of  weather  pro- 
tection, are  most  favorable. 

A  study  of  the  behavior  of  cast-iron  tanks  when 
subjected  to  the  action  of  the  weather,  shows  that  un- 
less protected  with  a  weatherproof  finish  the  cast-iron 
rusts  very  heavily,  but  that  a  coat  of  almost  any  sort 
of  paint  or  Japan  will  prevent  rusting  for  an  indefinite 


FIG.    14 — SPOT    WELDING    HANGER    LUGS    IN    POSITION    WITH    AN 
ELECTRIC    WELDING    MACHINE 

Preliminary   to   final   welding  around   the   edge   with  oxy- 
acctylcnc  flame. 

lime.  The  reason  for  this  seems  to  be  that  the  paint  or 
Japan  soaks  into  the  rough  surface  and  cannot  be  dis- 
lodged, the  action  of  the  weather  being  merely  to  wear 
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it  thinner.  An  examination  of  transformers  which 
have  been  in  service  for  from  ten  to  fifteen  years  still 
showed  a  continuous  protective  coating. 

Weather  protection  of  sheet-metal  surfaces  pre- 
sents, however,  a  somewhat  different  problem  from  that 
of  cast  iron.     If  paint  is  applied  to  an  ordinary  sheet 


FIG.    15 — 15    KV-A    STEEL    CLAD    TRANSFORMER 

With  hanger  iron  in  position  for  pole  mounting. 

metal  surface,  an  action  is  sometimes  noticed  which  ap- 
pears to  be  a  gradual  drying  out  of  the  paint  and  then 
the  appearance  of  minute  cracks.  Under  the  worst  con- 
ditions, these  may  becoine  larger  until  the  paint  begms 
to  flake  and  strip  from  the  surface.  The  difficulty  en- 
countered  here   is   that   the   surface    is   normally   very 


FIG.    16 — BAP.ETTTING    BUSHING    IN    TANK 

smooth,  and  the  protective  coating  does  not  adhere  to 
ii  in  the  same  way  as  it  does  to  cast  iron.  This  sug- 
gested that  if  the  surface  should  be  treated  so  as  to 
Co  use  it  to  resemble  that  of  cast  iron,  the  question  of 
the  weather  protection  of  the  sheet  metal  would  be  sim- 
plified. The  obvious  solution  of  the  problem,  there- 
fore, was  the  use  of  a  sandblast  to  obtain  a  rougliened 


surface  as  a  basis  for  the  protective  coating.  The  sand- 
blast removes  all  scale  and  dirt,  gets  right  down  to  the 
sheet  metal  itself,  and  so  roughens  the  surface  that  the 
protective  coating  adheres  so  closely  that  it  becomes  in- 
tegral with  it. 

The  weather  proofing  as  practiced  consists  of  the 
following  operations : — 

I— Sandblasting  to   remove   the  scale  and  dirt   and   to 
roughen  the  surface. 

2 — Applying  and  baking  on  a  coat  of  priming  paint. 
3— Applying  and  baking  on  a  coat  of  finishing  paint. 

FIG.    17— THE    SEVERAL    STAGES    IN    MAKING    THE    TRANSFORMER 
END   FRAMES 

The  finishing  coat  is  heavy  in  oil  and  is  designed 
to  withstand  the  wear  of  the  elements.  Its  color  is 
dark  gray,  the  purpose  being  to  make  the  transformers 
at  inconspicuous  as  possible  when  mounted  on  the  pole. 
This  color  will  merge  into  the  skyline  in  the  same  way 
as  the  paint  used  on  battleships  tends  to  make  them  in- 
N'isible. 

The  sandblasting  equipment  is  shown  in  Fig.  20, 
the  doors,  of  course,  being  closed  when  the  blast  is  in 
operation.     The  circular  table  revolves  slowly  so  as  to 


FIG.    18 — END   FRAMES,  LOCKING  IRONS   AND   BRACES   OF   STEEL 
CLAD  TRANSFORMER 

present  all  the  surfaces  consecutively  to  the  blast  which 
IS  directed  by  the  operator.  The  treatment  removes  all 
scale  and  dirt,  leaving  a  clean  and  roughened  surface. 
The  bushings  are  next  babbitted  into  the  case  and 
the  tanks  are  then  coated  with  the  priming  paint  by 
d-.pping,  as  shown  in  Fig.  21.  The  paint  fills  the  tiny 
scratches  left  by  the  sandblasting,  penetrates  the  micro- 
scopic ridges  and  grooves,  and  becoming  integral  with 
the  tank  surface  insures  a  permanently  eflfective  coat- 
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ing  which  is  hardened  by  the  heat  treatment  next  ap-     plete.     After  a  final  inspection  the  cases  are  complete 
plied.  and  ready  for  the  mounting  of  the  transformers. 

It   is  necessary  to  hake  the  first  coat  of  ])aint   for 
several  hours  at  a  uniform  temperature.     An  oven,  with 


K:.',.    ly — 50    KV-A    TR.\XSF0RMF.1<   READY    FOR    MOUNTING    IN   TANK 

a  truck  load  of  freshly  painted  tanks,  ready  for  baking, 
is  shown  in  Fig.  22. 

After   the   tanks   have   been    allowed   to    cool,    the 


FIG.    21 — APPLYING    11<01LC11\E   CUAllNG    liY    Bll'PING 
CONCLUSION 

The  use  of  fabricated  sheet  metal  results  in 
characteristics  of  value  in  handling,  shipment  and  in- 
stallation of  the  transformer  and  at  the  same  time  is 
favorable  to  quantity  production.  The  use  of  sheet 
metal  has  a  tendency  to  relieve  the  present  pressure  on 
the  production  of  castings.     The  manufacturing  process 


FIG.    20— SAND    BLASTING    EQUIPMENT  FIG.    JJ— OVKN    FOR  BAKING   ON   THE  PROTECTIVE  COATING 

With  doors  open  to  show  tanks  on  revolving  table.     Doors 

are  closed  when  the  blasting  is  in  operation.  involves  considerable  expensive  equipment  and  an  atten- 

finishing  coat  of  paint  is  applied  by  a  similar  dipping  tion  to  detail  which  is  feasible  only  when  production 

and  baking  process  and  the  weatherproofing  is   com-  in  large  quantities  is  possible. 
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THE  THREE-PHASE  four-wire  circuit  consists 
of  a  three-phase  circuit  which  is  fed  by  a  star- 
connected  generator  or  transformer  bank,  in 
which  one  end  of  each  of  the  three-phase  windings  is 
connected  to  a  main  hne,  and  the  other  end  of  each  of 
the  three  windings  is  connected  to  a  common  or  neutral 
point  and  a  fourth  Hne  is  taken  out  from  this  neutral 
point.  Fig.  62  represents  a  star-connected  generator 
feeding  a  three-phase  four-wire  circuit  where  lines 
/, .?  and  J  are  the  main  lines  and  o  is  neutral.  The  volt- 
agest  in  the  three-phase  windings  are  120  degrees  apart, 
and  the  phase  rotation  is  assumed  to  be  o-i,  0-2  and 
0-j,  that  is,  the  voltage  is  a  maximum  in  phase  .=>,  in 
the  direction  from  0  (the  neutral  point)  to  line  2,  120 
degrees  after  it  is  a  maximum  in  phase  i  in  the  direc- 
tion from  o  to  line  i,  and  the  voltage  in  phase  J  is  a 
maximum  in  the  direction  from  0  to  line  5,  120  degrees 
after  it  is  a  maximum  in  phase  2,  in  the  direction  from 
o  to  line  2,  etc.  A  number  of  different  kinds  of  load 
circuits  may  be  connected  to  a  three-phase  four-wire 
system,  such  as  three-phase  four-wire  circuits  v/here 
loads  are  connected  between  the  lines  and  neutral,  any 
kind  of  a  three-phase  three- wire  load  connected  to  the 
three  main  lines  and  single-phase  loads  connected  be- 
tween the  main  lines,  or  from  any  main  line  to  neu- 
tral. The  current  flowing  out  on  any  one  of  the  main 
hnes  may  not  return  on  the  other  main  lines,  but  may 
return  on  the  neutral,  and  for  that  reason  it  is  neces- 
sary to  connect  a  current  transformer  in  each  of  the 
three  main  lines  in  order  to  make  complete  measure- 
ments. 

The  vector  diagram.  Fig.  63,  shows  the  phase  re- 
lations of  voltages  for  the  three-phase  four-wire  systems 
and  the  currents  for  a  balanced  three-phase  four-wire 
load.  £1  (,,  £2  0  ^nd  ^%  0  represent  the  voltages  from 
the  three  main  lines  to  neutral,  and  with  proper  con- 
sideration of  positive  directions  may  represent  the 
generated  voltages  from  the  neutral  to  each  line  re- 
spectively. Voltage  £1 2  is  equal  to  £1 0  • —  -^2  0  (vec- 
torially)  and  being  30  degrees  ahead  of  £,  „  is  1  ?~  or 
i.Jl  times  the  voltage  to  neutral.  Likewise  £3  3  and 
£3 1  represent  the  other  main  line  voltages.  The  cur- 
rents for  a  balanced  load  are  represented  by  I^,  I^  and  I3 
and  are  shown  lagging  behind  the  voltages  to  neutral 
by  an  angle  0  in  order  to  cover  a  load  at  any  power- 
factor. 

It  is  evident  from  the  physical  characteristics  of 
the  system  that  the  power  delivered  to  a  three-phase 
four-wire  load  is  equal  to  the  sum  of  the  power  in  the 
three  phases  between  the  main  lines  and  neutral,  and 


from  the  vector  diagram  is  £1  „  /j  cos  <P  -^  E.^^  h  ''O-J  "^ 
-|-  £3  0  /a  cos  <P  or  for  the  balanced  load  is  j  £p  /  cos  <t> 
where  £p  is  the  voltage  from  any  phase  line  to  neutral 
and  /  the  line  current. 

The  connections  for  measuring  the  power  in  a 
three-phase  four-wire  circuit  with  three  single-phase 
wattmeters  are  shown  in  Fig.  64.  Three  current  trans- 
formers and  three  voltage  transformers  are  used,  the 
voltage  transformers  being  connected  between  each  of 
the  main  lines  and  neutral  and  the  current  transformers 
being  connected  in  the  three  main  lines.  One  of  the 
three  wattmeters  is  connected  in  each  phase  between  a 
main  line  and  neutral,  the  same  as  for  a  single-phase 
circuit.  Therefore,  the  power  measured  by  the  right 
hand,  middle  and  left  hand  wattmeters  is  £,  „  ^i  cos  0, 
£2  0  1 2  cos  <t>,  and  £3  „  I3  cos  <t>  respectively,  and  the  sum 
of  these  measurements  is  the  same  as  the  general  ex- 
pression derived  for  the  power  in  the  three-phase  four- 
wire  system  and  is  correct.  This  method  of  measur- 
ing the  power  is  independent  of  unbalanced  voltages  or 
currents. 

It  may  also  be  shown,  from  the  vector  diagram  in 
Fig.  63,  that  the  three  single-phase  wattmeters,  con- 
nected as  in  Fig.  64,  measure  the  power  correctly  for 
balanced  three-phase  three-wire  loads  connected  to 
the  three  main  lines.  The  line  currents  for  a  balanced 
three-phase,  three-wire  load  are  30°  -)-  0,  behind  the 
line  voltages,  and  therefore,  /j,  I2  and  I^  may  represent 
the  three-phase,  three-wire  line  currents.  The  right 
hand  wattmeter  measures  £p  /^  cos  0,  the  middle  watt- 
meter £p  /,  cos  0  and  the  left  hand  wattmeter  £p  I3 
cos  0,  and  the  sum  of  the  three  measurements  is  5  £p  / 
cos  0.  But  £p  is  equal  to  //j  X  ^-73  ^>  where  £  is 
the  three-phase  line  voltage  and  therefore  the  expression 
for  the  power  becomes  1.75  EI  cos  0  which  is  correct 
for  the  power  in  a  three-phase  circuit  for  a  balanced 
load  at  any  power-factor. 

It  may  be  shown  further  that  the  three  single-phase 
wattmeters  measure  correctly  the  power  for  unbalanced 
three-phase  three-wire  loads  by  considering  the  extreme 
case  of  unbalancing,  where  single-phase  loads  are  taken 
off  between  any  two  of  the  lines.  A  vector  diagram 
for  these  conditions  is  shown  in  Fig.  65.  /j  and  I.^  re- 
present the  line  currents  when  the  single-phase  load  is 
between  lines  /  and  2,  and  are  shown  lagging  by  an 
angle  0  to  cover  any  powerfactor.  As  current  flows  in 
lines  I  and  2  and  not  in  line  j,  the  power  is  measured 
by  the  right  hand  and  middle  wattmeters.  The  right 
hand  wattmeter's  measurement  Wr  is  £1  „  /j  cos  ( jo°  — 
0)  or,  expressing  £,  „  in  terms  of  the  voltage  between 
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lines  E  and  omitting  the  subfigure  from  /,,  since  it  is 
the  line  current,  Wr  =  i/s  X  i-73  ^^  ^os  (30°  —  0)  = 
j/5  X  1-73  EI  (cos  30°  cos  <t>  -\-  sin  30°  sin  <t>)  = 
1/3  X  ^-73  £^  (V^  X  ^-73  t^o^  *  +  V^  ^^^  *)  =^ 
1/6  EI  (3  cos  4>  -\-  1.73  sin  0).  The  power  measured 
by  the  middle  wattmeter  is  E^  0  h  <^o.r  {30°  +  <P)  or, 
expressing  E„  „  in  terms  of  E  and  omitting  the  sub- 
figure  from  /,,  JVm  =  1/3  X  1-73  E-I  cos  (30  +  0)  = 
1/6  EI  (3  cos  0  —  1.73  sin  0).  The  sum  of  the  two 
readings  is  EI  cos  0  which  is  the  correct  power  in  the 
single-phase  circuit.  A  similar  process  of  reasoning 
will  show  that,  when  the  single-phase  load  is  between 
lines  2  and  3,  where  La  and  I,  are  the  line  currents, 
the  power  is  measured  by  the  middle  and  left  hand  watt- 
meters, and  when  the  single-phase  load  is  between  lines 
3  and  /  where  /3A  and  I^a  are  the  line  currents,  the 
power  is  measured  by  the  left  hand  and  right  hand 
wattmeters,  and  the  final  results  are  the  same  in  each 
case.  It  can  be  seen  from  the  vector  diagram  that,  if 
the  current  in  the  single-phase  circuits  lags  or  leads  by 
an  angle  greater  than  60  degrees,  one  wattmeter  read- 


FIG.    62 — THREE-PHAS2,FI(;.   63 — BALANCED   LOAD  OF  CIRCUIT 
FOUR- WIRE  CIRCUIT  FED  SHOWN    IN    FIG.    62    AT    ANY 

BY    A    STAR    CONNECTED  POWER-FACTOR 

GENERATOR 

iijg  becomes  negative,  so  that,  for  unbalanced  loads,  the 
algebraic  sum  of  the  wattmeter  readings  gives  the  cor- 
rect power. 

In  Fig.  66  are  shown  the  connections  for  meJ.sur- 
ing  the  power  in  a  three-phase,  four-wire  circuit  with 
one  polyphase  wattmeter.  Three  current  transformers 
and  two  voltage  transformers  are  used,  the  current 
transformers  being  connected  in  the  three  main  lines  and 
the  voltage  transformers  being  connected  between  two 
of  the  main  lines  and  the  neutral.  The  polyphase  watt- 
meter correctly  measures  the  power  for  any  kind  of  a 
load  of  any  power-factor,  regardless  of  unbalanced  cur- 
rents, so  long  as  the  voltages  remain  balanced.  If  the 
voltages  become  unbalanced,  a  small  error  is  introduced 
due  to  the  voltages  from  line  to  neutral  not  being  equal. 
Fig.  63  is  the  vector  diagram  for  a  balanced  three-phase 
load. 

The  three  current  transformers  in  Fig.  66  are  con- 
r.ected  in  delta,  so  that  the  current  /r  which  flows 
through  the  right  hand  element  of  the  wattmeter  is 
equal  to  /j  —  L  (vectorially)  and,  being  30  degrees 
ahead  of  /,,  represents  1.73  times  the  line  current.  The 
voltage  coil  of  the  right  hand  element  is  connected  to 


the  voltage  £,  „,  and  therefore  the  power  IJ'r  mea- 
sured by  this  element  is  £,  „  In  cos  (30°  —  0)  or,  ex- 
pressing /r  in  terms  of  the  line  current  /  and  represent- 
ing £,  0  by  £p,  Wk  =  £p  1-73  i  <^os  {30°  —  0)  = 
j/2  £p  /  (3  cos  0  +  1.73  sin  0).  The  current  /l  which 
flows  through  the  left  hand  element  of  the  wattmeter 
is  equal  to  I^  —  1 3  (vectorially)  and  being  30  degrees 
ahead  of  /^  represents  1.73  times  the  line  current.  The 
left  hand  element  is  connected  to  the  voltage  £3  „,  and 
Ij.  is  1^0°  —  0  ahead  of  £3  „.  The  current  /l  is  taken 
through  the  current  coil  of  the  wattmeter  in  the  re- 
verse direction  from  the  positive  direction  assumed  for 
the  meter  coils  in  order  that  the  power  component  of  /j, 
may  be  in  the  same  direction  as  £3  0  and  produce  a 
positive  reading.  Therefore,  the  torque  producing  re- 
action in  the  meter  is  caused  by  the  power  component 
of  /'l  which  is  equal  to,  but  180  degrees  from,  /i,.  The 
power  I-Fl  measured  by  the  left  hand  element  is  £3  „  /'l 
cos  (30°  -}-  '^)  or,  expressing  /'l  in  terms  of  the  line 
current  /  and  representing  £3  „  by  £p,  Wi,  =  1.73  £p  / 
cos  (30°  -f  0)  =  1/2  £p  /  (3  cos  0  —  1.73  sin  <t>). 
The  sum  of  the  two  measurements  is  3  Ep  I  cos  0  which 


KIG,     04— MEASURING     BALANCED  FIG.       65 — SINGLE-PHASE      LOADS 

AND    UNBALANCED    THREE-PHASE  BETWEEN    LINES   J  AND  2,  2  AND 

LOADS   WITH    SINGLE-PHASE  },    AND  3   AND    /   OF  CIRCUIT 

WATTMETERS  SHOWN    IN    FIG.    64 

is  correct  for  a  balanced  load.  It  can  be  seen 
from  the  vector  diagram  that,  if  the  angle  of  lag  or 
lead  becomes  greater  than  60  degrees,  the  reading  in 
one  element  becomes  negative,  and  therefore  the  actual 
power  is  represented  by  the  algebraic  sum  of  the  mea- 
surements of  the  two  elements. 

For  unbalanced  three-phase  four-wire  loads  there 
will  be  considered  the  extreme  case  of  unbalancing 
where  single-phase  loads  are  connected  between  the 
main  lines  and  neutral.  Where  the  single-phase  load 
is  between  line  i  and  neutral,  /,  Fig.  63  represents  the 
current  in  line  /  and  also  the  current  which  flows 
through  the  right  hand  element  of  the  polyphase  watt- 
meter, and  the  power  measured  by  this  element  is  £,  <, 
/,  cos  0  which  is  the  correct  measurement  for  the  power 
in  the  single-phase  circuit.  The  left  hand  element  does 
not  measure  any  power  for  there  is  no  current  flowing 
through  it.  If  the  single-phase  load  is  between  line  3 
and  neutral,  the  left  hand  element  measures  the  power 
and  there  is  no  measurement  in  the  right  hand  element, 
for  /g,  representing  the  current  in  line  3  and  the  current 
which  flows  through  the  left  hand  element  (in  a  direc- 
tion opposite  to  the  arrow)   does  not  flow  through  the 


i 


May,  1920 


THE  ELECTRIC  JOURNAL 


light  hand  element.  The  powRr  measured  by  the  left 
hand  element  for  this  case  is  £3 ,,  I^  cos  <P  which  is  cor- 
rect. If  the  single-phase  load  is  between  line  2  and  neu- 
tral, I„  represents  the  current  in  line  2  and  the  current 
\rhich  flows  through  both  current  coils  of  the  meter. 
If  is  seen  from  the  connections  in  Fig.  66  that  the  cur- 
rent L  flows  through  both  coils  in  a  direction  opposite 
to  the  positive  direction  assumed  for  the  meter  coils, 
but  this  is  correct  for  a  positive  reading  since  in  the 
left  hand  element  the  current  is  120°  —  4>  ahead  of  the 
voltage  £3  0,  and  in  the  right  hand  element  is  120°  -\-  <t> 
behind  the  voltage  £1  „,  and  the  power  component  of 
this  current  which  reacts  with  voltages  in  the  two  ele- 
ments is  that  obtained  by  projecting  I\  (equal  to  /^,  but 
180  degrees  from  it)  on  the  line  of  the  respective  volt- 
age vectors.  The  current  /'j  is  60°  -\-  'P  behind  £3  „ 
and  the  power  measured  by  the  left  hand  element  is 
£3  0  /'j  cos  (60°  +  0)  or,  £p  /  cos  {60°  +  «)  =  1/2  £p 
/  {cos  </>  —  /.7J  sin  <t>).  The  current  I'^  is  60°  —  0 
ahead  of  E^  „  and  the  power  measured  by  the  right  hand 
element  is  E-y  „  I' 2  cos  (60°  —  0)  or  £p  /  cos  {60°  —  0) 
=  1/2  £p  /  (cos  -f-  1.75  sin  0).     The  sum  of  the  meas- 


FIG.     66 — MEASURING     BALANCED  FIG.       67 — SINGLE-PHASE      LOADS 

AND    UNBALANCED    THREE-PHASE  BETWEEN   LINES   I   AND  ^,  2  AND 

LOADS      AT      ANY      POWER-FACTOR  J,   AND  J  AND    I   OF   CIRCUIT 

WITH    A   POLYPHASE   WATTMETER  SHOWN    IN    FIG.    66 

surements  in  the  two  elements  is  £p  /  cos  0  which  is  cor- 
rect. It  can  be  seen  from  the  vector  diagram  that  if  the 
angle  of  lag,  becomes  greater  than  30  degrees,  the  read- 
ing in  the  left  hand  element  will  be  negative  and  there- 
fore the  actual  power  is  always  the  algebraic  sum  of  the 
njeasurements  in  the  two  elements. 

The  measurement  of  power,  by  the  polyphase  watt- 
meter connected  as  in  Fig.  66  for  three-phase  three- 
wire  loads  may  also  be  explained  in  connection  with 
the  vector  diagram  in  Fig.  63.  For  a  balanced  load  at 
unity  power-factor  the  line  currents  are  30  degrees  be- 
hind the  line  voltages,  but  in  order  to  cover  balanced 
leads  at  any  power-factor,  /j,  I^  and  /„  representing  the 
three  line  currents,  are  shown  lagging  behind  the  line 
voltages  by  an  angle  jo°  -J-  0.  With  the  delta  con- 
nected current  transformers  the  current  /r  which  flows 
through  the  right  hand  element  of  the  wattmeter  is 
equal  to  I^  —  /^  (vectorially)  and  being  30  degrees  ahead 
of  [^  is  equal  to  i.yj  I,  where  /  represents  the  line  cur- 
rent. The  power  Wr  measured  by  the  right  hand  ele- 
ment is  £1 0  i.^^s  I  cos  (30°  —  0).  But  £1 0  =  //j  X 
i./S  E  and   using  this   value,   the   expression    for   the 


power  becomes  1/3  X  i-73  E  7.7.?  /  cos  {30°  —  0)  = 
1/2  EI  {1.73  cos  0  -f-  sin  0).  The  current  /^  which 
flows  through  the  left  hand  element  of  the  wattmeter 
1=  equal  to  I^  —  I^  (vectorially)  and  being  30  degrees 
ahead  of  I^  is  equal  to  1.73  I.  The  current  I^  is 
130°  —  0  ahead  of  £3  „,  but  is  taken  through  the  cur- 
rent coil  of  the  wattmeter  in  the  opposite  directionfrom 
the  positive  direction  assumed  for  the  meter  coils,  and 
therefore  the  power  component  is  the  same  as  that  ob- 
tained by  projecting  /'l  on  the  line  of  the  voltage  vector 
Ez  0-  J'l.  is  30°  +  0  behind  £3  „  so  that  the  power  Wi, 
measured  by  the  left  hand  element  is  £30  1.J3  I  cos 
{30°  -f  0)  or,  expressing  £3  „  in  terms  of  the  line  volt- 
age £,  I-Fl  =  1/3  X  1-73  E  X  1-73  I  cos  {30°  -f  0)  = 
1/2  EI  {1.73  cos  0  —  sin  0).  The  total  power  given  by 
the  algebraic  sum  of  the  measurements  in  the  two  ele- 
ments is  1.73  EI  cos  0,  which  is  correct  for  the  power 
in  a  three-phase  three-wire  circuit  for  a  balanced  load. 

For  the  unbalanced  three-phase  three-wire  loads, 
the  extreme  case  of  unbalancing  will  be  considered 
where  single-phase  loads  are  connected  between  any  two 
of  the  three  main  lines.  A  vector  diagram  for  these 
conditions  is  shown  in  Fig.  67.  I^  and  I^  represent  the 
line  currents  when  the  single-phaje  load  is  between 
lines  I  and  2,  and  with  the  delta-connected  current 
transformers,  the  current  /r  which  flows  through  the 
right  hand  element  of  the  polyphase  wattmeter  is  equal 
to  I^  —  L  (vectorially)  and,  since  the  currents  combine 
ir  phase,  is  equal  to  twice  the  line  current,  /r  is 
30°  —  0  ahead  of  the  voltage  E^  „  and  the  power 
measured  by  the  right  hand  element  is  E^  ^  ^r  cos  (30° 
—  0)  or,  expressing  E^  „  in  terms  of  the  line  voltage  £ 
and  /r  in  terms  of  the  line  current  /,  IV^  =  1/3  X  i-73 
E  2  I  cos  (30°  —  0)  =  1/3  EI  (3  cos  0  -f  1.73  sin  0). 

It  can  be  seen  from  the  connections  in  Fig.  66  that 
for  this  case  the  current  — /„,  after  passing  through  the 
light-hand  element,  flows  through  the  current  coil  of 
the  left  hand  element  of  the  wattmeter  in  the  direction 
corresponding  to  the  positive  direction  assumed  for  the 
meter  coils.  At  unity  power-factor,  — I^  is  90  degrees 
behind  the  voltage  £3  „  and  there  is  no  measurement  of 
power  in  the  left  hand  element;  but  for  the  angle  of 
lag  0  there  is  a  component  of  /„  in  phase  with  £3  g,  and 
since  the  current  flows  through  the  meter  element  in 
the  opposite  direction  to  the  voltage,  the  measurement 
in  the  element  is  negative  and  equal  to  —  £30  I^  cos 
(go°  —  0)  or,  expressing  £3  „  in  terms  of  the  line  volt- 
age £  and  omitting  the  sub-figure  from  I^,  Wi^  =  —  1/3 
X  1-73  EI  cos  (po°  —  0)  =  —  1/3  X  1-73  EI  sin  <t>. 
The  algebraic  sum  of  the  measurements  in  the  two  ele- 
n.ents  is  EI  sin  <P  which  is  correct  for  the  single-phase 
circuit. 

In  case  the  single-phase  load  is  between  lines  2  and 
J.  /oA  and  /,  represent  the  line  currents,  and  with  the 
delta-connected  current  transformers  the  current  /l 
which  flows  through  the  left  hand  element  of  the  watt- 
meter is  equal  to  /ja  —  l^  (vectorially)  and,  since  the 
currents  combine  in  phase,  is  equal  to  twice  the  line 
current,    /l  is  750°  —  0  ahead  of  £3  „  and  flows  through 
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the  current  coil  of  the  wattmeter  in  the  opposite  direc- 
tion to  the  voltage  £3  „  so  that  the  power  components 
of  /l  which  reacts  with  the  voltage  in  the  meter  is  that 
obtained  by  projecting  /'l  on  the  line  of  the  voltage 
vector  £3  0.  /'l  is  30°  -\-  <!>  behind  £3  „  and  the  power 
Wij  measured  by  the  left  hand  element  is  £3  „  I'l,  cos 
(50°  -f-  <(>)  or,  expressing  £3  „  in  terms  of  the  line  volt- 
age £  and  /'l  in  terms  of  the  line  current  /,  Wj,  = 
i/3  X  1-73  E  2  I  cos  {30°  -\-<t>)  =  1/3  E  I  (3  cos  <P  — 
1.23  ^^^  *)■  The  current  I^a  after  passing  through  the 
left  hand  element,  flows  also  through  the  right  hand  ele- 
ment of  the  wattmeter  in  the  opposite  direction  to  the 
positive  direction  assumed  for  the  meter  coils.  At  unity 
power-factor  h,^  is  90  degrees  behind  E^  „  and  there  is 
no  measurement  in  the  right  hand  element,  but  for  the 
angle  of  lag  <P  the  power  component  of  I^a  which  is  in 
phase  with  E^  ^  is  that  obtained  by  projecting  I'„a  (equal 
to  and  180  degrees  from  I„a)  on  the  line  of  the  voltage 
vector  El  „.  /'ja  is  po°  —  0  ahead  of  E^  „  and  the 
power  measured  by  the  right  hand  element  is  £,  „  /'oa 
cos  {po°  —  <t>)  or,  expressing  £,  0  in  terms  of  the  line 


FIG.   68 — MEASURING    LINE   CURRENTS    WITH    THREE   AMMETERS 


voltage  £  and  representing  /'ja  by  /,  Wr  =  1/3  X  ^-73 
EI  cos  {qo°  ■ —  0)  =  j/3  X  ^-73  EI  sin  0.  The  alge- 
braic sum  of  the  measurements  in  the  two  elements 
ib  EI  cos  <t>  which  is  correct  for  the  single-phase  circuit. 

In  case  the  single-phase  load  is  between  lines  3  and 
I,  /3A  and  /jA  represent  the  line  currents.  /3A  flows 
through  the  left  hand  element  of  the  polyphase  watt- 
meter in  the  opposite  direction  to  the  small  arrow  in 
Fig.  66  or  in  the  same  direction  as  the  voltage  £3  „,  and 
is  30°  —  0  ahead  of  £3  „,  therefore  the  power  measured 
by  the  left  hand  element  is  £3  „  I^a  cos  {30°  —  0)  or, 
expressing  £3  „  in  terms  of  the  line  voltage  £  and  omit- 
ting the  sub-figure  from  /3A,  W^l.  =  Vi  X  ^-73  EI  cos 
(30°  —  0)  =  1/6  El  (5  cos  0  -j-  1.73  sin  0).  The 
current  I^a  flows  through  the  right  hand  element  and  is 
30°  -\-  0  behind  the  voltage  £1  „  so  that  the  power  mea- 
sured by  the  right  hand  element  is  £,  0  Iia  cos  (30°  -{- 
0)  or,  expressing  the  voltage  E^  „  in  terms  of  the  line 
voltage  £  and  omitting  the  sub-figures  from  /,a,  W'r  = 
1/3  X  1-73  EI  cos  {30°  -f  *)  =  -f/<5  EI  (3  cos  —  1.73 
sin  0).  The  algebraic  sum  of  the  measurements  in  the 
two  elements  is  EI  cos  0  which  is  correct  for  the  single- 
phase  circuit. 

Fig.  68  shows  a  group  of  meters  on  a  three-phase 


four-wire  circuit  where  three  ammeters  are  used.  The 
three  current  transformers  are  delta-connected  but  the 
ammeters  are  connected  inside  the  delta  so  that  they 
give  a  reading  of  the  line  currents.  The  measurement 
of  power  by  the  polyphase  indicating  wattmeter  and  the 
watthour  meter  is  similar  to  that  outlined  in  connection 
with  Fig.  66,  the  current  coils  of  the  two  meters  being 
connected  in  series.  The  frequency  meter  and  the  volt- 
meter are  connected  across  one  of  the  voltage  trans- 
formers from  line  to  neutral.  If  the  voltmeter  is  pro- 
vided with  a  proper  coil  and  calibration,  it  may  be  con- 
nected between  the  wires  from  the  voltage  transformers, 
corresponding  to  lines  i  and  3,  so  that  the  reading  would 
be  the  voltage  between  the  main  lines. 

In  Fig.  69  are  shown  the  connections  for  a  poly- 
phase wattmeter  and  one  ammeter,  used  with  an  am- 
meter switch  by  means  of  which  the  ammeter  may  be 
connected  to  read  the  current  in  each  of  the  three  main 
lines.  The  ammeter  switch  may  be  used  with  any  com- 
bination of  meters  on  the  three-phase  four-wire  circuit, 
but  it  is  shown  here  only  with  the  polyphase  wattmeter 
in  order  to  simplify  the  explanation  of  the  connections. 


iErpiI 
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Fir..    69 — MhAM  Kl.NG    LINK    CURRENTS    WITH    ONE    AMMETER 

The  current  transformers  are  delta-connected  for  use 
with  the  polyphase  wattmeter  exactly  the  same  as  in 
Fig.  68.  The  development  of  the  ammeter  switch 
shows  how  the  connections  are  made  within  the  switch 
for  the  different  positions.  For  the  off  position,  points 
I,  4,  7,  and  10  are  open  so  that  the  ammeter  is  entirely 
disconnected,  and  points  2  and  3,  5  and  6,  8  and  p  are 
respectively  connected  together.  The  current  from  the 
current  transformer  in  line  /  flows  through  the  right 
hand  element  of  the  wattmeter  to  point  5  on  the  am- 
meter switch,  from  point  5  to  point  3  and  returns  to  the 
transformers  on  the  wire  from  point  2.  The  current 
from  the  current  transformer  in  line  2  flows  through 
the  left  hand  element  of  the  wattmeter  to  point  6  on 
the  ammeter  switch  and  out  from  point  5  through  the 
right  hand  element  of  the  wattmeter  and  returns  to  the 
tiansformer.  The  current  from  the  current  trans- 
fonner  in  line  3  flows  to  point  p  on  the  ammeter  switch, 
from  point  1?  to  point  6,  and  from  point  6  through  the 
left  hand  element  of  the  wattmeter  and  returns  to  the 
transformer.  For  position  /,  points  7  and  10  are  open 
and  point  /  and  2,  3  and  7,  5  and  6,  8  and  p  are  re- 
spectively connected  together.  The  circuits  for  the 
current  transformers  in  lines  2  and  3  are  the  same  as 
in  the  off  position,  but  the  current   from  the  current 
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transformer  in  line  /  flows  through  the  right  hand  ele- 
ment of  the  wattmeter  to  point  5  on  the  ammeter 
switch,  from  point  5  to  point  J,  out  from  point  4  through 
the  ammeter  (thus  giving  the  reading  of  the  current  in 
line  j)  to  point  i  on  the  ammeter  switch  and  returns 
to  the  transformer  on  the  wire  from  point  2.  For  posi- 
tion 2,  points  /  and  10  are  open  and  points  2  and  j,  4 
and  5,  6  and  7,  8  and  p  are  respectively  connected  to- 
gether. The  circuits  for  the  current  transformers  in 
Imes  I  and  3  are  the  same  as  for  the  off  position,  but 
the  current  from  the  current  transformer  in  line  2  flows 
through  the  left  hand  element  of  the  wattmeter  to  point 
6  on  the  ammeter  switch,  out  from  point  7  through  the 
ammeter  (thus  giving  a  reading  of  the  current  in  line 


^)  to  point  4  on  the  ammeter  switch,  out  from  point  5 
through  the  right  hand  element  of  the  wattmeter  and 
returns  to  the  transformer.  Foi  position  5,  points  i 
and  4  are  open  and  points  2  and  j,  5  and  6,  7  and  8,  p 
and  10  are  respectively  connected  together.  The  cir- 
cuits for  the  current  transformers  in  lines  /  and  2  are 
the  same  as  for  the  off  position,  but  the  current  from 
the  current  transformer  in  line  J  flows  to  point  p  on  the 
ammeter  switch,  out  from  point  10  through  the  ammeter 
(thus  giving  a  reading  of  the  current  in  line  j)  to  point 
7  on  the  ammeter  switch,  from  point  8  to  point  6  and 
from  point  6  through  the  left  hand  element  of  the 
wattmeter  and  returns  to  the  transformers. 
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IN  DISCUSSING  the  subject  of  electricity  in  the 
motion  picture  industry,  it  may  be  well  to  briefly 
review  the  history  of  this  industry  which  had  its 
conception  a  little  more  than  twenty  years  ago  since 
Vi'hich  time  it  has  risen  from  insignificance  to  the  fifth 
greatest  industry  in  the  United  States. 

It  is  said  that  an  argument  over  a  horse  race  started 
the  experiments  that  finally  resulted  in  successful  motion 
picture  photography.  Two  race  horse  men  had  an  ar- 
gument as  to  whether  or  not  a  horse,  while  running,  ever 
had  more  than  two  feet  on  the  ground  at  one  time.  To 
settle  the  argument  24  threads  were  stretched  across  the 
track  and  each  thread  attached  to  a  camera  shutter.  As 
the  horse  ran  down  the  track  these  24  cameras  took  24 
pictures  covering  a  brief  period  of  time.  The  argument 
v/as  settled,  but  no  successful  way  of  showing  the  con- 
tinuity of  action  was  developed,  because  they  did  not 
have  a  flexible  substitute  for  glass.  Some  years  later, 
it  was  found  that  celluloid  could  be  substituted  for  the 
glass  photographic  plates.  This  enabled  Edison  to  per- 
fect his  kinetescope  or  peephole  machine  which  was  first 
demonstrated  at  the  Columbian  Exposition  in  1893. 

Two  inventors,  one  in  New  York  and  the  other  in 
London  got  several  ideas  from  Edison's  invention  and 
finally  developed  a  crude  projection  machine.  The  first 
projected  motion  picture  was  shown  in  a  New  York 
basement  in  1895.  Progress  was  slow  during  the  next 
ten  years,  and  even  as  late  as  1905  the  motion  picture 
show  was  very  much  of  a  novelty,  but  by  January  1907 
there  were  1200  movie  theatres  in  New  York  City  alone. 
There  are  now  approximately  17200  motion  picture 
theatres  in  the  United  States.  It  was  just  about  this 
time  that  the  demand  for  films  from  these  1200  theaters 
became  a  real  problem,  and  the  production  of  films  be- 
came a  small  industry.  We  can  all  look  back  and  re- 
member the  crude  photoplays  of  those  days.  Prac- 
tically all  of  these  were  taken  entirely  by  sunlight  and 
the  photography  was  such  as  would  not  be  tolerated  in 
even  the  lower  price  theaters  of  today. 


All  phases  of  the  motion  picture  industiy  have 
witnessed  wonderful  development  since  1907.  Great 
producing  and  exchanging  corporations  have  come  into 
existence,  giving  solidarity  to  the  industry.  Intensive 
scientific  research  has  made  marvelous  development  in 
the  photography  and  the  effects  secured. 

The  standard  motion  picture  is  a  strip  of  celluloid 
about  I J4  inches  wide,  in  reels  ordinarily  1000  feet  long. 
In  witnessing  a  modern  photoplay  production,  you  prob- 
ably never  consider  that  the  picture  on  the  screen  which 
may  be  15  by  20  feet  is  the  magnification  of  a  ^  by  one 
inch  picture  on  a  strip  of  celluloid,  and  that,  at  normal 
speed,  you  see  16  different  pictures  every  second,  each 
one  separated  from  the  succeeding  one  by  a  single  black 
line  about  1/32  of  an  inch  wide,  so  that  when  you  view 
one  of  our  modern  five  reel  dramas  you  have  seen  ap- 
proximately 90000  different  pictures.  Bearing  these 
facts  in  mind  it  is  easy  to  understand  that  the  utmost 
care  must  be  taken  in  the  production  and  projection  of 
motion  picture  films  to  produce  harmonious  and  pleas- 
ing results,  such  as  are  enjoyed  by  theater  patrons  of 
today.  Without  electricity  this  could  not  be  accom- 
plished. 

The  modern  motion  picture  studio  comprises  differ- 
ent departments,  each  with  its  own  particular  task  to 
perform.  Practically  everyone  of  these  departments 
uses  electricity  in  its  work.  For  instance,  in  the  labora- 
tory, electricity  is  used  for  heating  tanks  filled  with  so- 
lutions used  in  developing;  it  furnishes  light  and  power 
for  the  printing  machines,  runs  the  motors  on  the  per- 
forators, polishers,  drying  drums  and  ventillating  fans. 
Electricity  drives  all  the  wood  vvorking  machines  in  the 
carpenter  shops  where  the  most  skilled  wood  workers 
and  carvers  will  be  found,  making  the  artistic  furniture 
and  other  settings  used  on  the  stages.  You  may  see 
anything  from  a  Pullman  car  interior  to  the  bridge  of 
an  ocean  liner,  or  a  very  large  interior  of  a  Japanese 
temple  or  a  Roman  palace. 

Every  large  studio  has  its  blacksmith  shop,  garage 
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and  machine  shop  where  electricity  furnishes  nKJtive 
power.  There  are  also  the  projection  rooms  where  the 
film  is  shown  several  times  before  it  is  finally  edited  and 
completed.  Each  of  these  is  a  minature  theater. 
Generally,  one  of  these  rooms  is  nicely  fitted  up;  for  it 
IS  here  that  the  final  runs  are  made  in  the  presence  of 
the  officials,  directors,  camera  men  and  the  stars  who 
took  the  leading  roles. 

ILLUMINATING  THE   STAGES 

The  stages  proper  are  of  one  of  three  different 
varities,  either  open  air,  glass  or  enclosed;  the  most  re- 
cent trend  being  towards  the  closed  stage  which  ex- 
cludes practically  all  sunlight.  One  of  the  largest  West 
Coast  studios  started  out  to  use  open  and  glass  stages 
exclusively.  They  now  have  one  glass  covered  stage, 
no  open  stages,  five  enclosed  stages  and  are  building 
their  new  stage  125  by  300  feet  entirely  enclosed. 

The  illumination  of  the  "sets",  as  the  stage  settings 
are  called,  is  an  interesting  problem.      It  is  seldom  that 


proper  illumination  if  you  v\ill  consider;  first,  that  all  of 
the  numerous  lamps  used  must  be  placed  entirely  out 
of  the  camera's  range.  Second,  no  conflicting  shadows 
can  appear.  This  alone  is  a  problem.  Third,  unless 
proper  "back-lighting"  is  used  the  back-ground  of  the 
picture  will  appear  very  flat  and  spoil  your  conception 
of  the  de[)th  of  the  room.  Fourth,  it  must  be  possible 
to  synchronize  all  of  the  lighting  effects  with  the  action 
of  the  picture. 

(ireat  ingenuit}-  has  been  displayed  in  meeting  the 
r.umerous  problems  in  illumination  that  are  always  oc- 
curring at  the  studios.  This  same  trait  holds  good  in 
practically  every  department.  The  writer  has  often 
admired  the  spirit  that  exists  in  all  the  studios,  and  that 
is,  that  "nothing  is  impossible  around  a  studio".  For 
instance — one  new  studio  had  to  have  a  large  amount 
of  direct  current  available  on  a  certain  day;  it  looked 
like  it  would  be  impossible  to  secure  motor-generator 
sets  during  the  war  period.     It  was  impossible  to  secure 


FIC.    I--AIKrLANl-;   \1K\V    OF   THE   KOIll-.KT   BRUNTO.N"    STUDIO   AT    LOS    ANCtXKS,   C.VLIKORNIA 

Eighteen  dififercnt  motion  picture  companies  are  producing    pictures  at  these  studios.     Over  looo  hp  in  motors  and  680  kw 
in  generators  are  installed  here. 


sunlight  is  the  only  light  used,  even  in  Southern  Cali- 
fornia. Sometimes  there  is  a  combination  of  sunlight 
with  artificial  light,  but  obviously  on  the  enclosed  or 
"dark"  stages,  all  the  illumination  is  artificial.  This 
may  seem  extravagant  to  those  not  acquainted  with  the 
industry,  but  experience  has  shown  that  the  use  of  sun- 
light alone  gives  a  very  flat  picture  and,  unless  handled 
skillfully,  may  produce  some  annoying  results  in  chang- 
ing shadows.  There  are  two  principal  classes  of  arti- 
ficial light,  the  "hard"  and  the  "soft".  The  soft  lights 
are  obtained  largely  from  Cooper-Hewitt  mercury  vapor 
tubes,  while  the  carbon  arc  gives  the  intense  light 
needed  to  develop  the  high  lights  and  accentuate  any 
particular  feature. 

Considerable  skill  is  required  to  secure  the  proper 
illumination  of  the  "set",  for  the  theater  going  public 
have  been  educated  to  expect  excellent  results  and  medi- 
ocre photography  is  not  tolerated.  You  can  imagine 
some   of   the    difficulties   encountered    in    securing   the 


l;)rge  ones,  so  they  went  on  a  still  hunt  and  located  four 
smaller  sets  of  from  50  to  100  kw  capacity.  These  sets 
were  moved  from  various  locations  to  a  temporary 
building  at  the  studio.  About  600  kw  capacity  in  trans- 
formers was  installed,  a  temporary  wooden  switchboard 
was  constructed,  the  whole  plant  was  put  in  service  al- 
most over  night  and  was  giving  satisfactor)-  operation 
en  schedule  time. 

Ordinary  illumination  would  fall  very  flat  in  the 
movies;  for  example,  a  man  enters  a  darkened  room  in 
n  night  scene  and  lights  a  cigarette.  You  see  him  strike 
the  match  and  hold  the  light  to  his  cigarette,  his  whole 
face  is  illuminated  by  the  glowing  "match",  just  as  it 
would  appear  to  the  eye  under  normal  conditions,  but  if 
the  ordinal-}-  match  was  employed  in  the  picture  it  would 
.ippear  as  a  grey  haze  only,  so  it  is  necessary  to  use  a 
specially  constructed  miniature  arc  from  which  the  ciga- 
rette is  lighted. 

The  lighting  load  at  a  large  studio  reaches  consider- 
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able  proportions  at  times.  For  example, — large  ex- 
teriors use  more  than  8000  amperes  or  approximately 
900  kilowatts  in  lights.  It  is  not  unusual  for  a  large 
interior  scene  to  run  up  to  600  kilowatts.  While  the 
method  of  lighting  varies  at  the  different  studios,  there 
will  generally  be  from  50  to  75  percent  direct  current. 
At  the  larger  studios  there  are  from  6  to  25  separate 
companies  "shooting"  at  the  same  time.  The  larger 
studios  often  have  as  much  as  700  kw  capacity  in  motor- 
generator  sets. 

WIRING  THE  STAGES 

Some  novel  systems  of  wiring  the  stages  have  been 
installed  at  different  studios  to  place  the  lighting  of  an 
entire  set  under  the  immediate  control  of  one.  person. 
The  advantage  of  such  a  system  is  obvious  as  it  enables 
the  director  to  secure  any  lighting  effect  desired.  Two 
studios  employ  a  scheme  of  using  electrically-operated 
magnetic-contactor  switches  on  the  several  different 
feeder  circuits  supplying  the  set.  These  switches  can 
be  controlled  either  singly  or  in  groups  by  means  of  push 
buttons  connected  with  a  flexible  cable  so  that  they  can 
be   carried  to  any  desired  place  on  the  set.     With  this 


tors.  In  order  to  solve  this  problem  of  obtaining  this 
flat  voltage  regulation  on  a  three-wire  system  over  wide 
ranges  of  load,  the  writer  in  conference  with  two  chief 
electricians  from  the  largest  West  Coast  studios  sug- 
gested the  use  of  the  three-unit  motor-generator  set  for 
this  application. 

THREE  UNIT   MOTOR-GENERATOR  SETS 

The  three-unit  set  solved  the  problem,  for  by  con- 
necting the  two  generators  permanently  in  series,  the 
three-wire  system  is  secured  and  no  accessory  equipment 
i^  needed  to  provide  for  unbalancing,  as  each  generator 
can  be  loaded  independently  of  the  other.  The  first 
three-unit  set  installed  at  a  studio  has  been  in  successful 
operation  for  more  than  two  years  and  practically  all 
of  the  West  Coast  studios  are  installing  similar  equip- 
ments. 

PROBLICMS   FOR  THE   POWER  COMPANY 

The  motion  picture  studio  is  not  the  most  desirable 
load   from  the  power  company's  viewpoint.     The  load 


FIG.    2 — HOTEL    SET    I 
Showing   son 
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of   the   artificial   hghting  employed. 


scheme  either  one  or  all  of  the  lights  can  be  controlled 
by  a  single  button.  In  most  studios,  however,  "location 
switchboards"  using  knife  switches  are  employed  for 
this  purpose. 

SOME  ELECTRICAL  PROBLEMS  TO  BE  CONSIDERED 

Voltage  regulation  is  one  of  the  principal  problems 
at  a  motion  picture  studio.  Both  carbon  arc  and  the 
Cooper-Hewitt  lamps  are  susceptible  to  voltage  varia- 
tion and  it  is  surprising  to  find  what  disastrous  results 
in  photography  can  be  obtained  if  the  camera  happens 
to  synchronize  with  the  variations  for  a  while  and  then 
"get  out  of  Step".  Many  thousands  of  feet  of  film  have 
been  ruined  on  this  account. 

A  very  flat  voltage  regulation  is  desirable,  and  this 
must  be  maintained  over  wide  ranges  of  load.  It  is  also 
desirable  to  einploy  the  three-wire  distributing  system 
throughout  the  stages  on  account  of  the  economv  in 
copper  and  the  absence  of  large  and  unwieldly  conduc- 


FIG.  3 — A    SPI.E.N'HII)    Ex.\MI'LE    of    r.ooii    ili.u.mix.vtion 
This  represents  the  interior  of  an  Indian  temple  from  the 
Metro  photo  play   "Hope".     All   the   lights  were  not   on  when 
this   photograph   was  taken,  but   every  detail   shows  clearly  in 
the  original  print.  •, 


factor  is  quite  low  and  there  are  a  large  number  of 
transformers  and  induction  motors  that  often  run  at 
very  light  loads  for  considerable  periods.  On  the  other 
hand  the  studios  use  considerable  quantities  of  light  and 
power,  the  bills  at  the  larger  studios  averaging  almost 
$1000  per  month,  light  and  power  dividing  the  honors 
almost  equally.  Some  of  the  latest  300  kw  motor- 
generator  sets  installed  at  the  studios  have  been  supplied 
with  synchronous  instead  of  induction  motors.  Several 
large  synchronous  sets  will  be  installed  during  the  com- 
ing year  in  the  Los  Angeles  district.  These  will  do 
much  towards  improving  the  power-factor  of  these 
studio  loads  as  they  often  run  lightly  loaded  for  con- 
siderable time  and  they  can  be  set  for  leading  power- 
fj'Ctor. 
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TAKING  ELECTRICITY  WITH  THEM 

When  a  movie  company  leaves  the  studio  to  go  out 
on  "location",  they  generally  provide  some  means  of  ob- 
taining a  considerable  amount  of  electric  power  to  il- 
luminate the  scene  of  action.  Southern  California  is 
covered  with  a  network  of  power  transmission  lines.  It 
is  also  a  remarkable  fact  that  in  Los  Angeles  County 
may  be  found  every  kind  of  an  exterior  setting  from  a 
New  England  home  to  a  Japanese  abode.  The  natural 
scenery  provides  everything  that  romance  and  drama 
could  demand.  The  ocean,  the  mountains  with  their 
snow  capped  peaks,  the  sun  baked  desert,  and  beautiful 
valleys  can  all  be  reached  in  two  hours  run  by  auto. 

Because  of  these  favorable  circumstances,  some  of 
the  studios  have  portable  motor-generator  sets,  mounted 


FIG.  4 — LOIS  \vh:m;   mm  \i:i.I';   Mi.iiok  c.rxEi;MOR  SET  FOR 
I-OC.\TION    WORK 

Showing  ihf  (lircct-ciirrc-nt  generator  panel  on  the  left,  and 
alternating-current  control  equipment,  consisting  of  an  auto 
starter  and  2200  volt  oil  circuit  breaker  and  a  box  containing 
the  integrating  watthour-mcter  and  transformers. 

on  trailers  so  they  can  easily  be  transported  to  the  loca- 
tions. These  portable  sets  are  complete  with  both  alter- 
nating-current and  direct-current  switchboards  and  the 
2200  volt  motor  is  run  directly  off  the  nearest  2200  volt 
line. 

Where  there  is  no  power  line  handy  or  where  it 
would  be  difficult  to  obtain  sufficient  direct-current  they 
take  along  a  portable  engine-driven  set  and  generate 
direct-current  on  the  location.  These  engine-driven  sets 
have  been  sent  as  far  away  as  Montana  and  one  Com- 
pany is  expecting  to  take  two  of  them  to  Europe  in  May. 
Both  the  portable  engine-driven  and  motor-generator 
sets  have  been  built  in  capacities  up  to  100  kw  and  the 
three-unit  idea  has  been  carried  out  in  these  equipments, 
because  of  the  advantages  of  using  two  generators. 

STUDIO  SUBSTATIONS 

.Ml  of  the  studios  are  giving  considerable  care  and 


attention  to  the  design  of  their  substations  and  the  in- 
stallation of  their  electrical  equipment  for  continuity  of 
service  is  most  important.  The  rapid  expansion  of  the 
industry  in  Southern  California  has  forced  the  Southern 
California  Edison  Co.,  on  whose  system  practically  all 
the  West  Coast  Studios  are  located,  to  adopt  the  fol- 
lowing rule,  that  wherever  more  than  about  400  k.v.a. 
capacity  is  required,  they  run  a  15000  volt,  three-phase 
line  to  the  studio  sub-station  and  step-down  in  a  bank 
of  transformers  to  2200  volts. 

Power  at  2200  volts  is  supplied  to  the  large  motor- 
generator  sets  and  also  to  other  banks  of  transformers 
v/here  the  voltage  is  again  reduced  to  440-220-110  volts 
for  lighting  and  power  circuits.  Ver}'  complete  switch- 
boards are  provided  for  distributing  both  direct  and  al- 
ternating-current. The  motor-generator  sets  are  op- 
erated in  parallel  on  a  common  bus  and  circuit  breakers 
are  provided  on  all  stage  feeder  circuits. 

The  studios  deserve  much  credit  for  the  manner  in 
which  they  have  observed  the  various  code  rulings  as 
well  as  the  rulings  of  the  California  State  Accident  In- 


FIG.    5 — 120  KW,  THREE  UNIT,  MOTOR-GENERATOR  SET 

At  Robert  Brunton  Studios, 
dustrial  Commission.  Viewed  from  the  standpoints  of 
good  engineering,  neatness  and  the  elimination  of 
liazards,  their  substation  installations  and  distribution 
systems  are  not  equalled  or  surpassed  by  many  other 
large  industrial  concerns,  and  many  smaller  ones  could 
profit  by  their  good  example. 

THE  OUTLOOK 

It  is  difficult  to  imagine  what  developments  will  be 
witnessed  in  the  motion  picture  industry,  but  even  the 
17000  odd  motion  picture  theaters  in  the  United  States 
are  not  the  only  market  for  the  output  of  our  studios. 
American  films  are  much  in  demand  in  foreign  coun- 
tries. During  the  next  few  years,  we  will  witness  won- 
derful developments  in  the  use  of  motion  picture  films 
for  industrial  exploitation,  commercial  education, 
general  publicity,  advertising  and  selling.  Experiments 
are  being  carried  on  in  Los  Angeles  at  present  that  in- 
dicate that  color  photography  may  soon  be  a  commercial 
])ossibility.  We  will  see  more  general  use  of  the  rppid 
speed  camera  for  analyzing  motion  and  increasing  hu- 
man efficiency.  The  present  developments  in  port.-ible 
projectors  indicate  a  more  general  use  of  films  for 
varied  purposes.  Certainly  much  can  be  reasonably  ex- 
pected and  the  outlook  is  most  promising. 
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M.  H.  Aylesworth 

Executive  Manager, 

National  Electric  Light  Association 


CHANGING  conditions  in  the  use  and  regulation 
of  electricity  have  brought  about  an  immediate 
need  for  greater  expansion  of  the  National  Elec- 
tric Light  Association,  coupled  with  a  definite  national 
program  which  shall  assure  the  continued  success  of  the 
Association  as  the  national  representative  of  the  elec- 
trical industry. 

Following  a  general  survey  made  by  the  executive 
manager  at  the  request  of  the  national  executive  com- 
mittee, upon  tlie  recommendation  of  President  Ballard, 
it  was  determined  to  undertake  a  program  of  expansion. 
In  answer  to  a  general  letter  written  by  the  executive 
manager  to  executives  of  all  member  companies,  came  a 
demand  for  increased  service  in  practical  co-operation, 
which  resulted  in  immediate  reorganization  of  the  na- 
tional headquarters  staff.  The  executive  manager  will 
generally  direct  the  work  of  the  Association,  including 
the  appointment  and  direction  of  the  headquarters  staff, 
under  the  stipervision  of  the  president,  vice-presidents, 
and  national  executive  committee. 

The  organization  at  headquarters  has  been  divided 
into  five  departments,  under  the  direction  of  the  exe- 
cutive manager  and  acting  secretary. 

Mr.  Fred  W.  Herbert,  superintendent  of  the  com- 
pany service  department,  is  in  charge  of  the  rate  book 
and  rate  research  work,  which  heretofore  has  been  car- 
ried on  in  Chicago  but  which  lately  has  become  part  of 
the  centralized  organization.  This  department  is  co-op- 
erating also  with  accounting  committees  and  is  prepared 
to  give  service  to  companies,  large  or  small,  in  the  matter 
of  technical  accounting,  rates,  valuation,  production, 
service,  or  other  problems.  In  so  doing,  this  depart- 
ment will  act  as  a  clearing  house  for  information,  ex- 
perience, statistics  and  all  such  matters,  thus  giving  to 
small  and  large  companies  alike  the  advantages  of  prac- 
tical developments  by  the  other  company-members. 

The  department  of  publicity  is  under  the  direction 
of  Mr.  George  F.  Oxley,  director  of  publicity,  who  will 
supervise  the  gathering  of  educational  propaganda  from 
all  parts  of  the  country,  which  will  be  disseminated  to 
all  member  companies  and  to  the  public  as  a  whole.  As 
part  of  the  campaign  to  inform  the  public  on  all  matters 
affecting  the  electrical  utilities,  member-companies 
throughout  the  country  will  be  aided  in  carrying  on  this 
work  and  in  turn  will  be  called  on  for  assistance.  This 
department  will  assist  in  the  organization  of  state  com- 
mittees on  public  utility  information  and  will  act  as  a 
clearing  house  for  the  committees  already  formed  and 
those  which  will  be  organized  during  the  coming  year. 
This  department  recognizes  the  fact  that  all  publicity 
problems  which  are  purely  local  in  character  or  extent 
must  be  handled  exclusively  by  local  member-compinies 


01  by  state  associations  or  geographic  divisions ;  but  it  is 
conceded  that  many  of  the  problems  and  conditions 
which  confront  the  electric  light  and  power  companies 
are  common  to  all  and  should  therefore  be  handled 
through  the  national  department.  The  department  of 
publicity  will  supervise  the  monthly  Bulletin  of  the  As- 
sociation and  will  distribute  to  the  membership  letters  of 
information  regarding  activities  of  the  Association  and 
developments  within  or  affecting  the  industry'. 

Upon  the  recommendation  of  the  technical  section, 
approved  by  the  national  executive  committee,  an  engi- 
neering department  will  immediately  be  established,  un- 
der the  supervision  of  a  director.  This  department  is 
about  to  engage  in  gathering  statistics  and  formulating 
a  program  on  the  practical  engineering  problems  which 
tcday  affect  the  industry,  and  will  deal  particularly  with 
inductive  interference,  the  Safety  Code  and  electrolysis. 

A  department  dealing  with  committee  activity  has 
been  formed  and  is  under  the  direction  of  Mr.  A.  J'^ck- 
son  Marshall,  committee  secretary.  The  service  of  this 
department  is  offered  to  die  various  committees  to  the 
end  that  the  work  of  committees  may  be  co-ordinated, 
duplication  of  committee  activity  avoided,  and  con- 
tinuity of  committee  and  section  activity  assured. 

The  accounting  department  is  in  charge  of  the  ac- 
counts of  the  Association,  as  well  as  the  membership 
lists  and  the  mailing  of  all  material  to  the  membership. 

Many  prominent  executives  of  central  station  com- 
panies can  testify  to  the  value  of  the  N.  E.  L.  A.  Edu- 
cational courses,  which  have  been  taken  advantage  of 
by  the  members  of  organizations  of  member  companies 
fc  r  many  years.  As  in  the  past,  these  educational 
courses  will  be  available  through  the  department  of 
education,  headed  by  Mr.  Fred  R.  Jenkins,  with  head- 
quarters at  Chicago.  The  rapid  grow-th  of  classes  in 
every  .State  is  the  best  illustration  of  the  appreciation  of 
these  courses  by  members  of  organizations  of  central 
station  companies. 

Renewed  interest  has  been  shown  in  the  organiza- 
tion of  company  sections,  and  a  department  operating 
in  conjunction  with  the  committee  on  company  sections 
and  employees'  clubs  is  contemplated.  The  province  of 
this  department  will  be  to  assist  in  the  organization  of 
company  sections  and  employees'  organizations  through 
correspondence,  suggestions  and  field  work  where  nec- 
essary. 

While  the  organization  at  headquarters  was  being 
perfected,  the  officials  of  the  National  Association  were 
obtaining  the  views  of  the  representatives  of  member 
companies  in  attendance  at  state  association  conventions 
and  geographic  division  conferences,  and  by  written 
questionaire.  As  a  result  of  this  investigation,  a  spe- 
cial committee  on  reorganization  was  appointed  and  the 
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completed  plan,  visualized  by  a  chart  and  supported  by 
the  i)roposed  constitutional  amendments  necessary  to 
bring  about  the  machinery  for  the  organization,  will  be 
submitted  to  the  membership  and  will  be  voted  upon 
al  the  convention  at  Pasadena,  May  i8th  to  22nd. 

On  October  ist,  1919,  there  were  five  geographic 
sections  of  the  National  Electric  Light  Association, 
composed  of  two  or  more  states,  and  seven  state  geo- 
graphic sections.  Twenty  state  electrical  or  public  utili- 
ties associations  existed  which  were  not  affiliated  with 
the  National  Electric  Light  Association,  although  the 
electric  central-station  membership  of  these  twenty 
state  associations  were,  with  few  exceptions.  Class  A 
members  of  the  National  Association. 

The  field  work  carried  on  since  October  ist  not 
only  has  demonstrated  that  the  work  of  the  Nati(vnal 
Association  should  be  decentralized  to  a  considcable 
extent,  and  that  the  country  should  be  divided  into  geo- 
graphic divisions,  but  that  there  is  a  unanimous  de- 
mand for  the  program  of  the  geographic  sections  com- 
mittee, which  provides  for  the  division  of  the  country 
into  thirteen  geographic  divisions,  including  Canada,  as 
defined  and  named  on  the  accompanyng  map.  The 
rational  executive  committee  may,  on  its  own  motion 
or  upon  the  application  of  one  or  more  adjacent  geo- 
graphic divisions,  modify  the  boundaries  or  add  io  or 
subtract  from  the  existing  number  of  geographii" 
divisions. 

The  proposed  plan  provides  two  methods  of 
geographic  division  organization.  Within  certain  geo- 
graphic divisions  there  exist  strong  and  active  state  elec- 
trical associations  or  state  public  utilities  associations, 
while  in  others,  where  no  state  association  machinery 
exists,  the  geographic  division  carries  on  the  activities 
of  the  membership  within  the  division.  Thus,  it  will 
be  seen  that  the  Northwest  Electric  Light  &  Power  As- 
sociation, for  example,  may  continue  to  hold  its  annual 
convention  and  its  executive  conferences  or  committee 
meetings  without  regard  to  state  boundaries,  \\'h':\<:  the 
proposed  Great  Lakes  Division,  for  example,  composed 
of  the  states  of  Wisconsin,  Michigan,  Indiana,  and  Illi- 
nois (two  of  which  had  been  affiliated  with  the  National 
Association  as  state  geographic  sections,  while  the  other 
two  were  unaffiliated),  will  function  through  a  geo- 
graphic conference,  composed  of  delegates  from  the 
four  state  associations,  who  will  select  the  officers  of  the 
Great  Lakes  Division  and  carry  on  the  activities  of  the 
National  Association  within  the  boundaries  of  the 
division,  the  state  associations  continuing  to  function  in 
all  local  matters  and,  in  addition,  carrying  on  their  ac- 
tivities as  integral  parts  of  the  geographic  division  of 
the  National  Association. 

The  purpose  of  geographic  division  organization  is 
to  decentralize,  where  possible,  the  activities  of  the  Na- 
tional Association  and  harmonize  the  work  of  the  state 
association,  geographic  division,  and  National  Associa- 
tion through  co-ordination  of  all  committee  activities 
from  the  state  association,  through  the  geographic 
division,   and   finallv   into   the  executive   committees  of 


the  National  Association.  Where  state  public  utilities 
associations  exist,  it  is  proposed  that  the  electric  light 
and  power  branch  or  division  of  the  state  association 
affiliate  as  part  of  the  geographic  division. 

Assistance  in  financing  the  geographic  divisions  will 
be  provided  upon  budgetary  appropriation  from  the  dues 
paid  to  the  National  Electric  Light  Association.  The 
needs  of  each  geographic  division,  in  budget  form,  will 
be  presented  for  approval  to  the  national  executive 
committee  by  the  representative  of  each  geographic 
division  upon  the  national  executive  committee. 

Under  the  proposed  plan,  there  will  be  four  Na- 
tional Sections; — the  Public  Relations  National  Sec- 
tion, Technical  National  Section,  Accounting  National 
Section,  and  Commercial  National  Section.  In  addition 
to  these  .sections,  which  are  really  departments  of  the 
Associations,  there  will  be  general  and  special  commit- 
tees appointed  by  the  President,  whose  scope  of  activity 
will  be  territorial  or  national: — for  example,  committees 
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KIG.    I — PROl'OSEl)    N.    E.   L.    A.    GEOGRAPHICAL  DIVISIONS 

I.  Eastern,  2.  East  Central,  3.  Great  Lakes,  4.  Middle 
Atlantic,  5.  Middle  West,  6.  New  England,  7.  North  Central, 
8.  North  West,  g.  Pacific  Coast,  10.  Rocky  Mountain,  II. 
Southeastern,   12.  Southwestern.    13.  Canadian   Electrical   Asso- 

ciatiiiiK 

on  water  jjovver  development,  electriiicaiion  of  steam 
railroads,  electrical  resources  of  the  nation,  general 
membership,  national  public  policy. 

There  has  been  comparatively  no  activity  in  the  Na- 
tional Association  pertaining  to  the  relationship  of  the 
central  station  with  the  public,  and  the  proposed  public 
relations  national  section  is  intended  to  provide  ma- 
chinery for  the  treatment  of  all  subjects  relating  to 
management,  public  policy  and  relations  with  the  public, 
such  as  federal,  state  and  municipal  legislation  and  regu- 
lation ;  federal,  state,  and  municipal  taxation ;  uni- 
formity of  laws,  principles  of  valuation  and  deprecia- 
tion under  commission  regulation ;  public  information 
through  state  committees  on  public  utility  information; 
:'.nd  public  utility  financing,  including  customer  owner- 
ship of  securities,  municipal  ownership,  co-operation 
within  the  industry  and  all  subjects  of  similar  nature 
which  heretofore  have  been  handled  by  other  national 
sections  and  committees  of  the  Association.  The 
officers  of  the  public  relations  national  section  will  be  a 
chairman,  vice-chairman,  and  executive  committee  con- 
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sisting  of  five  members  at  large,  to  be  elected  at  the 
national  convention  or  national  conference  of  the  As- 
sociation, and  the  chairman  of  the  public  relations  sec- 
tion of  each  of  the  thirteen  geographic  divisions  of  the 
Association.  The  activities  of  the  public  relations  sec- 
tion within  the  geographic  division  wll  be  controlle-1  by 
an  executve  comittee  consisting  of  the  chairman  of 
each  of  the  state  associations'  committee  on  public  re- 
lations. The  membership  of  the  public  relations  na- 
tional section  will  consist  of  the  executive  officers  of 
Class  A  member  companies. 

The  proposed  technical,  accounting,  and  commercial 
national  sections  are  substantially  the  same  in  character 
and  structure  as  exist  at  present,  except  as  their  organi- 
zation is  affected  by  automatic  representation  from  state 
and  geographic  divisions,  as  now  proposed. 

The  chairman  of  each  of  the  four  national  sections 
will  become  a  member  of  the  national  executive  com- 
mittee of  the  Association,  and  will  present  to  the  na- 
tional executive  committee  the  section  program  for  the 
administrative  year  for  approval. 

The  public  relations  national  section  will  be  repre- 
sented on  the  national  public  policy  committee  by  four 
members  of  the  executive  committee  of  the  section,  who 
shall  be  recommended  by  the  chairman  of  the  section 
and  endorsed  by  the  chairman  of  the  national  public 
policy  committee. 

The  national  executive  committee  of  the  National 
Electric  Light  Association  will,  in  addition  to  the  chair- 
man or  representative  of  each  of  the  thirteen  geographic 
divisions  and  the  chairman  of  each  of  the  four  na':ional 
sections,  have  nine  members  at  large  (three  of  whom 
will  be  representatives  of  manufacturing  companies), 
who  shall  be  elected  at  the  national  convention  or  na- 
tional conference  of  the  association,  and  the  following 
officers   of   the   National   Electric   Light   Association — 


president,  four  vice-presidents,  and  treasurer,  who  will 
also  be  elected  at  the  national  convention  or  national 
conference. 

This  method  of  selection  of  the  members  of  the 
national  executive  committee  is  indeed  democratic,  and 
results  in  a  more  ecjuitable  representation  from  the  en- 
tire country.  Under  the  existing  scheme  of  organiza- 
tion, the  presidents  of  geographic  divisions  are  not  m.em- 
bers  of  the  national  executive  committee  but  are  per- 
mitted to  attend  the  meetings  of  the  committee  and  en- 
titled to  cast  a  total  of  two  votes,  while  the  chamnen 
of  the  national  sections  have  not  been  members  of  the 
national  executive  committee,  although  permitted  to  at- 
tend meetings  of  the  committee  and  entitled  to  one 
collective  vote. 

With  one  or  two  exceptions,  the  geognphic 
divisions  have  either  permanently  or  temporarily  or- 
ganized, and  thus  the  machinery  to  carry  out  the  pro- 
gram for  1921  and  the  years  to  follow  is  provided, 
should  the  program  be  officially  approved  by  the  mem- 
bership in  convention. 

The  plan  of  organization  provides  for  complete  co- 
operation between  all  branches  of  the  industry  by  invit- 
ing the  manufacturer,  contractor-dealer,  and  jobber  to 
take  a  definite  part  in  the  work  of  the  Association,  but 
does  not  contemplate  absorption,  consolidation,  or  aban- 
donment of  the  national  organizations  of  any  of  the 
different  branches  of  the  industry.  In  other  words,  the 
entire  plan  of  organization  is  based  upon  the  co-ordina- 
tion of  the  interests  and  activities  of  the  industry  in 
the  several  states,  working  through  state  associations, 
where  they  exist,  and  thence  through  geographic 
divisions  into  the  executive  committees  of  the  National 
Association,  so  that  every  member  company  and  its  in- 
dividual membership  shall  have  a  voice  in  the  program 
and  management  of  the  Association. 
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VVm.  T.  Reace 

Contract  Dept., 

Commonwealth  Edison  Company 


AS  THE  electrical  appliance  has  passed  from  the 
state  of  experiment  and  novelty  to  that  of  per- 
fection and   necessity,   so  has  the  art   of   mer- 
chandising as  practiced  by  the  central  station. 

Central  stations  have  found  they  must  not  treat  this 
business  as  electrical  merchandising,  but  rather  as  mer- 
chandising of  electrical  goods.  By  this  distinction  is 
meant  that  electrical  goods  must  be  sold  in  accordance 
with  modern  merchandising  principles.  They  cannot 
be  treated  on  new  and  special  principles  just  because 
the  word  "electrical"  is  attached.  The  housewife 
wishes  to  buy  electrical  goods  with  the  same  ease  and 
service  that  she  purchases  food,  clothing  or  furniture. 
The  same  methods  of  advertising,  sales  and  service  that 
appeal  in  the  case  of  other  essentials,  also  appeal  in  the 
case  of  electrical  appliances.     Newspaper  advertising  is 


as  effective  to  the  electrical  goods  merchant  as  it  is  to 
the  merchant  of  shoes,  dry  goods  or  groceries,  but  in 
addition,  the  central  station  has  at  its  command  a  direct 
m.ethod  which  is  automatically  selective.  The  electric 
light  bill  must  be  sent  regularly  to  all  customers,  and  the 
customers  of  the  central  station  are  the  live  prospects 
for  electrical  merchandise.  Stubs  of  electric  light  bills, 
enclosures,  return  postals,  all  of  these  and  many  other 
forms  of  advertising,  may  be  distributed  in  connection 
with  the  electric  light  bill  at  a  minimum  cost.  Although 
the  central  station  will  not  need  to  resort  to  bargain 
sales  or  cut  prices,  occasional  clearances  of  soiled  or 
obsolete  stock  will  be  found  profitable.  Sales  efforts  of 
the  modern  central  station  will  fall  in  three  main 
divisions. 
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First : — Sales  of  wiring  supplies  and  fixtures  to 
dealers,  contractors,  manufacturers,  etc. 

Second : — An  outside  force  of  salesmen  calling  on 
resident  customers  for  the  purpose  of  soliciting  mer- 
chandise sales. 

Third : — The  retail  store,  with  possibly  several 
branches  in  the  city,  where  electrical  goods  are  dis- 
played, demonstrated  and  sold. 

The  first  division  will  not  be  treated  in  this  paper, 
which  will  be  confined  more  strictly  to  household  appli- 
ances. 

Outside  salesmen  may  be  divided  into  two  classes; 
those  assigned  to  certain  territory  in  which  they  v^'ork 
from  the  office  as  a  general  headquarters,  and  those  who 
go  out  on  special  campaign  work,  which  will  be  dis- 
cussed later. 

Salesmen  under  the  first  class  may  be  appliance 
salesmen  only,  or  they  may  be  salesmen  who  sign  appli- 
cations for  light  and  power,  and  also  sell  appliances  at 
the  time  they  are  making  other  calls.     Some  companies 


\  acuum  cleaners  and  even  washing  machines  may  be 
handled  in  this  manner  to  great  advantage.  An  in- 
genius  harness  has  been  devised  which  enables  two  men 
easily  to  carry  a  washing  machine  from  the  wagon  to 
the  customer's  basement  for  demonstration.  A  demon- 
stration on  the  customer's  premises  is  half  the  sales 
battle. 

In  the  third  class,  or  retail  stores,  the  method  of 
procedure  follows  the  best  principles  of  other  retail 
merchandising.  An  attractive  store,  well  trimmed 
windows,  efficient  salespeople,  assorted  stock,  all  are  of 
first  importance.  In  this  connection,  experience  has 
taught  that  certain  non-current  consuming  articles,  such 
as  flashlights,  trays  for  percolators,  clothes  racks,  etc., 
must  be  kept  to  satisfy  the  public  who  expect  and  wish 
to  buy  these  articles  where  they  buy  their  electrical  ap- 
pliances. If  they  must  go  to  some  department  store  for 
these  things,  it  will  be  only  natural  for  them  to  buy 
their  electrical  appliances  at  the  same  place.  Consider- 
ing the  fact  that  these  non-electrical,  but  closely  related 


FIG.    I       F.NTKAMK  AMI  SHOW   \Vl.\UO\V  OF  ELECTRIC  SHOP 
FROM    LOBBY 

have  found  that  it  is  desirable  to  encourage  appliance 
selling  by  all  employees  who  visit  the  customers  pre- 
mises, such  as  meter  readers,  inspectors,  etc.  Certainly 
household  appliances  may  be  sold  efficiently  through  the 
efforts  of  any  central  station  salesman  whose  duties 
bring  him  in  contact  with  resident  customers. 

In  the  second  class  of  work  mentioned,  namely, 
campaign  work,  some  varied  form  of  the  following  pro- 
cedure has  been  found  successful.  Selling  crews  (an 
old  idea)  are  formed,  and  the  men  under  the  direction 
of  a  crew  manager  are  assigned  small  blocks  of  terri- 
tory. When  the  assignment  has  been  covered  to  the 
satisfaction  of  a  salesman,  he  reports  to  his  manager 
and  is  reassigned.  On  such  work,  salesmen  should 
carry  a  demonstrating  sample  of  a  least  one  article,  as 
for  instance,  a  vacuum  cleaner.  If  the  campaign  is  on 
small  articles,  such  as  irons,  toasters  and  percolators, 
then  often  a  sample  of  each  can  be  carried.  If  arrange- 
ments can  be  made  to  deliver  the  sample  at  the  time  the 
sale  is  made,  this  method  can  be  found  most  effective. 
When  a  salesman  can  enter  the  customer's  premises  and 
connect  and  demonstrate  an  appliance,  there  is  present 
a    sales    opportunity    unequalled    at    any    other    time. 


2 — niSTLAV     AND     SAI.F.S     kUOM 
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articles,  carry  good  profits,  and  that  they  bring  the  cus- 
tomers into  the  electric  shop,  no  excuse  is  necessary  for 
stocking  them. 

In  the  last  year,  deferred  payments  have  proven  to 
be  very  popular  with  the  public  and  are  a  great  builder 
of  sales.  The  central  station  company  is  in  an  excellent 
position  to  give  deferred  payments,  because  the  billing 
and  collecting  on  merchandise  sales  can  be  done  along 
with  the  electric  light  bills.  Furthermore,  these  pay- 
ments will  bring  the  customer  into  the  electric  shop  a 
greater  number  of  times  yearly,  and  the  monthly  arrival 
of  the  bill  will  freshen  in  their  minds  the  fact  that  the 
central  station  company  can  furnish  any  other  electric 
appliances  they  may  desire.  Also,  past  experience  with 
the  customer's  light  bill  can  be  used  as  a  basis  in  de- 
termining the  allow-ance  of  credit. 

Another  successful  method  to  secure  more  frequent 
visits  to  the  electric  shop  is  the  issuing  of  stamps  or 
coupons  redeemable  for  merchandise  handled  by  the 
Electric  Shop.  These  coupons  are  sold  at  small  cost  to 
local  merchants  who  distribute  them  at  a  prearranged 
rate  with  purchases.  Special  advertising  certificates 
may  be  issued  by  the  central  station  company,  and 
mailed   with   the  electric   shop  bill.     These   certificates 
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are  redeemable  for  a  certain  fixed  number  of  coupons 
when  presented  at  the  redemption  desk  in  the  electric 
shop,  or  one  of  its  branches.  The  amount  of  coupons 
redeemable  may  be  standard  and  have  no  bearing  on  the 
amount  of  the  electric  light  bill. 

One  branch  of  merchandising  which  is  yearly  show- 
ing great  increase  is  that  of  the  industrial  appliances — 
glue  pots,  soldering  irons,  branding  irons,  etc.  This 
class  of  merchandising  differs  mainly  because  of  the 
necessity  of  engineering  service  in  connection  therewith. 
Many  heating  appliances  and  industrial  appliances  of 
kindred  use  must  be  designed  for  the  individual  case  in 
hand,  but  when  such  service  is  given,  the  remuneration 
in  merchandise  sales  and  monthly  income  is  very  good. 
This  field  promises  large  opportunities  in  the  future  for 
the  extension  of  electrical  service  to  industrial  needs. 

The  one  great  need  in  the  American  home  today  is 
appliance  outlets  in  walls  and  baseboards.  Central  sta- 
tions should  make  special  efforts  to  encourage  a  goodly 
number  of  basebard  outlets  in  all  homes  that  are  being 
wired.  If  the  central  station  is  doing  the  wiring,  they 
can  offer  a  premium  to  the  salesman  for  each  extra 
baseboard  outlet  secured  and,  regardless  of  who  does 
the  wiring,  extensive  advertising  and  educational  litera- 
ture should  be  circulated.  Particular  attention  should 
be  paid  to  the  architect  to  encourage  him  in  recommend- 


ing these  appliance  outlets  when  submitting  building 
plans. 

Another  important  phase  of  electrical  merchandis- 
ing is  the  testing  of  all  articles  before  they  are  sold. 
The  larger  central  stations  have  found  it  is  very  de- 
sirable to  maintain  a  laboratory  for  testing  electrical  ap- 
pliances. When  a  new  appliance  is  offered  on  the  com- 
mercial market,  the  sample  or  samples  are  tested  both  as 
to  workmanship  and  material,  and  also  as  to  perform- 
ance and  durability.  The  smaller  central  stations, 
which  cannot  afford  to  maintain  their  own  laboratory, 
can  benefit  from  the  findings  of  such  laboratories  as 
the  Good  Housekeeping  Institute,  National  Testing 
Laboratory  of  New  York,  etc.  The  National  Electric 
Light  Association  has  appointed  a  committee  to  study 
the  possibility  of  standardization  of  tests,  and  possibly 
the  foundation  of  a  central  testing  laboratory  for  the 
mutual  use  of  central  stations,  contractors,  dealers  and 
manufacturers. 

The  present  year  of  1920  has  opened  as  a  wonder- 
ful year  for  electrical  merchandising.  On  every  hand 
new  factories  and  factory  additions  are  being  built. 
Manufacturers  are  promising  double  and  triple  capacity 
in  the  near  future.  The  public  is  demanding  these  elec- 
trical necessities,  and  the  progressive  central  station  can 
ill  afford  to  miss  this  golden  opportunity'. 
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The    purpose    of    this    section    \%    to    present 

accepted  practical  methods  used  by  operating 

companies    throughout    the    country 


The   co-operation    of   all   those   intereited   in 

operating  and  maintaining  railway  equipment 

is    invited.      Address    R.    O.    D.    Editor. 


Armature  Troubles  Resulting  from  Broken  Motor  Leads 


The  breaking  or  burning  off  of  the  cables  connecting  the 
motors  to  the  car  body  has  been  a  continual  source  of  trouble 
in  the  operation  of  street  railway  equipment.  This  ailment  has 
been  chronic  and  of  long  standing  but  only  in  recent  years, 
since  the  advent  of  the  light  weight  ventilating  motor,  has  it 
developed  one  of  its  most  serious  phases. 

In  connection  with  an  investigation  of  roasted  armatures 
on  several  different  properties,  a  number  of  cases  of  broken  or 
burned  off  cables  were  associated  with  this  trouble.  In  all  of 
these  cases,  the  cars  were  equipped  with  four  light-weight 
ventilated  motors  and  type  K  series  and  parallel  control,  con- 
nected as  shown  in  Fig.  i.  Although  it  was  impossible  to  pro- 
duce convincing  evidence  that  these  two  troubles  were  allied 
and  that  the  broken  cables  were  responsible  for  the  roasted 
armatures,  the  results  of  the  investigations  pointed  that  way, 
as  shown  by  the  following  analysis : — 


No    3  MDIor  No    4   Motor 

FIG.    I — CONNECTIONS    OF    MOTORS    IN    SERIES    POSITION 

Assume  that  No.  3  motor  has  an  open  circuit,  due  to  either 
field  or  armature  leads  being  broken  or  burned  off,  and  that 
thecar  is  continued  in  service.  With  the  control  in  any  of  the 
series  positions,  No.  I  motor  receives  double  the  current  taken 
by  the  No.  2  or  No.  4  motors.  This  means  that  No.  i  motor 
has  an  increased  torque  and  tends  to  take  too  much  of  the  load. 
With  the  control  in  any  of  the  parallel  positions,  the  load  is 
equally  divided  between  the  three  motors,  /,  2  and  4.     Depend- 


ing upon  service  conditions,  such  as  headway,  schedule,  location 
ol  turn-outs  on  single  tracks,  congestion  of  trafRc,  etc.,  the 
amount  of  series  running  will  vary  on  different  properties, 
which  would  determine  how  much  excess  current  No.  I  motor 
would  receive. 

When  these  conditions  are  known  to  exist,  the  logical  thing 
lor  the  motorman  to  do  is  to  cut  out  the  No.  I  and  No.  S 
motors  and,  operating  the  car  with  the  other  two  motors,  turn 
it  into  the  barn  for  repairs.  In  a  good  many  cases,  however, 
cars  are  continued  in  sen-ice  with  the  motors  operating  in  this 
unbalanced  condition,  which  is  discovered  only  when  they  are 
given  their  regular  light  inspections,  which  are  usually  from  7 
to  15  days  apart.  This  means  that,  operating  under  these  con- 
ditions, No.  I  motor  has  had  a  number  of  short  time  overloads, 
resulting  in  overheating  of  the  winding.  This  overheating  may 
not  cause  the  motor  to  fail  at  the  time  the  damage  is  done, 
but  the  insulation  has  been  charred  and  its  life  shortened. 
Some  time  later  the  windings  on  this  motor  will  either  ground 
01-  short-circuit,  due  to  the  poor  condition  of  the  insulation, 
and  when  examined  the  motor  will  be  reported  as  haviiig  a 
roasted  armature.  It  becomes  quite  difficult  to  locate  the  direct 
cause  of  the  roasting,  as  the  conditions  responsible  for  this 
trouble  may  have  happened  weeks  before,  and  have  been 
remedied  without  any  thought  to  the  possible  damage  done  to 
the  windings  of  the  running  mate  of  the  motor  with  a  broken 
or  burned  off  cable. 

SERVICE  TEST  DUPLICATING  ABOVE   CONDITION.S. 

In  order  to  get  some  comparative  data  as  to  the  current 
t.iken  by  a  motor  when  the  car  is  in  good  condition,  and  with 
a  motor  having  a  broken  or  burned  off  cable  lead,  a  special  car 
was  taken  out  on  the  road  and  the  following  tests  and  observa- 
tions were  made  as  show-n  in  Table  I. 
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Coiidilions  of  Test 

a— Test  car  was  a  special  and  had  no  passenger  load. 

b — Ammeter  was  connected  in  series  with  the  car  cir- 
cuit breaker. 

c — Rail  clean  and  dry. 

d — Trolley  voltage  high,  575  to  585. 

e — All  observations  were  taken  on  a  grade  at  the  same 
location  for  each  test. 
Remarks 

o — Commutation  of  motors  was  sparkless. 

t — Wheels  did  not  slip. 

c — Slightly  increased  noise. 

d—Ca.T  speeds  during  tests  2  and  3  about  normal. 

c— Motorman  was  not  able  to  tell  whether  one  motor 
was  out  by  the  operation  of  the  car. 

TABLE  I— TEST  DATA 


6  0 
2H 

Motors 

1 

3          Control        Amperes 
^          Position       V"  Motor 

J<                                   '-'34 

I 
2 

3 

4 

All  motors  cut  in 

.'\11  motors  cut  in 

(Brushes  out  of  No.  3) 

All  motors  cut  in 
(Brushes  out  of  No.  3) 
.\'o.  I  and  No.  3  cut  out 
No.  2  and  No.  4  cut  in 

212 
96 
192 
160 

Full  parallel   53  53  53  53 
Full  series      9648   0  |8 
Full  parallel   6464   064 
Full  series*      080   080 

*Notc  that  the  full  series  position  on  the  controller  niacins  No  J 
and  No.  4  motors  in  parallel  across  the  line  voltage  when  No  1  unci 
No     3  .motors    arc    cut   out. 

The  overload  conditions  on  a  car  in  service  might  be  very 
much  worse  than  that  shown  by  test  car,  due  to  any  of  the 
followitig  conditions : — 

/ — Increased  car  weight  due  to  passenger  load. 
'—Heavier    grades    encountered    on    other    parts    of 
.system. 

S — Reduced  trolley  voltage. 

/—Rapid   notching  up  of  control  and   rough  handling 
of  car  by  careless  and  indilTerent  molormen. 

5— Possibility  of  defective  or  tight  brakes. 
The  results  of  this  test  indicated  that  one  motor  could  be 
open-circuited,  due  to  a  broken  or  burned  off  cable  lead,  and 
the  car  could  be  operated  with  the  motors  in  this  unbalanced 
condition  without  the  knowledge  of  the  motorman,  which  would 
result  in  overheating  the  windings  of  the  running  mate  of  the 
motor  with  the  open  circuit. 


Short  tiinc  overload  capacity  of  light  and  heavy  weight  motors 

The  reason  why  this  trouble  is  more  intimately  associated 
with  the  light  weight  ventilated  motor  will  be  better  understood 
after  soine  thought  has  been  given  to  the  following: — 

' — The  short  time,  overload  capacity  of  a  motor  de- 
pends upon  the  available  mass  of  metal  in  the  motor  to 
absorb  the  heat  generated,  by  the  heavier  currents  in  the 
windings  resulting  from  a  temporary  overload. 

.? — The  older  and  heavier  non-ventilated  type  of  motor 
rated  at  40  hp,  with  a  continuous  current  rating  of  35 
amperes,  weighs  2400  lbs. 

3 — The  modern,  light  weight,  ventilated  type  of  motor 
rated  at  40  hp,  with  a  continuous  current,  rating  of  35 
amperes,  weighs  1500  lbs. 

■/ — Before  the  general  use  of  ventilated  motors,  the 
application  of  motors  to  car  equipment  was  made  on  a 
basis  of  the  root  mean  square  current  required  to  meet  the 
service  conditions ;  and  this  current  is  represented  by  the 
continuous  rating  of  the  motor. 

Co«cii(jioH--Hence,  with  the  older  and  heavier  type  of 
motor  on  the  car  there  was  a  sullicient  mass  of  metal  avail- 
able to  absorb  the  heat  resulting  from  the  short  time  over- 
loading of  the  motor,  due  to  the  unbalanced  conditions 
resulting  from  a  broken  or  burned  off  motor  lead  and 
consequently  armatures  were  not  as  apt  to  be  roasted.  On 
the  other  hand,  the  light  weight,  ventilated  type  of  motor, 
weighing  62  per  cent  of  the  old,  heavy  type  motor,  and 
operating  under  the  same  service  conditions,  is  unable  to 
absorb  the  additional  heat  due  to  the  short  time  overload, 
and  its  temperature  rises  rapidly,  resulting  in  roasted 
armature  windings. 

PRECAUTIONS    SUGGESTED 

r — Provide  suitable  cleat?  to  hold  the  leads  securely 
to  the  outside  of  the  motor  frame,  as  suggested  in  Railway 
Operating  Data  for  April,  1920. 

2 — Provide  suitable  cleats  to  hold  the  leads  securely 
to  the  car  body. 

_? — Hang  the  leads  so  that  under  all  conditions  of 
operation  they  will  swing  free,  to  avoid  chafing  and  rubbing. 

./--Reinforce  the  leads  with  a  protective  armor. 

.5 — One  operating  company  has  provided  individual 
fuses  in  each  motor  circuit,  to  guard  against  excessive 
overloads. 

6 — Change  the  system  of  maintenance,  to  provide  for 
a  daily  inspection  of  motor  cable  leads. 

John  S.  Dean. 
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subscribers  are  invited  to  use  this  de;)artment  as  a 
i  securing  authentic  information  on  tiedrical  and 
mechanical  subjects.  Questions  concerning  general  engineer- 
ing theory  or  practice  and  que<;tions  regarding  apparatus  or 
materials  desired  for  particular  needs  will  be  answered. 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  querv.  All  data  necessar>-  for 
a  complete  understanding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available;  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 
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1875 — Transform  KR  Connections — We 
have  three  single-phase  transformers 
connected  as  shown  in  Fig.  (a),  the 
primaries  in  star  and  the  secondaries 
in  delta,  one  transformer  being  re- 
versed on  either  primary  or  secondary 
side.  Please  discuss  by  means  of  a 
vector  diagram  the  voltages  across 
each  transformer,  and  state  if  it  is 
possible  to  obtain  balanced  secondary 
voltages  if  the  sum  of  the  induced 
secondary  voltages  is  other  than  zero. 
We  encountered  difficulties  with  this 
connection.  Two  transformers  were 
of  additive  polarity  and  the  other  of 
subtractive   polarity. 

s.c.  (que.) 
A  single  trial  will  show  that  is  is  not 
feasible  to  operate  transformers  in  delta 
when  the  sum  of  the  induced  secondary 
voltages  is  other  than  zero.  This  is 
illustrated  vectorially  in  Figs,  (bl  and 
(c).  Fig.  (b)  shows  the  normal  voltage 


connection  which  gives  zero  voltage 
from  /  to  6.  It  is  safe  to  tie  leads 
/  and  6  together.  Fig.  (c)  shows  the 
same  connection  with  phase  5-6  reversed 
in  polarity,  giving  double  normal  phase 

p  1^/w,^     K^AvJ     rvvwl  P  P  l^v-^*!     Kvwl     Ivvwl  P 


FIGS.   1875(3),   (b)  and  (c) 

voltage  across  leads  /  to  6.  It  is  evi- 
dent that  an  attempt  to  fasten  together 
leads  /  and  6  will  produce  an  unfavor- 
able operating  condition.  However, 
where  the  internal  polarity  of  one  trans- 
former is  opposite  to  the  other  two,  the 


connections  in  Fig.  (a)  should  be  cor- 
rect, as  the  reversal  of  external  connec- 
tions merely  neutralizes  the  effect  of  the 
different  internal  polarities. 

C.R.R. 

1876— Split  Core  Current  Trans- 
FOR.MERs — Is  it  possible  to  take  fairly 
accurate  power- factor  measurements 
using  a  split  or  cable  testing  type  of 
current  transformer  in  conjunction 
with  the  potential  transformers  and 
power- factor  indicator?       D.c.    (wvo. ) 

Split-type  current  transformers  have 
a  large  phase  angle  as  compared  with 
other  types  of  current  transformers, 
but  they  should  in  general  give  sufficient 
accuracy  for  ordinary  measurements 
with  power-factor  meters.  Their  phase 
angle  is  not  sufficiently  small  to  give 
accurate  results  when  used  with  watt- 
less factor  meters,  where  the  wattless 
factor  is  small  j.f.p. 
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The  cut  above  represents 
tlie  resistance  wire  ised  on 
an  18.000  Ohm  Ward  Leo- 
nard Vitrohm  vitreous  en- 
amel resistor  unit.  (Object 
I  nlarged  about  5  diameters 
in   reproduction.) 


Actual  Size 

18000  ohms  'tJT'' 


wire 


Ward  Leonard 


Resistor  Unit  with  Vitreous  Enameled  Insulation 


The  only  reason  that  such  fine  wire 
will  live  is  because  it  is  protected  from 
atmospheric  conditions. 
The  proof  that  Ward  Leonard  Vitrohm, 
Vitreous  Enamel  does  protect  from 
atmospheric  conditions  is  that  these 
units  do  live  and  give  as  good  satis- 
faction as  low  ohm  units  which  are 
made  of  heavier  wire. 
The  proof  that  there  is  no  equivalent 
to  Ward  Leonard  Vitrohm,  Vitreous 


Enamel  and  Ward  Leonard  manufact- 
uring processes  is  shown  because  no 
one  else  ever  made  such  a  unit  of  these 
ohms  in  this  space  in  one  layer  of  wire. 

All  Ward  Leonard  units  of  whatever 
ohms  or  capacity  are  protected  by  Ward 
Leonard  Vitrohm,  Vitreous  Enamel. 
The  proof  is  sufficient  that  these  units 
are  protected,  will  live,  are  the  best  to 
use,  are  the  lightest  in  weight,  and  the 
smallest  in  size.      Get  a  free  sample. 


Ward  Leonard|/i*ectric  Company 


Westburg   Engineering    Co..    Chicago 
Walter  W.  GaskUl.  Boston 
Wm.   Miller  Tompkins,    Fhiladelpbia 
Sperry  &  Bittner.  Pittsburgh 


'yWount  , 
Vernon, 
Xevvybrk, 


Electiric  Material  Co..  San  Francisco 
Walter  P.  Ambos  Co..   Cleveland 
Electrical    Specialties    Co.,    Detroit 
Lymaji  C.  Reed.  New  Orleans 
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NATIONAL  SAFETY  SECTION 


BELTS  AND  BELT  GUARDS 

(^ontintietl 


RIVETS 

These  connections  offer  the  possibility 
of   ragged  ends  on  the  opened  rivet. 

LINK   FASTENERS 

Certain  forms  of  this  type  avoid  the 
need  of  clinching,  but  they  are  seldom 
suitable  for  better-class  use.  Ihey  are 
difficult  to  align  and  present  open  jomts 
that  may  easily  catch  a  garment. 

GUARDS    FOR    OVERHEAD    BELTS 

Huih    Transmission— Any    portion    of 
an  overhead  belt  which  is  7  ieet  or  less 
from  the   floor,  or  wh.ch   must  be   ap 
proached    while    m    motion,    should    be 
guarded     on     the     sides     and     bottom. 
Heavy  or  fast-running  belts  more    han 
r  feet  above  the  floor,  so  located  that, 
should  they  break,  they  would  endanger 
persons  below,  should  be  guarded  under- 
neath    As  to  what  constitutes  a  heavy 
or   a    fast-running   belt    opinions   vary 
some   engineers   believe  /hat    if    a   beU 
located  as  above  is  6  inches  or  more  in 
S  an'd  the  s,«.ed  is  30  feet  or  more 
per  second,  the  belt  should  be  parded^ 
^'he  state  of  New  Jersey  "^l--^,*^ 
belts  6  inches  or  more  in  width,  so  loca 
ted  that  breakage  would  endanger  pe- 
sons    below,    shall    be    guarded    under 
nea  h  and  that  the  guards  shall  extend 
rt  wall  or  ceiling  in  such  a  manner 
as   to   retain   the   belt   should   it   break. 
The  Stafe  of  Pennsylvania  has  a  simi- 
lar rule,  but  places  the  "'■dth  of  the  bei 
at    ID    inches   or    more.     The    btate    01 
Massachusetts    requires    that    overhead 
belts   12   inches  or  more   in   width   ana 
running  30  feet  or  tno-Per  second    o^ 
r-.ted     over     passageway     or     worKing 
ntaces    shall   be   guarded.     Such   guards 
Ssualy  are  constructed  with  frames  and 
b«ces  of  rolled  shapes,  with  a  filler  of 
w"e     mesh,     expanded     or     Perff-^- ^^^ 
r/tal    lattice     It     s    obvious    that    the 
Sd,  should  be  capable  of  withstand- 
ing not  only  the  weight  of  the  belt    but 
blows  or  stresses  due  to  the  possible  en- 
tanglement   of    the    belt.     Such    guards 
are    usually    of    the    hanging    type    and 
should  be  smooth  on  the  inner  surfaces 
of   a   greater  width   than   the  belt,  and 
shottld^be  brought  up  around  the  pu  ley 
upon  which  the  belt  travels  downward 
to     avoid     the     broken     end     whippmg 
around  the  guard. 

GUARDS       FOR       VERTICAL       AND       INCLINED 
BELTS 

Low  Transmission— AW  vertical  and 
inclined  belts  (some  authorities  except 
cone-pulley  belts  and  belts  i  inch  or 
less  in  width)  should  be  so  guarded 
that  a  hand  or  other  part  of  the  body 
cannot  project  through,  over,  around  or 
under  the  guard  and  be  caught  by  a 
moving  part.  Authorities  are  practically 
unanimous  that,  if  the  projection  be 
placed  IS  inches  or  more  from  any  mov- 
ing part,  a  height  of  3  feet,  6  inches  is 
sufficient  for  the  guard.  When  the 
guard  is  placed  less  than  15  inches  but 
not  less  than  6  inches  from  the  thing 
guarded,  the  heights  recommended  vary 
from  5   to  7  inches,  with  the  majority 


in  favor  of  a  guard  6  feet  high,  with 
openings  in  the  filler  not  greater  than 
1  %  inches.  If  the  clearance  is  less  than 
6  inches,  then  the  guard  should  be  6  feet 
high  with  no  opening  in  the  filler  larger 
than  V2  inches.  A  guard  should  not  be 
placed  so  far  from  the  thing  guarded 
as  to  invite  workmen  to  get  between  the 
guard  and  the  moving  parts,  or  so  far 
as  to  make  it  inconvenient  to  reach 
bearings,  etc.,  while  standing  outside 
the  guard.  It  is  recommended  that  the 
maximum  distance  at  which  a  guard  be 
placed  from  the  thing  guarded  should 
be  20  inches.  The  Safety  Council  ad- 
vocates the  following  safe  practices  as 
to  heights  of  guards  and  sizes  of  open- 
ings in  the  same : — 
Distance  from  Height  of  Size  of 
Thing  Guarded     Guard  Openings 

IS  to  20  in.        3  ft.  6  in. 
6  to  IS  in.        6  ft.  oft.  i'/4  in. 

o  to    6  in.        6  ft.  o  in.  'A  m. 

When  the  upper  part  of  a  horizontal 
belt  is  less  than  6  feet  from  the  floor 
level  the  belt  may  well  be  guarded  over 
the  top,  instead  of  carrying  the  guard 
up  6  feet,  or  a  3  foot  6  inch  railing 
should  be  placed  at  least  is  inches  and 
not  more  than  20  inches  horizontally 
from  the  edge  of  the  belt. 


FLOOR    OPENINGS 

When  belts  pass  through  a  floor  (or 
where  any  guard  is  placed  around  a 
floor  opening)  a  6  inch  solid  section  or 
toe-board  should  be  placed  at  the  bottom 
of  the  guard  to  prevent  objects  rolling 
or  being  kicked  through  the  floor  open- 
ing Where  belts  pass  through  open- 
ings in  a  floor  or  wall,  provision  should 
be  made  to  guard  against  friction  due 
to  the  belt  rubbing  on  the  edge  of  the 
opening.  The  placing  of  rollers  at  the 
two  edges  of  the  belt,  so  that  if  the  belt 
rides  to  one  side  it  will  strike  the  roller 
and  cause  less  wear  and  friction,  is  con- 
sidered better  practice  than  facing  the 
opening  with  sheet  metal,  as  is  some- 
times done. 

CONSTRUCTION     OF    GUARDS 

Metal  is  preferable  to  wood  in  the 
construction  of  guards.  Wooden  guards 
especially  if  oil  soaked,  increase  the 
fire  hazard;  they  also  are  more  expen- 
sive in  upkeep.  Metal  guards  are  prac- 
tically indestructible,  wear  better  and 
are  more  substantial.  Where  guards 
arc  subject  to  acid  fumes,  wooden 
guards  may  be  necessary,  however  All 
guards  should  be  of  rigid  and  substan- 
tial construction.  The  railing  guards, 
placed  from  is  to  20  inches  from  the 
moving  parts,  should  be  of  the  double 
type,  with  the  top  rail  3  ft.  6  inches  from 
the  floor  and  an  intermediate  rail  mid- 
way between  the  top  rail  and  the  floor. 
If  constructed  of  rolled  shapes,  their 
section  should  be  at  least  equal  to  that 
of  i'/4xi'/xi/i6  inches  angle  iron. 
When  the  railings  will  be  subjected  to 
considerable  handling  or  stresses,  2x2x'/4 
inch  angles,  or  their  equivalent,  should 
be  used.  If  constructed  of  pipe,  they 
should  be  not  less  than  i'^  inch  inside 
diameter.  If  constructed  of  wood,  the 
posts  should  be  not  less  than  2x4  inches. 


or  their  equivalent  section,  and  the  rails 
not  less  than  7/8x6  inches,  or  theirequi- 
valent  section.  Uprights  in  all  instances 
should  be  spaced  not  more  than  8  feet 
centers.  Preference  is  given  to  rail- 
ings constructed  of  rolled  shapes,  as 
they  are  less  likely  to  fail.  The  use  of 
wood  should  be  avoided  where  prac- 
ticable. Guards  consisting  of  frame 
work,  with  mesh  or  plate  filling,  will 
vary  as  to  strength  of  material  used 
according  to  the  area  of  the  guard.  If 
the  guard  is  6  ft.  in  height  and  fastened 
to  the  floor  without  other  support  or 
bracing,  the  metal  frame  of  the  guard 
should^  have  a  section  at  least  equal  to 
that  of  154x114x1/8  inch  angle  iron. 
The  filling  material  is  usually  attached 
to  an  angle  frame  by  means  of  34xi/8 
inch  flats,  fastened  to  the  angle  by 
3/16  inch  bolts  or  rivets,  spaced  not 
more  than  10  inch  centers,  or  by  ixi 
inch  wooden  strips  fastened  to  angle 
bv  3/16  inch  bolts.  Pef orated  or  sheet 
metal  should  be  bolted  or  riveted  di- 
rectly to  the  angle,  or  spot  welded.  I'or 
a  pipe  frame  a  1%  inch  open  seam  tube 
is  recommended  with  the  filler  clamped 
ill  the  seam  of  the  tubing. 

When  the  dimensions  of  the  guard 
are  not  more  than  3  feet,  or  where  it 
is  braced  every  3  feet,  the  frame  shou  d 
be  equivalent  in  strength  to  H^VA^n 
inch  angle  iron,  or  J4  inch  open  seam 
tubing. 

FILLER 

Filling  material  should  not  have  open- 
ings larger  than  yi  inch  when  the  guard 
is  placed  within  6  inches  of  a  moving 
part,  nor  larger  than  2  inch    (i'/^  inch 
recommended)   when  more  than  6  inch 
and  less  than  IS  inches  from  the  mov- 
ing part.     When  the  area  of  the  guard 
between  braces  is  4x4  feet  it  is  recom- 
mended that  wire  mesh  be  at  least  No. 
12  U.  S.  gauge,   1 1/2  inch  mesh  or  per- 
forated or  sheet  metal  of  at  least  No.  14 
gauge    but    10    gauge    is    recommended. 
No.     16     gauge,     perforated     or     sheet 
metal,    will    make    a    substantial    filler 
when   the   area  between   stiffeners   does 
not    exceed    3^3    feet.     The    filler    used 
for    smaller    areas   may   be    of    smaller 
gauge  metal,  but  a  gauge  smaller  than 
18   should   not  be   used  because   lighter 
weight   guards   have    a   short   life.     All 
guards  should  be  substantially  fastened 
in  place,  and,  where  it  is  necessary  to 
have   access   to   machinery,   portions   ot 
the  guard  should  be  arranged  to  swing 
or     slide.     All     sharp     edges     of     filler 
should    be    protected    and    where    hand 
holes  are  provided  the  edges  should  be 
reinforced    by    at    least    No.    24    gauge 
sheet  metal,  but  No.  18  gauge  is  recom- 
mended.    When   a   gate   or  door   is   re- 
quired,    it    is     recommended    that    the 
frame    be    at    least    equal    to    ix^xH 
inch  angle,  and  that  means  be  provided 
to  hold  it  securely  in  place. 


DESIGN    OF    GUARDS 

Care  should  be  exercised  in  the  de- 
sign of  guards  to  provide  convenient 
access  to  parts  which  must  be  repaired 
or  maintained.  This  may  be  done  by 
making  the  guards  movable  or  by  pro- 
viding doors  or  removable  panels. 
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And  Jones  is  Only 

One  of 

Thousands 

Killed  Each 

Year  in 

Accidents 


Saving  Jones  and  all  of  the  thousands — saving-  you  the 
dollars  which  each  accident  costs — is  the  mission  of  the 
National  Safety  Council. 

What  the  National  Safety  Council  Is 

Thirty-eight  hundred  industrial  concerns  co-operating  to 
prevent  accidents. 

What  It  Does 


It  helps  you  to  prevent  accidents.  It 
saves  money  for  you.  It  offers  the 
only  service  in  existence  that  is  com- 
prehensive enough  to  meet  present 
day  conditions  and  produce  results. 


It  offers — to  you,  individually,  and 
to  Industry,  as  a  whole — the  oppor- 
tunity to  reduce  all  accidents  75%. 
It  is  strictly  non-commercial  and 
non-profit-making. 


Write  the  Business  Division  for  Details 

National  Safety  Council 

Co-operative  Non-commercial 

168  N.  Michigan  Avenue,  Chicago 
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PASADENA  N.  E.  L.  A. 
CONVENTION  PROGRAM 

The  following  program  for  the  gen- 
eral, technical,  hydro-electric  and  com- 
mercial sections,  has  been  announced 
for  the  43rd  convention  of  the  National 
Electric  Light  Association  to  be  held  it 
Pasadena,  California,  May  18-22,  1920. 
In  addition  to  the  usual  technical  and 
commercial  meetings  an  elaborate  enter- 
tainment program  has  been  prepared. 
Three  special  trains  arc  to  be  provided 
for  the  convenience  of  visiting  delega- 
tions in  the  East,  information  regarding 
which  can  be  secured  at  the  national 
headquarters  at  20  West  39th  St.,  New 
York  City. 

FIRST  GENERAL  SESSION 
U'ediiesday,  May  igth,  9:30  A.  M. 

i_"\Velcome  to  California" — Hon. 
William  D.   Stephens,  Governor. 

2— Address  of  President— R.  H. 
Ballard. 

3— Committee  on  President's  Address. 

4— Report  of  Executive  Manager,  M. 
H.  Aylesworth. 

5 — Announcements. 

6— Report  of  Committee  on  Water 
Power  Development.  Franklin  T. 
Griffith,  Chairman. 

7 — Report  of  Committee  on  Rale  Re- 
search.    .Mcx  Dow,  Chairman. 

8— Report  of  Lamp  Committee.  Frank 
W.  Smith,  Chairman. 

9 — Report  of  Insurance  Expert.  W. 
H.  Blood,  Jr. 

10— Address  by  John  G.  Learned. 
Chairman   of   Commercial   Section. 

II — Report  by  J.  Paul  Clayton,  Chair- 
man, Merchandise  Sales  Bureau. 

SECOND  GENERAL  SESSION 
Thursday,  May  20th,  9:00  A.  M. 

1— Committee  Report  on  Company 
Sections— F.  A.  Birch,  Chairman. 

2_Committee  Report  on  Geographic 
Sections--R.  J.  McClelland,  Chairman. 

3-4 — Addresses.  Speakers  and  sub- 
jects to  be  announced. 

5 — Election. 

6 — Report  of  Committee  on  Constitu- 
tion and  By-Laws— W.  C.  L.  Eglin, 
Chairman. 

7 — Appointment  of  Committee  on 
Memorials. 

8— Appointment  of  Committee  on 
Resolutions. 

9— Report  of  Bureau  on  Advertising 
and  Publicity  Service— L.  D.  Gibbs, 
Chairman. 

10 — Paper  of  Committee  on  Service — 
S.  M.  Kennedy,  Chairman. 

II— -Report  of  Committee  on  Member- 
ship— Walter  Neumuller,  Chairman. 

12— Report  of  Treasurer— H.  C.  Abcll. 

13— Address  by  E.  O.  Edgerton.  (Title 
to  be  announced) 

THIRD  GENERAL  SESSION 
Friday,  May  21st,  0:00  A.  M. 

I — Address  by  Chairman  of  Account- 
ing Section- R.  \V.  Symes. 

2 — Report  of  Committee  on  Education 
—Fred  R.  Jenkins,  Chairman. 

3 — Report  of  Committee  on  Account- 
ing Education— Douglass  Bunictt,  Chair- 
man. 

4_Rcport  of  Committee  on  Relations 
with  Educational  Institutions— John  F. 
Gilchrist,  Chairman. 

5_Rcport  of  Committee  on  Accident 
Prevention— Chas.  B.  Scott,  Chairman. 

6— Report  of  Committee  on  Safety 
Rules. 
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7_Address  by  I.  E.  Moultrop,  Chair- 
man, Technical  and  Hydro-Electric 
Section. 

8— Report  of  Committee  on  Inductive 
Interference- A.  E.  Silver,  Chairman. 

() — Report  of  Committee  on  Electri- 
licalion  of  Steam  Railroads — Frank  M. 
Kerr,  Chairman. 

10 — Report  of  Committee  on  Com- 
mercial Service  and  Relations  with 
Customers- R.   F.   Bonsall,   Chairman. 

II— Paper  by  Carl  D.  Jackson  on 
"Trend  of  Regulation." 

12 — Report  of  Committee  on  Electrical 
Resources  of  the  Nation — M.  S.  Sloan, 
Chairman. 

FOURTH  GENERAL  SESSION 
Saturday,  May  22nd,  9:00  A.  M. 

I— Address  by  George  B.  Foster, 
Chairman,  Electric  Vehicle  Seciion. 

2— Paper  by  Zenas  W.  Carter,  Secre- 
tao',  Material  Handling  Machine  Mfg. 
.Association.  New  York,  on  "Electric 
Machinery  for  All  Handling." 

3 Report    of    Committee    on    PubUc 

Information— John   F.    Gilchrist.   Chair- 
man. 

^ — Report  of  Committee  on  Bonus 
Systems— Harry  A.  Snow,  Chairman. 

5— Report  of  Committee  on  Insurance 
— E.   T.  Fowler,  Chairman. 

6 Report  of  Committee  on  Co-opera- 
tion in  the  Industry— Lee  H.  Newbert, 
Chairman. 

7— .'\ddress  by  J.  M.  Wakeman,  Gen- 
eral Manager,  on  "The  Work  of  the 
Society  for  Electrical  Development, 
Inc."  .  „  ,        - 

8— Report  of  Committee  on  bale  ot 
Company  Securities  to  Customers  and 
Resident  Citizens— George  R.  Jones, 
Chairman.  .  t^  .      ,_ 

f>— Report  of  Committee  on  Dohert\- 
and  Billings  Prizes— A.  S.  Loizeaux, 
Chairman. 

COMMERCIAL  SECTION 
Wednesday,  May  igth,  2:30  P.  M. 

I— Address  of  Section  Chairman,  John 
G.  Learned.  _. 

2— Report  of  Committee  on  Finance- - 
\L  S.  Seelman,  Chairman. 

3_Appointment  of  Nominating  Com- 
mittee. .  _ 

4— Report  of  Committee  on  Constitu- 
tional Amcndments-R.  H.  Tillman, 
Chairman.  ,,,.  . 

5— Report  of  Committee  on  Wiring— 
R.'S.  Hale,  Chairman. 

6— Report  of  Bureau  of  Merchandise 
Sales— E.  A.  Edkins.  Chairman  . 

7_Report  of  Division  on  Electncal 
Merchandise— F.  D.  Pembleton,  Chair- 
man. . 

8 Report    of    Division    on     Electric 

Shop    Management— C.    E.    Greenwood, 
Chairman.  ^       j     j- 

9 — Report  of  Division  on  Standardiza- 
tion and  Testing— O.  R.  Hogue,  Chair- 
man. 

10— Report    of    Division    on    Electric 
Ranges— J.  Paul  Clayton,  Chairman. 
Thursday,  May  20th,  2 :30  P.  M. 

I — Report  of  Committee  on  Electrical 
Salesman's  Handbook— I.  Lundgaard, 
Chairman. 

2_Report  of  Division  on  (Power 
Sales  Bureau)  Economics  of  the  Use  of 
Central  Station  Electric  Power— John 
W.  Mever,  Chairman. 

3— Report  of  Division  on  (Power 
Sales  Bureau)  Electro-Chemical  Pro- 
cesses—C.  H.  McClure,  Chairman. 
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4 — Report  of  Division  on  (Power 
Sales  Bureau)  Industrial  Electric  Heat* 
ing — N.  T.  Wilcox,  Chairman. 

5 — Report  of  Bureau  on  Lighting 
Sales — (Zlarence  L.  Law,  Chairman. 

6 — Report  of  Division  on  Street  and 
Highway  Lighting — W.  T.  Dempsey, 
Chairman. 

7— Report  o  f  Division  on  Residence 
Lighting— M.   Luckiesh,  Chairman. 

S — Report  of  Division  on  Commercial 
Aspects  of  Lamp  Equipment — George 
H.  Stickney,  Chairman. 

Friday,  May  21st,  2  :30  P.  M. 

I — Report  of  Committee  on  Com- 
pensation of  Salesmen — Adolph  Hertz, 
Chairman. 

2 — Election  of  Officers  and  Executive 
Committee. 

3 — Report  of  Division  of  (Power 
.Sales  Bureau)  Electric  Steel  Furnaces — 
Joseph  McKinley,  Chairman. 

4 — Report  of  Division  of  (Power 
Sales  Bureau)  on -General  Power — W. 
E.  Murphy,  Chairman. 

5 — Report  of  Division  of  (Power 
Sales  Bureau)  Power  Contracts — R.  H. 
.\shworth.  Chairman. 

6 — Report  of  Division  (Power  Sales 
Bureau)  on  Isolated  Plants— J.  B. 
Stuart,  Chairman. 

7 — Report  of  Division  (Power  Sales 
Bureau)  on  Electric  Development- 
Morse  Dell  Plain,  Chairman. 

ELECTRIC  VEHICLE  SECTION 
Friday.  May  21st,  2:30  P.  M. 

I — Address  of  Section  Chairman — 
George  B.  Foster. 

2 — Appointment  of  Nominating  Com- 
mittee. 

3-  Report  of  Committee  on  Garage 
and  Rates — Willis  M.  Thayer,  Chair- 
man. 

4 — Report  of  Committee  on  Legisla- 
tion— G.  A.  Freeman,  Chairman. 

5 — Paper  on  "The  Uses  and  Abuses 
of  Electric  Vehicles"— H.  I.  Butler  and 
W.  J.  Burns. 

6— Report  of  Committee  on  Electric 
V^ehicle  and  Power  Sales  Bureau  Co- 
operation— E.   S.   Mansfield,   Chairman. 

7 — Report  of  Committee  on  Trans- 
portation Engineering — F.  M.  Feiker, 
Chairman. 

8 — Paper  on  "The  Electric  Truck  In- 
dustry"— C.  A.  Street,  Walker  Vehicle 
Company,  Chicago. 

0 — Report  of  Committee  on  Federal 
and  Municipal  Transportation — James 
H.  McGraw.  Chairman. 


TECHNICAL  AND  HYDRO- 
ELECTRIC SECTIONS 
IVednesday,  May  igth,  2:30  P.  M. 
1 — Address   by   Section    Chairman — I. 

E.  Moultrop. 

2 — .Appointment  of  Nominating  Com- 
mittee. 
3 — Report  of  Committee  on  Meters — 

F.  V.  Magalhaes,  Chairman. 

4 — Report    of    Committee    on    Prime 
Movers— N.  A.  Carle,  Chairman. 
Thursday,  May  20th,  2 :30  P.  M. 

I— Election  of  Officers  and  Executive 
Committee. 

2 — Report  of  Committee  on  Overhead 
Systems- W.  K.  Vanderpoel,  Chairman. 

•^ — Report  of  Committee  on  Under- 
ground Systems— F.  E.  Ricketts,  Chair- 
man. 

4— Report  of  Committee  on  Electrical 
.Apparatus- R.  F.  Schuchardt,  Chairman. 


May,  1930 

A.  E.  R.  <\.— 1920  CONVENTION 

The  American  "Electric  Railway  Asso- 
•ciation  has  announced  that  their  next 
annual  convention  will  be  held  at  At^ 
'lantic  'City,  New  Jersey,  October  11-15. 


PERSONALS 


Mr.  H.  D.  Shute,  vice-president  of  the 
Westingbouse  Electric  &  Mfg.  Company, 
has  been  elected  a  member  of  the  board 
of  directors  of  the  West  Virginia  Metal 
Products  Company  of  Fairmont,  W.  Va- 


Mr.  W.  E.  Thau  of  the  generaUen- 
ginecring  department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has 
recently  been  appointed  engineer  in 
charge  of  the  marine  engineering  section 
of  the  Compan\-. 


Mr.  L.  B.  Stillwell,  consulting  en- 
gineer and  formerly  president  of  the 
American  Institute  of  Electrical  En- 
gineers, has  been  elected  a  life  member 
of  the  board  of  trustees  of  Princeton 
University. 


Mr.  H.  H.  Bates,  field  engineer  in  the 
stoker  department  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  resigned 
to  accept  the  position  of  superintendent 
of  equipment  of  the  Acme  White  Lead 
&  Color  Works  of  Detroit,  Michigan. 


Mr.  Brent  Wiley  has  been  appointed 
assistant  to  Manager  of  the  industrial 
department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company  at  East  Pittsburgh 
to  be  in  general  charge  of  electrical 
applications  in  the  mill  industries. 


Mr.  J.  C.  Jones,  manager  of  the  Salt 
Lake  City  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been  ap- 
pointed manager  of  the  supply  division 
of  the  Los  Angeles  district  office. 


Mr.  Bernard  Lester  of  the  industrial 
sales  department  of  the  Westinghouse 
Electric  &_Mfg.  Company  has  been  ap- 
pointed assistant  to  the  manager  of  this 
department  to  have  general  charge  of 
small  motor  and  merchandising  activi- 
ties. 


Mr.  Robert  M.  Scarle,  vice-president 
of  the  Rochester  Railway  &  Light  Com- 
pany, has  been  elected  president  of  this 
Company  to  succeed  James  T.  Hutch- 
ings,  who  resigned  recently  to  become 
assistant  general  manager  of  the  United 
Gas  Improvement  Company  of  Phila- 
delphia. 


Mr.  G.  E.  Stoltz,  of  the  general  en- 
gineering department  of  the  Westing- 
house Electric  &  Mfg.  Company,  East 
Pittsburgh,  has  been  appointed  engineer 
in  charge  of  the  steel  mill  section.  Mr. 
Stoltz  has  been  with  the  Company  since 
1909. 

Mr.  L.  A.  S.  Wood,  who  has  been 
prominent  in  illuminating  engineer  work 
both  in  this  country  and  Europe,  having 
specialized  on  the  utilization  of  both 
flame  carbon  and  Mazda  lamps  during 
the  past  nine  years,  has  recently  been 
appointed  manager  of  the  illuminating 
section  of  the  Westinghouse  Electric  & 
Mfg.  Company,  with  headquarters  at 
South  Bend,  Ind. 
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NEW  BOOKS 

"Cajiitol  Today" — Herman  Calm.  Size 
f>  liy  0  inches.  271  pages.  Published 
by  G.  P.  Putnam's  Sons,  New  York 
'City.     Price  ?2.oo. 

While  the  great  majority  are  in  earnest 
pursuit  of  something  more  than  mere 
livelihood  and  that  is  a  competency, 
which  may  be  likened  unto  a  large  re- 
servoir from  which  they  may  draw  in 
the  future.  When  considerable  wealth 
has  been  amassed,  which  may  appear  in 
the  form  of  property,  securities,  bank  de- 
posits, actual  money  or  money  tokens, 
it  should  become  a  matter  of  immediate 
interest  to  know  how  value  is  measured 
and  created.  This  book  is  a  revised  and 
enlarged  edition  of  the  first  contribu- 
tion of  the  writer  on  the  above  subject 
The  author  shows  that  wealth,  under 
our  present  economic  situation,  is  largely 
an  accumulation  of  profits  and  labor  and 
considerable  attention  has  been  given  in 
this  book  to  the  Marxian  Theory  of 
value.  Much  interesting  information 
is  presented  and  quite  a  different  view- 
point is  developed  from  that  of  most 
economists.  The  efforts  of  the  author 
provide  an  unusual  and  unique  treatment 
from  the  angle  from  which  he  ap- 
proaches the  subject.  e.d.d. 
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"The  Earning  Power  of  Railroads" — 
Compiled  and  edited  by  Floyd  W. 
Mundy.  270  pages — five  by  seven 
inches.  Published  by  Jas.  H.  Oliphant, 
New  York  City.  Price  $2.00. 
This  book  contains  analyses  of  earn- 
'ings  and  expenses  of  the  steam  railroads 
of  the  United  States,  together  with 
mileage  and  other  data  indicative  of  the 
extent  of  the  road  and  its  operation. 
Outstanding  securities,  both  stock  and 
bonds  are  included.  The  capitalization 
and  expcgses  are  reduced  to  a  basis  ol 
per  mile  of  road  for  comparative  pur 
poses.  Income  accounts  are  given  in 
detail  for  1917  and  comparative  earn 
ings  and  expenses  are  shown  as  far 
back  as  igo8.  The  author  presents  a 
discussion  of  the  important  sub-accounts 
under  operating  expenses  and  proves 
that  the  same  costs  per  mile  of  road  fo' 
the  different  items  of  expenses  for  two 
roads  under  comparison  are  not  indica- 
tive of  a  like  degree  of  conservatism 
The  ton-miles  and  passengers  carried 
and  the  general  nature  of  operation* 
generally  must  be  considered.  Thi  = 
volume  is  published  annually  and  pre- 
sents information  which  is  much  sought 
after  by  investors  in  railroad  securities 
and  students  of  railway  operations. 


"Principles  of  Direct-Current  Machines" 
— Alexander  S.  Langsdorf.     460  pages, 
314    illustrations.     Published    by    Mc- 
Graw-Hill  Book  Co.     Price  $4.00. 
This    is    the    second    edition    of    this 
work  originally    brought    out    in    1915. 
The  present  work  embodies  suggestions 
based     on    criticisms    on     the     previous 
edition   and   includes   certain   alterations 
and     new     material     which     experience 
has   shown  to  be  desirable.     Where  the 
original    symbols    did    not    conforrn    to 
A.I.E.E.     standards,     corrections     have 
been  made.     The  author  states  that  the 
fundamental    idea    of    the    book    is    to 
present  the  subject  in  such  a  manner  as 


to  satisfy  the  student  who  wants  to 
know  why  rather  than  merely  how 
things  arc  done.  A  general  idea  of  the 
contents  may  be  judged  from  the  chapter 
headings  which  are:— General  Laws  and 
Definitions,  The  Dynamo,  Armature 
Windings,  The  Magnetization  Curve- 
Magnetic  Leakage,  Armature  Reaction, 
Operating  Characteristics  of  Generators, 
Motors,  Commutation,  Compensation  of 
Armature  Reaction  and  Improvement  of 
Commutation,  Efficiency,  Rating  &  Heat- 
ing, Boosters  and  Balancers,  Train 
Lighting  Systems. 

"Governors  and  'Ihe  Governing  of 
Prime  ;Movers" — W.  Trinks.  2^6  pages 
Prime  Movers"— W.  Trinks.  236' 
pages,  140  illustrations.  Published  by 
D.  Van  Nostrand  Co.  New  York  City 
Price  $3.50. 

So  many  books  try  to  cover  a  large 
held  that  it  is  refreshing  to  review  a 
book  claiming  to  cover  only  one  detail 
of  a  given  subject.  In  the  present  case 
the  so  called  detail  is  a  subject  of  suf- 
licient  importance  to  warrant  the  very' 
thorough  attention  of  experts  such  a's- 
the  author  who  has  specialized  largely 
on  this  subject.  Previous  publications 
have  taken  up  governors  in  connection 
with  steam  engines  or  water  turbines 
but  with  few  exceptions  the  investiga- 
tions and  explanations  have  not  gone 
very  deeply  into  the  subject.  The 
present  volume  is  a  book  of  essentiftls 
and  principles.  No  commercial  forms 
are  shown  but  the  drawings  have  been 
apparently  made  especially  for  the  pur- 
pose and  show  the  principles  and  details 
involved.  Relay  governing  is  discussed 
including  such  types  as  are  used  on 
steam  turbines.  An  elaborate  biblio- 
graphy is  included,  also  a  bookmark  list 
of  symbols  used  in  the  book. 


"Flements  of  Radiotelegraphy — Ellery 
W.  Stone.  267  pages,  125  illustrations, 
33  plates.  Published  by  D.  Van  Nos- 
trand  &   Co.,   New    York   City.    Price 

$2.50. 

This  book  was  written  primarily  for 
students  in  the  communication  service 
of  the  United  States  Navy.  The  sub- 
ject as  presented  from  the  physical 
rather  than  the  matlicmatical  standpoint 
and  as  a  resume  of  a  series  of  lectures 
given  at  the  U.  S.  Naval  Radio  Statioi? 
at  San  Diego,  California.  In  addition 
to  fundamentals,  descriptions  are  given 
of  the  various  wireless  systems  avail- 
able with  discussion  on  antennae  and 
earth  connections.  Naturally  the  dis- 
cussions are  intended  more  for  opera- 
tmg  men  than  for  theorists. 

".\pplicd  Mechanics" — Charles  E.  Fuller 
and  Wm.  A.  Johnston.     566  pages,  282 
illustrations.  Published  by  John  Wiley 
&  Sons,  New  York  City.     Price,  $3.75. 
This   is    Volume    II    on   "Strength   of 
Materials"    prepared    primarily    for    the 
use    of    students    at    the    Massachusetts 
Institute      of      Technology.       Graphical 
methods    and    calculus    have    been    cm- 
ployed    throughout    and    it    is    assumed 
that    the    student    has    a    knowledge    of 
statics  and  dynamics.     Chapters  are  de- 
voted   to    continuous    beams,    columns, 
shafting  and   springs,   arches,   cylinders, 
reinforced  concrete  beams  and  columns. 
Numerous     problems     are     interspersed 
throughout  the  text. 
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TRADE  NOTES 

The  Page  Steel  &  Wire  Company  have 
just  published  a  very  complete  pamphlet 
describing  fully  the  electrical  and 
physical  properties  of  American  Ingot 
Iron  Wire.  This  is  the  first  complete 
publication  of  this  data  and  the  result 
of  many  tests  made  during  the  past  two 
years  under  the  supervision  of  the  Elec- 
trical Testing  Laboratorj',  New  York, 
and  Frank  F.  Fowlc,  Consulting  Elec- 
trical Engineer  for  this  Company.  This 
booklet  is  very  interesting  and  will  be 
mailed  to  any  one  desiring  copy  upon 
request  to  Page  Steel  &  Wire  Company, 
30  Church  St.,  New  York. 


Luminous  Unit  Co.,  St.  Louis,  Mo., 
have  just  issued  their  Catalog  No.  7. 
illustrating  and  describing  their  "Brasco- 
lite"  line  of  lighting  units  in  various 
designs,  also  their  industrial  fixtures, 
also  their  glass  or  "Aglite  Fixtures," 
the  latter  being  of  particularly  novel 
design.  They  are  used  particularly  in 
bath  rooms,  hospitals  and  wherever 
white  glass  would  be  suitable. 

Benjamin  Electric  Mfg.  Co.,  Chicago, 
111.,  have  published  their  Bulletin  No. 
18  entitled  "Better  Electric  Lighting  on 
the  Farm,"  which  describes  and  illus- 
trates various  forms  of  reflectors,  lamp 
socket  fixtures,  plugs  and  other  fittings 
for  use  in  connection  with  farm  light- 
ing outfits,  A  copy  of  this  publication 
will  be  sent  by  the  Company  on  request. 


NEW  DEVELOPMENT  IN 
SUSPENSION  TYPE  INSULATORS 


6 — The  ultimate  cost  for  trans- 
mission line  construction  is  greatly 
reduced  by  the  long  life  of  the  in- 
sulator and  the  salvaging  of  connect- 
ing parts. 

The  material  in  contact  with  the 
porcelain  surface  is  a  relatively  soft 
metal,  such  as  copper,  so  that  there  is 
no    crushing   or   injury    to    the   glaze   on 


SECTIONAL  VIEW  OF   NEVkf   INSULATOR 

the  insulator.  This  new  design  is  suit- 
able for  transmission  work  and  for 
"dead  ends"  where  the  strings  of  in- 
sulators are  in  a  horizontal  position. 
Reports  from  a  considerable  number  of 
power  companies  indicate  perfect  satis- 
faction with  this  newly  developed  in- 
sulator. On  one  line  in  Colorado,  183 
miles  in  length,  the  entire  dependence 
for  insulators  is  placed  on  this  new  in- 


Thc  suspension  type  of  insulator  has 
become  generally  standardized  for  use 
in  high  tension  transmission  work. 
About  ten  years  ago  Mr.  E.  M.  Hewlett 
invented  the  link  type  insulator  but  this 
tvpe  has  not  come  into  very  general  use. 
This  was  due  largely  to  the  inpracticable 
hardware  detail  parts  then  available. 
Three  vears  ago  the  engineering  staff 
of  the'R.  Thomas  &  Sons  Co.,  East 
Liverpool,  Ohio,  began  the  development 
of  fittings  suitable  for  general  com- 
mercial use.  Numerous  designs  were 
made  and  tested,  but  it  was  not  until 
a  little  over  a  year  ago  that  what  was 
considered  a  satisfactory  design  was 
invented.  The  new  design  which  is 
here  illustrated  has  been  given  thorough 
laboratory  tests  and  thousands  of  units 
have  been  tried  out  on  transmission 
lines  where  the  product  would  be  given 
<;evere  operating  service.  In  its  present 
form  the  changes  claimed  for  this  new 
<lesign  are: — 

I — ^The  porcelain  is  thrown  in  ab- 
solute compression  having  no  side 
pull  nor  lengthy  porcelain  walls  in 
tension. 

2 — The  entire  surface  of  the  in- 
sulator is  thoroughly  glazed. 

3_Due  to  the  flexible  construction 
of  the  parts  there  are  no  concentrated 
stresses  imposed  on  the  porcelain  but 
an  even  distribution  of  the  load. 

4 — There  is  no  cement  composition 
or  alloy  required  in  the  assembly  of 
units. 

5 — Strings  of  insulators  may  be 
assembled  and  made  up  in  the  field 
:as  easilv  as  in  the  factory. 


DETAIL   PARTS   OF   NEW    INSULATOR 

sulator.  The  R.  Thomas  &  Sons  Com- 
pany have  service  records  from  the 
various  companies  who  have  tried  out 
this  design  and  will  be  glad  to  give 
reports  on  these  installations  to  any  wh  1 
are  interested,  along  with  prints  and 
photographs  showing  the  details  of  the 
design,  and  also  views  of  insulators  in 
service  in  various  parts  of  the  countrj'. 


MONARCH  REFILLABLE  FUSES 

The  Monarch  Refillable  Fuse  Com- 
pany of  Jamestown,  N.  Y.,  have  placed 
a  new  renewable  fuse  on  the  market  in 
both  ferrule  and  knife  blade  types.  The 
knife  blade  type  has  heavy  brass  inner 
sleeves,  threaded  and  riveted  into  thc 
inside  of  the  fibre  tube  at  both  ends. 
.\ttached  to  the  inner  sleeve  are  heavy 
brass  bridge  pieces.  These  swingini; 
bridge  pieces  interlock  into  the  knife 
blades,  thus  automatically  aligning  tho 
knife  blades  and  preventing  endwise 
movement.  .As  the  swinging  bridcre 
pieces  arc  attached  to  the  brass  inner 
ferrules,  loose  parts  are  eliminated  and 
brass  washers  spun  into  the  outer 
ferrule  also  eliminate  loose  washers. 
The  renewal  link  can  be  slipped  into 
position  after  loosening  the  nuts  on  tho 


knife  blades  without  complete  removal 
of  nuts.  The  ferrule ,  type  also  has 
heavy  brass  inner  sleeves  threaded  into 
and  riveted  to  the  inside  ends  of  the 
fibre  tube.  Machined  washers,  through 
which  the  renewal  link  is  threaded  and 
turned  over  and  machined  outer  ferrules 
screwed  down  onto  threads  on  the  brass 
inner  sleeves  give  perfect  contact  and 
alignment.  On  both  types  the  metal-to- 
metal  thread  eliminates  the  trouble  of 
charring  of  fibre  threads  and  loosening 
of  ferrules  from  fibre  contraction.  The 
construction  also  eliminates  troublesome 
loose  parts  and  the  fuses  are  easily  re- 
newed and  strongly  constructed. 


The  Delta-Star  Electric  Company  of 
Chicago  have  recently  issued  their 
special  publication  number  92  of  their 
unit  type  high  tension  outdoor  sub- 
stations. 


The  Standard  Underground  Cable 
Company,  Pittsburgh,  Pa.,  have  issued 
their  bulletin  No.  500-1,  describing  their 
standard  rubber  insulated  wire  includ- 
ing a  wide  variety  of  sizes  for  all 
classes  of  service.  This  is  the  line 
which  is  identified  by  their  trade  mark 
of  green  thread  or  strand  woven  into 
the  braid. 
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One  of  the  incidental  results  of  war 
Some  activities  has  been  a  more  intimate  ac- 

Figures  quaintance  by  the  general  public  with 

Electrical  large   figures — there   were   billions  in 

Liberty  loans  and  millions  of  soldiers. 
Everything  in  a  military  way  was  carried  on  ir'  a 
manner  involving  unprecedented  figures.  Whether  or 
not  the  average  person  has  secured  any  clearer  concep- 
tion of  the  meaning  of  such  large  figures  may  be  open 
lo  question.  Engineers,  however,  are  trained  in  the  use 
of  statistics  and  should  have  a  better  understanding  of 
their  significance. 

During  the  past  year  the  National  Electric  Light 
Association  has  had  several  committees  at  work  which 
have  made  at  least  a  beginning  in  the  assembling  of 
statistical  information  of  value  to  the  electrical  indus- 
try. One  of  the  most  important  of  the  newer  commit- 
tees is  that  on  the  electrical  resources  of  the  nation.  It 
is  hoped  that  through  the  activities  of  this  committee 
there  will  be  produced  a  continuous  census  of  the  im- 
portant facts  related  to  the  power  industry.  In  their 
report  at  the  Pasadena  convention  last  month,  advance 
figures  were  given  from  the  forthcoming  census  report 
for  the  year  191 7.  During  that  year  over  twenty-five 
billion  kilowatt-hours  of  electrical  energy  were  nro- 
auced  in  6542  central  stations,  having  a  combined  gen- 
erating capacity  of  nine  million  kilowatts,  which  was 
sold  for  a  little  over  five  hundred  million  dollars  to  more 
than  seven  and  one-half  million  customers.  It  is  inter- 
esting to  note  that  this  represents  an  average  generj^'mg 
capacity  of  1378  kilovratts  per  station,  with  an  average 
load  factor  of  31.7  percent  based  on  installed  capacity, 
and  that  an  average  of  278  kilowatt-hours  per  mrnth 
was  used  by  each  customer.  It  emphasizes  the  fact, 
v/hich  is  liable  to  be  overlooked,  that  the  great  majcrity 
of  central  stations  in  the  United  States  are  still  of  quite 
limited  size.  It  is  estimated  by  the  committee  tha*-  the 
total  generating  capacity  of  the  country  at  present  is 
nearly  eleven  million  kilowatts  and  that  the  output  dur- 
ing 1919  was  thirty-three  billion  kilowatt-hours.  None 
of  the  above  data  includes  electric  railway  power  plants. 
The  committee  also  gives  figures  as  to  what  may 
be  called  the  latent  sources  of  power,  or  the  raw  ma- 
terials from  which  electricity  is  generated.  These  are 
estimated  at  fifty-four  million  horse-power  in  v/ater 
power  and  three  billion  tons  of  coal.  Under  normal 
conditions  the  installed  capacity  for  power  generation 
has  doubled  in  periods  of  five  years.  Since  1917  this 
rr-te  has  not  been  maintained  and  this  fact  forms  one 
of  the  unsatisfactory  conditions  in  the  central  station 
industry  today,  as  there  is  no  doubt  t)ut  thai  several 
million  additional  kilowatts  in  capacity  could  be  utilized 


if  it  could  be  made  available  in  the  next  year  or  so. 
President  Ballard  stated  in  his  annual  address  that  "the 
uidustry  needs  seven  hundred  and  fifty  million  dollars 
of  new  capital  right  now"  to  take  care  of  the  require- 
ments of  the  country. 

The  Electric  Furnace  Committee  announces  that 
during  1918  three  hundred  million  kilowatt-hours  vvere 
u'-ed  in  producing  steel  in  electric  furnaces,  since  which 
time  there  have  been  installed  thirty-six  additional  sreel' 
furnaces,  so  that  by  the  beginning  of  1920  there  were 
323  electric  steel  furnace  installations.  This  is  in  addi- 
tion to  electric  furnaces  for  the  production  of  non-fer- 
rous alloys,  carbide  and  other  products,  for  which  1-i.rge 
blocks  of  power  are  required.  The  committee  on  elec- 
tric heating  states  that  the  use  of  electric  furn?ces 
would  go  a  long  way  toward  eliminating  the  present 
loss  of  metal,  through  volatilization  and  oxidation  in 
fuel  fired  furnaces,  of  some  six  hundred  million  pounds 
ol'  metal  annually.  If  electric  furnaces  were  used  ex- 
ciusively,  the  metal  saving  alone  would  more  than  pay 
for  the  current  used,  figured  at  one  and  one-half  c^-nts 
per  kilowatt-hour. 

In  the  incandescent  lamp  field,  a  production  is  in- 
dicated of  one  hundred  and  eighty-three  million  lamps 
last  year,  exclusive  of  miniature  lamps,  and  of  this  total 
production,  over  90  percent  was  in  the  form  of  tungsten 
filament  lamps.  During  1919  the  total  production  of 
ttmgsten  filament  lamps  in  candle-power  was  over  nine 
times  that  of  all  lamps  sold  in  1907.  During  the  same 
period  the  average  candle-power  of  incandescent  lamps 
has  increased  from  18  to  53  candle-power.  It  is  worth 
noting  also,  in  these  days  of  almost  universal  price  in- 
ci  eases,  that  tungsten  lamps,  of  the  40  watt  size  for  ex- 
ample, that  sold  in  1907  for  $1.50,  are  in  1920  sold 
around  38  cents. 

The  committee  on  material  handling  quotes  figures 
t.i  show  that  the  railroads  of  the  country  might  save 
four  hundred  million  dollars  per  year  in  handling 
charges  if  suitable  electrically  operated  handling 
machinery  were  installed  at  terminals.  The  statement 
is  made  that  there  is  a  potential  annual  demand  for  over 
five  hundred  million  kilowatt-hours  for  power  sei'vice 
on  this  account. 

Authentic  information  of  the  character  menticied 
above,  carefully  revised  annually,  should  be  of  great 
value  to  those  in  the  electrical  industry,  both  for  theii" 
own  information  and  as  a  means  of  securing  the  co- 
operation of  governmental  departments  and  public  ser- 
vice commissions  in  the  future  development  of  the 
power  industry  along  lines  which  will  be  of  greatest 
value  to  the  Nation  as  a  whole. 
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Chas, 

THERE  was  something  about  C.  W.  Johnson 
which  at  once  gave  an  impression  of  bigness; 
bigness  of  heart  and  bigness  of  purpose;  he  was 
physically  large,  with  a  deep  full  voice,  with  a  large 
hand  which  gave  a  cordial,  hearty  handshake.  There 
was  withal  the  feeling  that  your  new  acquaintance,  or 
your  old  friend,  whichever  he  happened  to  be,  was 
genuine,  sympathetic  and  earnest.  As  one  knew  him 
better  and  longer,  this  openness  and  freedom  of  manner 
proved  to  be  the  natural  expression  of  the  character 
and  the  mind  of  the  man  himself.  His  interest  was  in 
the  fundamental,  under-lying  things.  His  plan  was  not 
to  temporize  and  use  mere 
expediency  for  getting  im- 
mediate  results.  •  He 
wanted  to  go  to  the  bottom 
of  things  and  deal  with 
sound  principles  and  get 
things  established  on  a 
fair  and  true  basis.  He 
was  open  minded,  and 
ready  to  accept  results  of 
argument  and  reason. 

Mr.  Johnson  took  a  deep 
interest  in  the  relations  be- 
tween the  workmen  and 
the  Company.  He  sought 
to  determine  a  fair  basis 
and  his  aim  was  to  get  a 
mutual  understanding.  He 
saw  that  often  the  minor 
officials  in  the  shop  did  not 
have  a  correct  attitude  to- 
ward the  men  under  them 
and  were  misinterpreting 
the  policy  of  the  manage- 
ment of  the  Company,  and 
at  one  time  his  particular 
duty  was  to  undertake  per- 
sonally to  establish  more 
cordial  relations  by  a  better  understanding. 

In  a  talk  with  me  about  a  year  ago  he 
deplored  the  misunderstanding  and  misstatements  of 
many  outside  people  interested  in  industrial  af- 
fairs and  welfare  work  who  seemed  to  take  it  for 
granted  that  in  industry  the  management  was 
always  seeking  to  take  advantage  of  the  workmen  and 
■was  not  trying  to  establish  relations  on  a  fair  and  equit- 
able basis.  I  remarked,  "Why,  Mr.  Johnson  you  are 
simply  assuming  that  all  corporations  are  like  the  one 
you  represent  and  that  they  have  this  broad  view."  He 
retorted,  "There  you  are,  proving  my  contention ;  you, 
yourself  are  taking  the  ground  that  most  corporations 


F.  Scott 
are  not  considering  the  welfare  of  their  men  in  a  broad 
way.     I  contend  that  the  desire  of  managers  in  general 
is  to  do  the  right,  fair  and  human  thing  in  relation  to 
their  employees." 

When  one  occasionally  meets  his  old  acquaintances, 
the  inherent  qualities  are  apt  to  appear.  In  talking  with 
Mr.  Johnson,  there  was  at  once  the  characteristic  vision, 
optimism  and  earnestness.  His  aim  was  to  overcome 
the  difficulties ;  to  lay  a  sound  basis  for  progress.  He 
looked  at  things  in  a  large  way.  He  progressed  from 
one  position  to  another  toward  larger  responsibilities 
and  new  opportunities. 

It  was  his  fine  purpose, 
his  high  ideals,  his  noble 
character,  his  vision,  his 
integrity,  his  earnestness, 
his  frankness  and  his  cor- 
diality of  manner  that 
gave  him  the  respect  of  his 
fellows  ap.d  gained  the 
confidence  \\liich  endeared 
him  to  them. 

Years  ago  he  wrote  in 
The  Electric  Journal  a 
"Suggestion  to  Engineer- 
ing Apprentices"  in  which 
he  says  "The  motto  of  the 
apprentice  should  be  'to 
learn  a  few  things  well  and 
in  all  their  detail'.  A 
man's  value  is  measured, 
not  by  the  things  of  which 
he  has  a  smattering  knowl- 
edge but  by  those  things 
which  he  has  mastered." 

Mr.     Johnson's      career 
from    university   to  assist- 
ant director  of  engineering 
JoH.N'soN  in  a  large  industry  is  signi- 

ficant. From  one  position 
to  another,  not  by  a  prearranged  plan,  but  by  making 
good  each  opportunity  as  it  arose,  he  advanced 
through  various  departments,  through  shop  work  and 
drafting  room  and  engineering,  through  manufacturing 
and  personnel  again  to  engineering  and  administrative, 
gaining  in  experience,  broadening  in  sympathy  and  out- 
look, preparing  himself  for  new  duties — more  compre- 
hensive and  more  intricate  and  more  responsible. 

About  twenty  years  ago  in  the  Bullock  Company  at 
Cincinnati,  Mr.  Johnson  was  associated  with  Mr.  B.  A. 
Behrend  who  writes  me  this  paragraph : — 

"Charlie  was  a  Quaker.  He  believed  in  the  klnd- 
l-'ness  and  good  fellowship  of  the  Society  of  Friends 
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and  he  was  always  deeply  incerested  in  that  which 
really  made  up  and  constituted  religion.  I  remember 
well  that  David  Hall,  William  Cooper,  Charles  Johnson 
and  I  would  occasionally  come  together  and  I  had  the 
pleasure  of  reading  to  them  chapters  from  the  Bible, 
which  we  all  enjoyed.  Johnson  had  great  skill  in  hand- 
ling men,  and  he  was  always  well  liked  by  everybody. 
He  was  very  much  in  earnest  in  all  that  he  did,  and  he 
could  always  be  relied  upon  to  do  something  for  his 
fi  lends  or  for  people  who  made  an  appeal  to  him". 

After  graduating  at  Ohio  State  University  as  an 
electrical  engineer  in  1896,  Mr.  Johnson  began  work 
m  the  drafting  department  of  the  Steel  Motor  Company 
of  Johnstown,  Pa.,  where  he  was  associated  with  Mr. 
Merrick  who  was  later  the  general  superintendent  of 
the  Canadian  Westinghouse  Company  at  Hamilton.  Tn 
May  1897,  he  took  a  position  as  draftsman  with  the 
Bullock  Electric  Mfg.  Company  of  Cincinnati,  Ohio. 
Here  he  advanced  to  chief  draftsman,  engineer  and 
production  manager  in  a  period  of   six   and   one-half 


years.  In  February  1904  he  was  transferred  to  Mon- 
treal, Canada,  and  made  manager  of  the  electricai  de- 
partment of  the  Canadian  Bullock  Electric  Mfg.  Com- 
pany, Ltd.,  (later  Allis-Chalmers-Bullock,  Ltd.)  where 
he  remained  until  1907,  when  he  joined  the  Westing- 
house  Electric  &  Mfg.  Company  at  East  Pittsburgh  and 
was  soon  appointed  chief  inspector.  In  January  1910 
he  was  appointed  assistant  manager  of  works.  In 
March  1912  he  was  made  general  superintendent,  a 
position  he  held  until  1919,  when  his  chief  activities 
were  transferred  to  the  industrial  relations  of  the  com- 
pany with  its  employees.  At  the  time  of  his  death, 
April  2ist,  1920,  he  was  assistant  director  of  engineer- 
ing in  charge  of  developments. 

In  1901  Mr.  Johnson  married  Evelyn  Vaughan  of 
Selma,  Alabama.  He  is  survived  by  Mrs.  Johnson  and 
a  five  year  old  boy,  Robert  Gray  Johnson. 

The  loss  of  such  a  man  is  all  the  greater  because 
such  men  are  too  few. 
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THE  OPERATION  of  an  electric  locomotive  is 
governed  by,  and  depends  upon  the  method  and 
manner  of  its  control.  The  control  equipm.ent, 
therefore,  may  very  properly  determine  the  sufficiency 
of  the  whole  locomotive.     As  the  control  system  c>~.m- 


tested.  This  locomotive,  provided  with  regenerative 
braking,  was  placed  in  service  on  the  lines  of  the 
Monongahela  Valley  Traction  Company  in  West 
Virginia.  The  results  of  tests  on  this  locomotive  data 
from  service  operation,  and  an  analysis  of  the  final  con- 
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FIG.    I — THE    "OLYMI'I.\.\"    .\N11    "cOLUMDIAn"    AT    THE    DUTTE,     MONTANA   PASSENGER  STATION 


prises  a  number  of  separate  elements,  it  is  essential  that 
their  correct  functioning,  individually  and  collectively, 
shall  be  assured  by  careful  design  and  assembly. 

In  order  to  insure  perfection  of  detail  of  the  novel 
features  involved  in  the  control  system  and  equipment 
used  on  the  Chicago,  Milwaukee  &  St.  Paul  locomotives, 
an  experimental  45  ton  locomotive  was  first  built  and 


trol  system  resulted  in  the  improvement  of  the  control 
scheme  in  several  minor  particulars. 

Forty-five  tliousand  locomotive  miles  operation  to 
date,  without  a  delay  due  to  control  failure,  is  in  itself 
evidence  of  the  accurate  preliminary  work  done  on  the 
control  of  these  locomotives.  The  following  descrip- 
tion conveys  some  idea  of  the  problems  arising  in  the 
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design  of  the  electrical  equipment  and  the  manner  in 
which  they  were  solved. 

Before  deciding  upon  the  main  circuit  connections, 
an  analysis  was  made  to  determine  the  motor  groupings 
and  speed  combinations  which  would  give  the  most 
economical  operation  and  be  most  suitable  to  the  profile 
of   the   road,   both    during   motoring   and    regenerative 
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FIG.    2 — SERIKS-l'ARAr.I.r.I.    CONNECTIONS     FOK     MOTORING 

braking.  The  total  horse-power  required  and  the 
limitation  of  weight  per  driving  axle  determined  the 
use  of  six  driving  axles  with  six  twin-armature  motors. 

MOTORING  CONNECTIONS 

The  consideration  of  economical  acceleration,  ex- 
isting trolley  voltage,  minimum  voltage  per  commutator 
and  the  desired  operating  speeds,  resulted  in  the  selec- 
tion of  three  groupings  of  the  main  motors,  as  shown 
in  Table  I  and  Fig.  2.  The  use  of  two  field  shunt 
notches  in  each  of  the  three  motoring  combinations 
gives  a  total  of  nine  running  speeds,  thereby  permitting 
an  economical  adjustment  of  speed  for  varying  track 
conditions,  schedules  and  slow  orders. 

TABLE  I— MOTOR  COMBINATIONS 


Motor   Grouping 

Speed 

I 

2 

3 

All  six  in  series 

Two  parallel  sets  of  three 

motors  in  series 
Three  parallel  sets  of  two 

motors  in  series 

One-third 

Two-thirds 
Full 

250 

SOD 

750 

REGENERATIVE  BRAKING  CONNECTIONS 

During  regenerative  braking,  the  current  for  ex- 
citation of  the  main  motor  fields  is  supplied  by  two 
axle-driven  generators,  one  being  mounted  on  the  inner 
axle  of  each  engine  truck.  A  stabilizing  resistance  is 
connected  in  the  circuit  in  such  a  manner  that  both 
armature  and  field  current  pass  through  it  during  re- 
generation. By  reason  of  this  connection,  any  sudden 
change  in  regenerated  current  reacts  on  the  fields  to 
limit  the  change  in  current,  thereby  assuring  stable  op- 
eration of  the  series  motors,  acting  as  generators  dur- 
ing regeneration. 


The  schematic  arrangement  of  circuits  for  the  three 
motor  combinations  during  regeneration  is  given  in  Fig. 
3.  The  armatures  are  grouped,  in  the  three  combina- 
tions, exactly  the  same  as  in  motoring.  The  field  cir- 
cuits, however,  are  broken  up  to  insert  the  stabilizing  re- 
sistance and  axle-generator  armatures. 

In   the    No.    i    combination   the    12   armatures,   in 
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series,  are  connected  to  ground  through  the  stabilizing 
resistance.  To  simplify  the  circuits  and  switching  ap- 
paratus, the  12  fields  are  connected  across  the  stabiliz- 
ing resistance  in  two  sets  of  six  fields  each,  with  one 
axle-generator  in  the  circuit  of  each  set  supplying  the 
excitation.  In  the  No.  2  combination,  the  current  for 
each  set  of  six  armatures,  passes  through  its  own  sta- 
bilizing resistance,  around  which  are  connected  the  six 


FIG.    4 — 3000  VOLT  ELECTROPNEUMATIC  SWITCH 

With  magnetic  blow-out  and  arc  splitters. 

fields  in  series  with  their  axle-generator  excitation 
armature.  The  No.  3  combination  requires  a  parallel 
connection  of  the  two  axle-generator  armatures  to 
.'•■upply  excitation  for  the  three  parallel  sets  of  four  fields 
each. 
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MAIN  CIRCUIT  SCHEMATIC 

The  actual  main  circuits  m  schematic  form  are 
given  in  Fig.  8,  with  the  switches  required  to  establish 
the  various  motoring  and  regenerating  combinations, 
and  to  make  the  shunting  transitions  from  oiie  combina- 
tion to  another,  during  acceleration.     The  sequence  dia- 


electropneumatic,  magnetic  blowout,  3000  volt  switch 
sl'Own  in  Fig.  4  was  built.  Being  of  the  unit  type,  any 
switch  may  be  removed  from  a  group  of  switches  with- 
out disturbing  the  remainder  of  the  group.  Fig.  5. 

The  use  of  compressed  air  at  70  lbs.  per  sq.  in.  for 
operating  the  switches  gives  a  contact  pressure  of  ap- 
proximately 100  pounds.  The  contact  is  closed  by  a 
total  force  of  200  pounds  against  a  spring  pressure  of 
100  pounds,  this  spring  pressure  of  100  pounds  being 
available  for  opening  the  contact.  These  heavy  operat- 
ing forces  insure  the  reliability  of  the  switch  by  elimi- 
nating heating  and  welding  due  to  poor  contact. 

Main  Grid  Resistors — Sixty-two  frames  of  three- 
point  cast-iron  grids  are  used  to  limit  the  current  in  the 
traction  motors  during  acceleration.  In  the  design  and 
mounting  of  these  resistors,  especial  attention  was  given 
to  the  insulation  of  the  grids  from  ground,  as  they  are 


FIG.    5 — EI.ECTROI'NEI'M-MIC    SWITCH    GROUP 

gram,  Fig.  9,  used  in  connection  with  the  main  circuit 
schematic,  gives  in  a  condensed  form  the  necessary 
order  of  closing  and  opening  the  switches  to  set  up  the 
different  combinations  of  the  main  motors. 

Having  decided  upon  the  general  scheme  of  main 
n:otor  connections,  the  next  consideration  was  the  se- 
lection of  the  proper  electrical  equipment  for  making 
and  breaking  the  3000  volt  circuit  to  the  motors,  cut- 
ting out  resistance  and  effecting  the  changes  in  the  mo- 
tor groupings  from  one  combination  to  another. 

The  jooo  Volt  Unit  Switch — The  line  switches  and 
resistance  switches  are  subject  to  the  full  stress  of  3000 
volts  to  ground  and  are  called  upon,  in  normal  service 
tn  break  currents  as  high  as  200  amperes  at  3000  volts. 
They  have  no  fuse  or  short-circuit  protection,  other 
than  the  substation  high-speed  circuit  breaker.  These 
conditions,  obviously,  require  a  switch  of  great  re- 
liability. 


-M.\1X    GRID    KKSISTOR    ASSEMllLY 


In  order  to  test  the  relative  merits  of  several  types 
cf  magnetic  blow-out  switches,  four  different  types  of 
switches  were  built  and  tested  to  destruction.  Based 
on  the  experience  gained  in  testing  these  switches,  the 


FIG.    7 — MOTOR    CO>ir.IN.\TlON    CA:M    SWITCH    GROUP;    ,\LSO    C.\M 
SWITCH    GROUP    WITH    M-\GNETIC  BLOW-OUT 

z\l  subject  to  3000  volt  stress  to  ground,  when  running 
with  resistance  cut  out. 

The  grids  in  the  individual  frames  are  insulated 
from  the  tie-rods  with  1200  volt  insulation.  A  group 
of  frames  is  mounted  on  a  common  supporting  angle, 
Fig.  6,  and  insulated  from  this  angle  by  special  3000 
volt  insulators.  This  supporting  angle  is,  in  turn,  in- 
sulated from  ground  by  3000  volt  insulators.  This 
gives  a  total  insulation  sufficient  for  a  normal  working 
stress  of  7200  volts,  and  the  effectiveness  of  this  in- 
sulation is  further  increased  by  reason  of  its  being 
divided  into  three  sections. 

MOTOR   COMBINATION    SWITCHING   APPARATUS 

Two  groups  of  electropneumatic,  cam-operated 
switches  (Fig.  7)  are  provided  for  making  the  changes 
in  the  motor  groupings;  one  for  the  No.  I  to  No.  2 
combination  change  and  one  for  the  No.  2  to  No.  3 
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combination  change.  The  use  of  groups  of  cam-op- 
erated switches  for  making  the  transitions,  eliminates 
the  possibility  of  setting  up  false  circuits  through  faulty 
transition,  simplifies  the  control  wiring  and  interlocking 
and  requires  a  minimum  of  cab  space. 

O  _        3(100  Vjll  DC 


^>-.Unil  SwiWi 
-®-Ca»  Switch 
0 1,  .OrtfloaiJ  rnp 
CO.'Ctil  Out  Sarldl 


FIG.   8 — SCHEMATIC    ni.\GR.\M    OF    MAIN    MOTOR    CIRCUITS 

The  cam  group,  as  shown  in  Fig.  7,  is  of  skeleton 
construction,  consisting  of  individual  switches  mounted 
on  micarta  insulated  bars,  supported  between  cast-iron 
end  frames.  The  cam  shafts  in  these  cam  switch 
groups  are  operated  through  a  rack  and  pinion,  by  a 
pair  of  air  cylinders,  to  which  air  is  admitted  and  re- 
leased by  magnet  operated  valves  which  are  energized 
from  the  master  controller.  The  method  of  assembling 
these  groups  permits  of  the  removal  of  any  part  with- 
out disturbing  the  remainder,  and  their  open  constnic- 
tion  facilitates  inspection  and  maintenance. 

Motor  Cut  Outs — -In  case  of 
damage  to  a  traction  motor,  switcli 
es  are  provided  to  disconnect  this 
motor  from  the  circuit.  The  motor 
cut-out  panel,  as  shown  in  Fig.  1 1 , 
consists  of  four  400  ampere  knife- 
switches,  which  are  connected  in 
the  ground  side  of  the  motor  fields. 

Each  of  these  knife  blades  is 
covered  by  an  interlock  barrier 
which  must  be  opened  before  the 
knife  blades  may  be  opened.  Tliis 
interlock  barrier  opens  the  control 
circuit  to  a  3000  volt  electropneu- 
matic  swilth,  connected  in  the 
motor  circuit  just  ahead  of  tlie  ar 
mature  of  the  motor  to  be  cut  out. 
By  this  means,  both  sides  of  the 
motor  to  be  cut  out  are  discon- 
nected from  the  circuit.  The  open- 
ing of  a  remote  controlled  switch  ahead  of  the  motor 
armature,  by  the  barrier  interlock,  eliminates  the  possi- 
bility of  opening  the  .^000  volt  circuit  on  the  knife 
blades. 

Inductive   Field  Shunts — Two   additional    running 


speeds  are  obtained  in  each  of  the  three  motor  com- 
binations by  the  use  of  two  inductive  field  shunts. 
These  shunts.  Fig.  12,  are  similar  to  a  transformer  in 
onstruction,  consisting  of  copper  coils  with  a  laminated 
iron  circuit.  They  are  assembled  in  sheet  steel  cases 
and  are  provided  with  forced  ventilation  by  individual 
blowers,  which  run  only  when  the  shunts  are  in  use. 

Each  shunt  takes  15  percent  of  the  current  from 
the  motor  fields  making  a  total  shunting  of  30  percent. 
The  use  of  a  divided  shunt  not  only  gives  an  additional 
running  speed,  but  has  proven  a  decided  advantage  in 
service,  in  permitting  the  use  of  the  shunt  on  heavy 
grades  where  the  armature  current  peak,  which  would 
be  caused  by  the  use  of  a  single  30  percent  shunt,  would 
jirohibit  its  use. 

The  field  shunts  are  connected  across  the  moior 
fields  by  two  four-switch,  electropneumatically  operated 
cam  switch  groups.  These  groups  are  similar  in  con- 
struction and  operation  to  the  motor  combin.-i' ion 
groups,  and  the  switches  are  provided  with  magnetic 
blowouts  and  arc  shields. 

Main  Motor  Field  Reverser — The  reverser  consists 
of  a  sixteen  switch  cam  switch  group  with  an  inteilock 
drum  mounted  on  the  cam  shaft.  The  use  of  cam- 
operated  switches  for  a  reverser  permits  of  increased 
insulation  between  contacts,  and  requires  less  attention 
for  inspection  and  maintenance  than  the  drum  type. 

Regeneration  Change-Over — An  eight  switch  group 
of  cam  switches  is  provided  to  insert  the  axle-generator 
armature  in  the  field  circuit  for  excitation  of  the  fields 
during  regeneration. 

Stabilizing  Resistance  Cam  Switches — One  group 
of  four  cam  switches  is  used  to  connect  the  stabilizing 
resistors   from  the  motor  armatures  to  ground,  in   the 
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F.olliNCK    OF    SWnCHKS    IN     MAIN     MOTOR    CIRCUITS 
See  corriniiui  .il  lh.I  ,.f ,<jih>sI...ii  llov 

No.  I  and  No.  2  combinations  regenerating.  In  the 
No.  3  combination,  six  switches  of  a  seven  switch 
group  are  used  to  connect  the  three  banks  of  stabilizing 
resistance  from  the  three  sets  of  motor  armatures  to 
ground,  the  remaining  switch  being  used  to  parallel  the 
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-schematic  diacr.\m  of  main  control  circuits 
Apparatus  Numbers 


I  to  ID — Line  Switches. 

II  to  27 — Resistor  Switches. 
28  to  33 — Motor  Switches. 

34  A  to  I — Motor   Combination   Cam   Switch   Group   No.    I    to 

No.  3. 

35  A  to  O — Motor  Combination  Cam   Switch  Group   No.  2  to 

No.  3. 

36  A  to  P — Reverser  Cam  Switch  Group. 

37  A  to  D — Field  Shunt  Cam  Switch  Group  No.  i. 
^  A  to  D — Field  Shunt  Cam  Switch  Group  No.  2. 

30  A  to  D — Stabilizing   Resistance   Cam   Switch   Group   No.    i 
and  No.  2. 

40  A  to  G — Stabilizing  Resistance  Cam  Switch  Group  No.  3. 

41  A  to  H — Regenerating  Change-over   Cam   Switch   Group. 

42  A  to  I — Auxiliary  Change-over  Cam  Switch  Group. 

43  S  and  43\\' — Notching  Relays. 

44 — .^xlc  Generator  Voltage  Regulating  Relay. 

45 — Balancing  Relaj'. 

47 — Tripping  Drum. 

51 — Motor  Generator  Starting  Resistance  Switch. 

53 — Resistor  Switch  Tripping  Relay. 


57 — Over- Voltage  Trip  Relay. 

60 — Trolley  Overload  Trip  Rela)-. 

60A — No.  2  and  No.  3  Motor  Overload  Trip  Relay. 

60B — No.  4  and  No.  5  Motor  Overload  Trip  Relay. 

60C — No.  I  and  No.  6  Motor  Overload  Trip  Relay. 

61 — Axle  Generator  and  Regenerating  Cutout  Switch. 

73 — Motor  Switch  Interlocking  Relay. 

75 — Auxiliary  Transfer  Relay. 

76 — Axle  Generator  Field  Switch. 

77 — Axle  Generator  Over-voltage  Field  Switch. 

84 — Main  3000  Volt  Knife  Cutout  Switch. 

87 — Main  Motor  Blower  Switch. 

88 — No.  I  Blower  Regenerating  Interlock  Valve. 

88A — No.  2  Blower  Regenerating  Interlock  Valve. 

89 — Air  Brake  Emergency  Cutout  Switch. 

91 — Sander  Switch. 

90 — Main  Motor  Cutouts. 

ggA — No.  I  Motor  Cutout  Switch. 

ooB — No.  2  and  No.  3  Alotor  Cutout  Switch. 

qqC — No.  4  and  No.  5  Motor  Cutout  Switch. 

qgD — No.  6  Motor  Cutout  Switch. 
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two  axle-generator  armatures  for  supplying  field  exci- 
tation to  the  three  sets  of  motor  fields. 

Installation  of  Main  Wiring — To  provide  proper 
protection,  all  the  cable  runs  between  compartments 
are  installed  in  iron  pipe  conduit.     In  the  low-voltage 


=^'"=d 


l-IG.    1 1- -MOTOR   CUT-OUT    IIOAKI) 

With  switches  closed  in  upper  view  and  liarricrs  open  in 
lower  view'. 

and  main  resistor  compartments,  bare  copper  strap  is 
used  for  interconnections  between  the  various  pieces  of 
apparatus.  This  form  of  connection  occupies  much  less 
space  than  cable  and  is  fireproof. 


FIG.    12 — INDUCTIVE    KIEI.D    SHUNT 
CONTROL    SCHEMATIC. 

Having  determined  the  proper  number  and  type  of 
switches  and  contacts  to  establish  the  various  motor 
groupings  and  the  order  in  which  these  switches  are 
to  he  closed  and  opened,  the  next  step  in  the  general 


design  was  the  development  of  the  control  schematic. 

The  sequence  diagram,  Fig.  9,  naturally  forms  the 
basis  for  the  control  schematic.  The  simplest  possible 
schematic  was  first  laid  out  from  the  sequence  diagram, 
showing  the  master  controller  contacts  required  to  close 
the  various  switches,  and  the  circuits  from  the  con- 
troller to  the  coils  of  the  switches.  This  simple 
schematic  was  then  analyzed  and  interlocks  provided  to 
protect  the  equipment  against  injury,  due  to  improper 
manipulation  of  the  controller  or  failure  of  any  contact 
or  coil  in  the  circuit. 

Fig.  10  shows,  in  schematic  form,  the  control  cir- 
cuits on  the  locomotive  concerned  with  the  operation  of 
the  main  control.  Current  for  operation  of  the  control 
apparatus  is  taken  from  an  85  volt  generator,  or  from 
an  80  volt  battery  when  the  generator  is  not  running. 

When  the  control  circuits,  as  shown  in  Fig.  10,  are 


VIC.    13 — TOF   VlliW    OK    MASTER   CONTROLLER 

Upper  right — main  handle,  17  positions.  Center  right — 
reversing  lever.  Upper  left— motor  combination  lever.  Lower 
left — regeneration  lever.  Just  below  the  pivot  of  the  main 
operating  handle  is  a  line  switch  button  which  permits  the 
motorman  to  come  in  on  any  motor  combination,  after  a  period 
of  coasting  or  regenerating. 


the    various    groups    into    which    they 
they  will  be  found  to  be  comparatively 


examined  i 
naturally  fa 
simple. 

The  control  of  the  reverser  and  line  switches  forms 
one  group,  the  line  switches  being  so  interlocked  that 
they  cannot  be  closed  until  the  master  controller  main 
drum  has  been  moved  to  the  first  position,  and  the  re- 
verser to  the  position  indicated  by  the  master  controller 
reverser  handle. 

The  control  of  the  regeneration  change-over  and 
the  motor  switches  forms  another  distinct  group. 
These  switches  are  interlocked  in  a  manner  similar  to 
the  line  switches,  so  that  they  cannot  be  closed  until  the 
master  controller  main  drum  has  been  moved  to  the  first 
position  and  the  regeneration  change-over  has  thrown 
fully  to  the  position  indicated  by  the  master  controller 
regeneration  handle. 
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To  complete  the  power  circuit  to  the  main  motors, 
it  is  necessary  to  have  both  the  line  and  the  motor 
switches  closed.  As  these  switches  are  in  two  separate 
control  circuits,  it  is  necessary  to  energize  two  separate 
wires  from  the  main  drum  of  the  master  controllei-  to 
complete  the  main  circuits  to  the  motors. 

The  control  circuit  of  the  resistance  switches  forms 
a  group  which  is  associated  with  the  line  switch  group 
by  reason  of  the  special  arrangement  for  opening  the 
circuit  by  the  over-load  and  over-voltage  trip  relays. 
An  operation  of  any  one  of  the  over-load  trips  or  the 
over-voltage  trip  will,  through  a  system  of  progressive 
interlocking,  gradually  insert  the  main  resistance  before 
finally  opening  the  circuit.  This  arrangement  not  only 
reduces  the  arcing  duty  on  the  individual  switches,  but 


KIG.    14 — MASTER   CONTROLLER   WITH    COVERS   OFF 

prevents  the  objectionable  voltage  surges  in  the  motors 
and  line  which  would  be  caused  by  the  sudden  rupture 
of  a  heavy  over-load  or  short-circuit. 

The  motor  combination  or  transition  groups,  used 
to  set  up  the  different  combinations  of  the  main  motors, 
are  controlled  directly  from  the  motor  combination 
drum  in  the  master  controller,  and  the  "set  up"  for  any 
combination  may  be  made  with  the  main  handle  in  the 
Ojf  position.  In  making  the  shunting  transitions  from 
one  combination  to  another,  during  acceleration,  the 
operating  circuits  to  these  groups  are  so  interlocked 
.  that  the  switches  will  not  close  until  the  proper  resist- 
ance for  the  transition  has  been  inserted  by  first  mov- 
ing the  main  handle  back  to  open  a  certain  number  of 
resistance  switches. 

The  field  shunt  switches  and  the  small  blowers  for 
the  shunts  are  controlled  directly  from  the  main  drum 
of  the  master  controller,  and  are  so  interlocked  that 
they  will  operate  only  during  motoring. 


The  operating  coils  of  the  axle-generator  field 
switches  /d  and  77  are  so  connected  that  the  field  cir- 
cuit is  completed  only  when  the  master  controller  re- 
verse handle  is  thrown  to  one  of  the  operating  positions. 


FIG.    15 — OVERLOAD  TRIPS 

The  contacts  of  the  77  field  switch  are  connected  in  the 
circuit  of  the  arm  of  the  axle-generator  field  rheostat, 
and  an  interlock  on  the  over- voltage  trip  is  connected 
in  the  circuit  of  coil  of  7J.  An  operation  of  the  over- 
voltage  trip  will  open  JJ,  thereby  inserting  all  field  re- 
sistance that  may  have  been  cut  out  by  the  movement  of 
the  rheostat  arm.  This  action  quickly  reduces  the 
axle-generator  voltage  responsible  for  the  over-voltage 
on  the  main  motors. 

The  control  of  the  axle-generator  voltage  forms  an- 
other group  of  circuits  which  is  largely  independent  of 
the  other  circuits.  During  motoring  and  coasting,  the 
voltage  is  held  constant  by  a  voltage  regulating  relay, 


for  operation  of  the  compressor  and  blowers,  as  outlined 
ill  the  description  of  the  auxiliary  circuits.* 

When  starting  regeneration  f-nd  while  on  resistance 
notches  in  the  regenerating  connections,  the  axle-gen- 


*See  article  on  ".\uxiliary  and  Lighting  Control  Equip- 
ment" by  Mr.  J.  A.  Clarke,  Jr.,  in  this  issue  of  the  Journal, 
]).  244. 
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erator  voltage  i."^  controlled  by  a  balancing  relay,  which 
tends  to  balance  locomotive  voltage  with  line  voliage. 
When  all  main  grid  resistance  is  cut  out  in  regeneration, 
the  axle-generator  voltage  is  controlled  manually  from 
the  master  controller  main  handle  on  the  15,  16,  and  17 
notches.  Notching  relays  are  used  to  limit  the  move- 
ment of  the  axle-generator  rheostat  arm  to  one  notch 
for  each  movement  of  the  main  handle  from  16  to  17 
cr  16  to  15.  The  main  motor  field  strength  is  regulrUed 
manually,  by  this  means,  to  adjust  the  value  of  the  re- 
generated current. 

CONTROL  APPARATUS 

The  control  schematic  forms  the  basis  for  the  se- 
lection and  electrical  design  of  the  control  equipment. 
A  portion  of  the  equipment  may  be  classified  as  purely 
control  equipment,  such  as  the  master  controller  and 
certain  of  the  relays.  The  greater  portion  of  the  con- 
trol circuits,  however,  is  made  up  of  the  operating  coils 
and  interlock  contacts  of  the  line  switches,  resistance 
switches  and  cam  switch  groups.  The  control  current 
required  to  operate  one  of  the  magnet-valves  on  any  of 


7 — liALANCi; 


the  switches  or  cam  groups  is  less  than  a  quarter  of  an 
ampere.  The  low  currents  handled  on  the  control  cir- 
cuits tend  toward  great  reliability  and  low  mainten- 
ance, as  there  is  practically  no  burning  or  arcing  on  the 
master  controller  or  other  contacts. 

The  Master  Controller — An  unusually  large  num- 
ber of  accelerating  resistance  steps  was  provided  on 
this  locomotive  to  insure  smooth  acceleration  and  to 
permit  a  high  rate  of  acceleration  with  less  tendencv  to 
slip  the  drivers  due  to  current  peaks.  In  addition  to 
the  three  running  speeds  provided  by  the  three  motor 
combinations,  there  are,  as  previously  noted,  two  shimt 
field  running  notches  available  in  each  of  the  three  mo- 
tor combinations.  This  makes  a  total  of  45  accelerat- 
nig  and  running  positions  for  the  main  handle.  This 
number  of  notches  on  one  drum  would  have  required  an 
inconveniently  large  angular  movement  of  the  main 
handle,  and  a  large  and  heavy  main  drum. 

In  order  to  reduce  the  angular  movement  of  the 
main  handle,  to  simplify  the  mechanical  interlocking  in 
the  controller  and  to  provide  for  starting  regeneration 
in  anj'  motor  combination,  a  novel  and  convenient  ar- 
rangement of  controller  levers  is  employed.     A  motor 


combination  drum  is  used  to  set  up  the  different  motor 
combinations,  the  main  drum  carrying  only  14  resist- 
ance steps  and  two  field  shunt  steps.  A  reverse  dium 
is  used  to  control  the  direction  of  movement,  and  a  re- 
generation drum  is  provided  to  set  up  the  proper  con- 
nections for  either  motoring  or  regenerating. 

The  construction  of  the  controller  is  e.xceedir.gly 
simple  notwithstanding  the  fact  that  motoring  or  re- 
generative braking  is  provided  in  three  different  combi- 
nations of  the  main  motors.  Fig.  13  shows  the  ar- 
langement  of  the  operating  handles  and  Fig.  14  shows 
the  drums  controlled  by  these  handles. 

Overload  Trip  Relays — The  construction  of  these 
relays  is  shown  in  Fig.  15.  The  setting  of  the  relay  is 
adjusted  by  varying  the  air-gap  between  the  swinging 
armature  and  the  magnet  core.     As  no  springs  are  used 


in  the  adjustment  of  the  setting  of  the  relay,  no  periodic 
testing  or  checking  of  the  setting  is  required.  An  ex- 
cess current  in  the  main  coil  of  the  relay  60  lifts  the 
armature  to  the  magnet  core  thereby  striking  and  rais- 
ing the  rod  carrying  the  contact  discs.  A  collar  on  the 
rod  engages  a  latch  in  the  raised  position,  which  is 
released  to  reset  the  relay  by  a  small  magnet  coil 
actuated  by  a  reset  contact  on  the  main  drum,  which 
turns  a  drum  4/,  closing  several  contacts. 

Over-VoUage  Trip  Relay — This  relay  is  simil,->'-  in 
construction  to  the  over-load  relays,  a  wire  wound  coil 
hting  substituted  for  the  strap  copper  coil. 

Balancing  Relay — This  relay.  Fig.  17,  is  used  to 
balance  the  locomotive  voltage  rutomatically  with  line 
voltage  when  starting  regeneration.  It  consists  of  two 
coils  connected,  through  a  high  resistance,  one  to  the 
Ime  and  one  to  the  motors.  These  coils  act  on  a 
common  armature  pivoted  at  a  point  between  the  two 
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coils.  When  the  locomotive  voltage  equals  line  volt- 
age, the  armature  is  held  midway  or  balanced  between 
two  contacts.  If  the  line  voltage  is  higher  than  the 
locomotive  voltage,  as  is  the  case  when  starting  regen- 
eration, the  armature  is  pulled  down  against  the 
strengthening  contact.  Energizing  this  contact  causes 
the  axle-generator  rheostat  to  cut  out  field  resistance, 
thereby  raising  the  axle-generator  voltage,  the  niain 
field  strength  and  finally  the  main  motor  voltage  until  a 
balance  is  obtained. 

Installation  of  Control  Wiring — Six  control  junc- 
tion panels  are  located  at  convenient  places  in  the  loco- 
motive. All  of  the  wires  from  the  controllers  and  the 
various  pieces  of  apparatus  are  brought  to  these  junc- 
tion panels,  where  all  interconnections  are  made.  This 
method  of  installing  the  control  wiring  eliminates  all 
cross  pulls  in  conduits  and  simplifies  the  wiring  layout. 
Each  conduit  run  is  a  straight  pull  of  wires  from  a  piece 
of  apparatus  to  a  junction  panel  or  between  two  junc- 
tion panels. 

OPERATION    OF    CONTROL   IN    MOTORING 

In  starting  an  acceleration  from  standstill,  the  mo- 
tor combination  lever  must  be  in  the  No.  i  position,  the 
regeneration  lever  at  motoring  and  the  reverse  lever  in 
forward  or  reverse  as  required.  The  main  handle  is 
tl'.en  notched  out  to  the  14th  notch,  where  all  resistance 
is  cut  out  of  circuit  in  the  No.  i  combination.  At  this 
point,  the  motor  combination  handle  is  thrown  to  Nn  2. 
The  "shunting"  transition  to  the  second  combination  is 
rot  made,  however,  until  the  main  handle  is  moved  back 
to  the  first  notch  to  insert  the  proper  value  of  resistance 
for  the  two  sets  of  three  motors.  The  accelerating  re- 
sistance is  then  cut  out  in  the  second  combination  by 
notching  the  main  handle  out  to  the  14th  notch,  a^  in 
the  No.  I  combination. 

The  motor  combination  lever  is  now  thrown  to  No. 
3  and  the  main  handle  backed  off  to  the  4th  notch.  The 
opening  of  the  No.  14  resistance  switch  on  the  fourth 
notch,  completes  the  control  circuit  to  make  the  transi- 
tion from  the  second  to  the  third  motor  combination. 
The  main  resistance  is  now  cut  out  in  the  third  combi- 
nation by  notching  the  main  handle  out  to  the  14th  posi- 
tion, which  is  the  full  field  running  position.  Two 
higher  speeds  are  obtained  by  shunting  the  fields  on  the 
15th  and  17th  positions  of  the  main  handle.  The  shunt 
field  notches  may  be  used  in  any  of  the  three  combina- 
tions by  moving  the  main  handle  up  to  the  15th  or  17th 
notches.  The  interlocking  is  so  arranged  that  it  is  im- 
possible to  close  the  line  switches  in  the  No.  2  or  No.  3 
motor  combinations  out  of  order,  without  first  pressing 
the  "line  switch  button"  on  the  master  controller.  This 
arrangement  prevents  the  engine  man  from  unknowingly 
closing  the  line  switches  in  an  attempt  to  start  from  rest 
in  the  No.  2  or  No.  3  combination.  When  coasting,  how- 
ever, it  is  possible  and  proper  to  close  the  line  switches 
in  either  the  No.  2  or  No.  3  combination  according  to 
the  coasting,  by  pulling  the  speed  lever  up  to  the  No.  i 
position  and  pushing  the  "line  switch  button". 


The  ease  and  rapidity  with  which  the  enginemen 
have  become  familiar  with  this  method  of  manipulation 
IS  a  tribute,  not  only  to  the  simplicity  of  the  control,  but 
to  the  enthusiasm  and  co-operation  of  the  men  them- 
selves. 

OPERATION  OF  THE  CONTROL  REGENERATING 

In  the  design  of  a  system  of  control  for  direct- 
current  regenerative  braking,  there  are  two  distinct  con- 
siderations involved.  The  first  is  the  method  of  parallel- 
ing the  motors,  as  generators,  with  the  substation  gen- 
erators, without  causing  a  surge  in  the  train.  The  sec- 
ond is  the  control  of  the  locomotive  generated  voltage 
to  obtain  and  adjust  the  required  braking  effort.  An 
automatic  method  of  balancing  the  locomotive  voltage 
with  the  line  voltage  was  selected  as  being  the  most  re- 
liable, and  requiring  the  least  effort  in  manipulation. 

To  start  regeneration,  at  any  speed,  the  main 
handle,  if  notched  up  in  motoring,  must  first  be  thrown 
ti;  the  off  position.  The  motor  combination  handle  is 
then  moved  to  set  up  the  motor  combination  approxi- 
mately corresponding  to  the  speed  at  which  the  locomo- 
tive is  moving.  The  regeneration  lever  is  next  thrown 
t';  the  regeneration  position.  This  connects  the  axle- 
generator  exciters  and  the  stabilizing  resistance  in  the 
motor  field  circuits.  As  soon  as  the  axle-generator 
field  rheostat  arm  has  returned  to  the  weak  field  posi- 
tion, as  indicated  by  a  pilot  lamp,  the  main  controller 
handle  is  notched  out  to  the  first  position.  This  con- 
nects the  locomotive  motors,  as  separately  excited  gen- 
erators, to  the  line  through  the  total  main  grid  resist- 
ance. 

Under  normal  conditions,  the  voltage  generated  by 
the  locomotive  is  always  lower  than  line  voltage  when 
first  closing  the  line  switches.  The  higher  line  voltage 
will  then  force  a  small  motoring  current  through  the 
Iccomotive  motors,  with  all  resistance  in  circuit.  This 
current  is  not  sufficient  to  pull  out  the  train  slack  and  is 
quickly  reduced  by  the  action  of  the  balancing  relav  in 
raising  the  locomotive  voltage  to  equal  line  voltage. 

With  the  locomotive  voltage  balanced  to  line  volt- 
age, there  is  no  current  flowing  through  the  main  grid 
resistance,  which  may  now  be  cut  out  of  circuit  by 
moving  the  main  handle  out  to  the  i6th  notch.  The 
closing  of  the  last  resistance  switch,  disconnects  the 
contacts  of  the  balancing  relay  from  circuit,  the  control 
of  the  axle-generator  field  rheostat  being  transferred 
for  manual  control  to  the  15,  16  and  ij  notches  on  the 
n'ain  drum  of  the  master  controller. 

The  16  notch  is  a  neutral  or  holding  position  and  a 
movement  of  the  main  handle  from  this  position  to  15 
and  back,  or  to  17  and  back  will  establish  circuits  to 
move  the  arm  of  the  axle-generator  field  rheostat  one 
point  in  the  strong  field  or  the  weak  field  direction  re- 
spectively. The  same  wire  which  causes  a  movement 
of  the  rheostat  arm  also  energizes  the  coil  of  a  time- 
element  notching  relay.  This  relay  is  so  connected  and 
iidjusted  that  its  contacts  will  open  the  operating  cir- 
cuit to  the  rheostat,  as  soon  as  sufficient  time  has  elapsed 
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for  the  rheostat  arm  to  move  one  point.  No  furtlier 
movement  of  the  rheostat  arm  can  be  obtained,  until 
the  controller  handle  has  been  moved  back  to  the  i6 
position  to  release  the  notching  relay.  This  arrange- 
men  provides  a  positive  notching  of  the  axle-generator 
field  rheostat  through  57  points  by  the  use  of  only  three 
positions  on  the  master  controller  main  drum.  Having 
eKtablished  the  regeneration  connections  and  automatic- 
ally balanced  the  locomotive  voltage  with  the  line,  the 
operator  now  has,  in  effect,  a  controller  with  57  notches 
with  which  to  adjust  the  value  of  the  regenerated  cur- 
rent. 

The  absolute   smoothness  and  ease  with  which   a 
heavy  passenger  train  may  be  handled  down  the  long 


mountain  grades  is  even  yet  a  source  of  unfailing  com- 
ment. Regeneration  is  started  at  the  top  of  the  grade 
and  the  train  slack  bunched  so  gradually  that  it  is  im- 
possible for  a  person  riding  in  the  train  to  tell  when  the 
regenerative  braking  is  applied  to  the  train. 

In  regular  operation  the  value  of  the  regenerated 
current  is  set  at  the  top  of  the  grade  at  a  known  value, 
to  hold  the  train  at  certain  speed.  If  so  desired,  the 
train  may  be  taken  down  the  20  miles  of  two  percent 
grade  on  the  east  slope  of  the  Rockies,  at  a  speed  not 
varying  over  one  mile  per  hour  above  or  below  a  set 
value,  without  the  necessity  of  any  manipulation  of  the 
control. 


rivo  AnxUlary  uiul  M;^lii:iiig  Coiici^i 
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WHILE  the  traction  motors  and  their  control 
constitute  the  most  important  part  of  the 
equipment  of  an  electric  locomotive,  it  is  es- 
sential that  they  be  backed  up  with  sufficient  auxiliary 
apparatus  to  insure  the  complete  and  proper  operation 
of  the  locomotive  and  make  possible  such  convenient 
n.anipulation  as  is  necessaiy  in  a  machine  involving 
such  a  variety  of  functions.  The  locomotive  is  the 
power  plant  of  the  train;  not  only  does  it  furnish  the 
motive  power  for  pulling  the  train  over  the  road,  but  it 
also  supplies  the  means  by  which  its  speed  is  regulated 


.'<:'.  -Sf..    i\,ql   !..■ 


HlC.    I — AINILIARV   CIKCCIT  CONTROL   P.\NEL 

and  it  is  brought  to  a  stop,  when  necessary.  It  supplies 
the  heat  for  the  train  and,  in  this  case,  lights  the  train 
as  well.  All  this  must  be  done  in  such  a  way  as  to  pro- 
vide the  greatest  convenience  and  comfort  to  passen- 
gers, and  the  minimum  amount  of  labor  on  the  part  of 
the  train  crew.  With  these  facts  in  mind  and  a  wealth 
of  engineering  specialists  to  handle  each  separate  prob- 
lem, results  have  been  secured  on  the  Chicago,  Milwau- 
kee &  St.  Paul  locomotives  which  justify  the  effort  and 
are  a  distinct  advance  in  the  art. 


Cl-ARKK,  Jr. 

The  high  voltage  of  the  line  current  precluded  its 
use  on  the  control  and  auxiliary  circuits,  and  made  nec- 
essary a  secondaiy  or  auxiliary  source  of  power.  For 
this  purpose  a  35  kilowatt  motor-generator  set  was 
chosen,  together  with  a  378  ampere-hour  storage 
battery.  The  battery  floats  across  the  terminals  of  the 
generator,  assisting  it  on  the  peak  loads  and  receiving 
charge  when  the  load  is  light.  In  addition,  there  are 
two  40  kilowatt  axle-driven  generators  mounted  on  the 
bogie  trucks.  These  are  used  to  supply  current  for  the 
traction  motor  fields  during  regeneration,  but  when  pull- 
ing or  coasting  above  ten  miles  an  hour,  supply  current 
for  the  air  compressor  motor,  and  for  the  traction  mo- 
tor blowers,  whenever  the  load  and  grade  conditions  re- 
quire them. 

The  auxiliary  control  apparatus  includes,  besides 
the  compressor  motor  and  the  traction  motor  blowers, 
the  complete  system  for  lighting  the  train  and  charging 
the  train  batteries,  the  locomotive  cab  lights  and  head- 
lights, the  boiler  blower  motor,  the  electric  foot- 
warmers,  the  control  for  the  pantagraphs,  and  the  main 
switches  and  fuses  for  the  control  and  protection  of 
these  various  auxiliaries.  The  auxiliary  circuit  voltage 
chosen  was  85  volts,  which  is  satisfactory  for  control 
circuits  and  auxiliaiy  motors.  It  provides  a  margin  for 
charging  locomotive  and  train  batteries  and  will  main- 
tain the  train  lighting  voltage  over  a  wide  range  of  load 
and  line  voltage  variation. 

The  motor-generator  set  consists  of  a  3000  volt 
compound-wound,  double-commutator  motor  direct 
connected  to  a  shunt-wound  generator.  The  shunt  field 
of  the  motor  is  connected  directly  to  the  battery  through 
the  main  control  cutout  switch  as  shown  in  Fig.  2,  and 
is  not  fused.  This  arrangement  insures  a  safe  speed  at 
zero  load.  The  high-voltage  motor  is  protected  from 
overload  by  three  bomb-tj'pe  expulsion  fuses  of  graded 
capacit}%  Fig.  3,  connected  to  a  resistor,  and  so 
arranged  that  the  fuses  blow  successively  in  the  reverse 
order  of  their  capacity,  adding  resistance  to  the  circuit 
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each  time,  so  that  the  current  is  greatly  reduced  when 
the  final  fuse  blows. 

The  motor-generator  is  started  by  running  the 
generator  as  a  motor  from  the  storage  batteiy,  is 
brought  up  to  about  two-thirds  speed,  and  then  con- 
nected to  the  3000  volt  line.  A  three-step  drum  type 
starting  switch  is  used,  Fig.  4,  which  is  mounted  close 
to  the  motor-generator.  The  first  step  inserts  a  small 
starting  resistance,  which  is  short-circuited  on  the  sec- 
ond step,  while  the  third  step  closes  the  high  voltage 
contactor,  Fig.  5,  which  connects  the  motor  to  the  line. 
An  interlock  on  this  contactor  closes  a  holding  circuit- 
for  its  magnet  coil,  as  well  as  for  the  coil  of  the  switch 
vv-hich   connects   the   generator  to   the   storage   battery. 


TUOOOO  ;  ' 
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The  control  for  the  two  air-operated  pantagraphs 
is  arranged  to  provide  complete  protection  for  a  man 
entering  a  high-voltage  compartment.  The  air  supply 
to  each  pantagraph  is  controlled  by  a  large  magnet  valve 


FIG.    2 — SCHEMATIC    DIAGRAM    OF    AUXILIARY    CIRCUIT 

The  handle  of  the  starting  switch  works  against  a  spring 
v/hich  returns  it  to  its  Off  position  when  it  is  released. 
The  motor-generator  is  shut  down  by  any  one  of  three 
push-button  "stopping"  switches  which  are  normally 
held  closed,  but  which  open  these  holding  circuits  when 
they  are  operated.  One  of  these  stopping  switches  is 
located  in  each  operating  cab,  adjacent  to  the  panta- 
graph control  switch,  so  that  the  set  can  be  shut  down 
conveniently  and  quickly  before  dropping  the  panta- 
graphs,  thereby  eliminating  any  danger  of  an  arc  at  the 
tioUey  wire.  The  third  switch  is  mounted  close  to  the 
starting  switch  where  it  is  convenient  for  the  fireman, 
cr  for  the  inspector  at  the  roundhouse. 


FIG.    3 — 3000    Mll.l     Arxil.IAKV    CIRCUIT    FUSES 

and  these  are  operated  from  two  small  drum-type  con- 
trol switches,  each  provided  with  a  specially  designed 
handle  which  is  removable  only  in  the  Both  doxmi  posi- 
tion of  the  switch.  The  switch  has  three  other  posi- 
tions which  provide  for  raising  either  the  forward  or 
rear  pantagraphs  alone,  or  the  two  together.  The  con- 
trol circuits  are  so  interlocked  that  with  one  switch  in 
the  Both  up  position,  the  other  switch  can  be  plac-d  to 
raise  the  pantagraphs  as  desired.     Any  other  combina- 


FIG.   4 — THREE-STEl'    DKUM-iyFE    STARTING    SWITCH    FOR 
MOTOR-GENERATOR 

tion  will  immediately  lower  both  pantagraphs,  so  that 
the  removal  of  the  control  handle  from  either  of  these 
switches  absolutely  cuts  the  locomotive  away  from  the 
high  voltage  trolley  line. 
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The  voltage  of  the  generator  is  automatically  main- 
tained constant  by  means  of  a  motor-driven  rheostat, 
Fig.  6,  in  its  shunt  field,  which  is  controlled  by  a  volt- 
age regulating  relay,  Fig.  7,  through  a  set  of  reversing 
relays  or  switches.  The  coil  of  this  voltage  regulaiing 
relay  is  connected  across  the  terminals  of  the  generator 
and  works  against  a  spring  to  control  a  three-way  con- 
tact attached  to  its  armature.  This  armature  is  elec- 
trically connected  to  one  side  of  the  control  circuit  and 
"floats"  in  a  center  or  open-circuit  position  when  the 
voltage  is  normal.  Any  change  in  voltage  immediately 
causes  the  relay  armature  to  close  a  pair  of  reversing 
switches  which,  in  turn,  close  the  armature  circuit  of 
the  rheostat  pilot  motor  in  the  proper  direction  to  ad- 
just the  generator  shunt  field  and  correct  the  voltage. 
Ihe  rheostat  pilot  motor  field  coil  is  continuously  in 
circuit  whenever  the  generator  is  running.  A  dynrmiic 
braking  resistance  is  permanently  connected  across  the 
armature  of  this  motor  to  secure  an  absolute  stop  the 
instant   its   armature   is   de-energized,   and   a    damping 
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coil,  wound  on  the  same  spool  as  the  main  coil  of  the 
voltage  regulating  relay,  is  connected  across  this  brak- 
ing resistance  to  prevent  hunting  of  the  generator  volt- 
age. The  shunt  field  resistor  has  a  sufficient  number  of 
steps  to  provide  proper  voltage  regulation  at  all  ioads 
and  for  a  speed  variation  corresponding  to  changes  of 
the  line  voltage  between  the  setting  of  the  over-voltage 
relay  and  half  the  normal  line  voltage.  This  wide 
range  of  operation  is  required  on  account  of  the  power 
limiting  device  on  the  trolley  and  feeder  system,  which 
automatically  reduces  the  voltage  whenever  the  total 
load  in  a  given  section  of  railroad  exceeds  the  maximum 
allowable  peak  load. 

The  storage  battery  consists  of  38  cells  mounted  in 
two  compartments  just  below  the  floor  of  the  cab  at  its 
center.  These  compartments  are  lined  to  protect  the 
battery  from  low  temperatures  and  have  convenient 
outside  doors  to  provide  access  for  inspection  at  the 
roundhouse.  An  ampere-hour  meter,  set  to  run  slow 
on  charge,  indicates  the  amount  of  charge  out  of  the 


battery  at  any  time.  A  small  rheostat  in  series  with  the 
coil  of  the  generator  voltage-regulating  relay  permits 
small  variations  in  the  charging  voltage,  in  order  to 
take  care  of  abnormal  discharges.     The  battery  is  kept 
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fully  charged  in  regular  service  on  the  road,  and  the 
equalizing  charges  are  made  at  the  roundhouse  during 
the  periodic  inspections. 

The  fields  of  the  two  axle-generators  are  connected 
in  series  across  the  85  volt  circuit  of  the  motor-genera- 
tor, and  the  voltage  of  these  axle-generators  is  main- 
tained constant,  except  when  the  main  motors  are  re- 
generating, by  means  of  a  voltage  regulating  system 
similar  to  that  described  for  the  m.otor-generator.  Dur- 
ing regeneration  they  are  controlled  by  a  balancing  re- 
lay and  manually  through  the  master  controller.* 

The  compressor  motor  for  the  airbrake  system, 
which  is  the  largest  single  part  of  the  auxiliary 
load,  is  transferred  automatically  from  the  motor- 
generator  and  battery  to  the  axle  generators,  whenever 
the  locomotive  exceeds  a  speed  of  approximately  ten 
miles  an  hour  while  pulling,  coasting  or  using  the  air 
brakes.  This  is  accomplished  by  means  of  a  transfer 
relay.  Fig.  8,  connected  across  the  terminals  of  one  axle 
generator.  When  this  relay  picks  up,  it  closes  the  con- 
trol circuit  to  the  magnet  valves  of  a  group    of    cam 


KIO.    7 — VOLTAGE   REGULATING    RELAY    AND   REVERSING   RELAYS 

Controlling  the  motor-driven  shunt  field  rheostat, 
switches.   Fig.   9,   which   operate   so   as   to   set   up   the 
desired  circuits. 

The  air  compressor  furnishes  air  for  the  train 
brake  system,  the  electropneumatic  control  system, 
signals,  locomotive  whistle  and  the  atomizer  for  the 


*See  article  by  P.  L.  Mardis  in  this  issue,  p.  235. 
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heating  boiler  burners  when  starting  the  boiler.  It  is  a 
150  foot  compound  type,  driven  by  a  series  motor.  It 
is  automatically  started  and  stopped  by  an  air-operated 
governor  which  controls  a  magnetically-operated  con- 
tactor in  its  motor  circuit.  This  contactor  is  also  con- 
trolled by  two  snap  switches.  One  is  mounted  over  the 
governor  for  cutting  it  off  electrically  for  inspection  or 
adjustment,  and  the  other  is  located  beside  the  motor- 
generator  switch,  so  that  the  compressor  may  be  cui  off 
when  starting  the  motor-generator  from  the  storage 
battery.  In  order  to  compensate  for  the  heavy  starting 
load  of  the  compressor  motor,  there  is  a  series  field  on 
the  generator  which  is  only  energized  when  the  com- 
pressor or  blowers  are  running. 

The  train  lighting  circuits  are  connected  directly 
across  the  motor-generator  and  controlled  from  a  train 
lighting  panel  on  the  locomotive.  Three  train  line  wires 
run  through  the  train  from  three  knife  switches  on  the 
train  lighting  panel,  as  shown  in  Fig.  10.     One  of  these 


a  permanent  "ballast"  resistor  of  small  ohmic  value  is 
connected  in  the  negative  lead  between  the  generator 
and  the  storage  battery,  and  the  compressor  motcr  is 
connected   on   the   battery   side   of   this   resistor.     The 


FIG.    8 — AUXILIARY    CIRCUIT   TRANSFER    RELAY 

wires  is  the  positive  generator  lead.  The  negative  lead 
from  the  generator  is  carried  through  a  circuit-breaker 
and  the  train  battery  charging  rheostat.  Then  ii  is 
divided,  one  branch  leading  through  the  battery  knife 
switch  directly  to  the  negative  side  of  the  train  batteries. 
Ihe  other  branch  passes  through  the  train  lamp  rheo- 
stat and  the  lamp  knife  switch  to  the  negative  side  of 
the  train  lamps.  With  either  the  circuit-breaker  or  the 
generator  knife  switch  open  and  the  lamp  rheostat  all 
cut  out,  the  train  lamps  are  lighted  from  the  train 
batteries.  This  "loop"  in  the  locomotive  is  in  parallel 
with  loop  switches  in  the  train,  although  the  latter  are 
used  only  when  the  train  is  disconnected  from  the  loco- 
motive. By  closing  both  the  circuit-breaker  and  the 
generator  knife  switch  on  the  train  lighting  panel,  and 
adjusting  the  lamp  and  battery  rheostats  for  the  par- 
ticular load,  the  train  batteries  are  charged  and  the  train 
lamps  are  lighted  from  the  locomotive  generator. 

In  order  to  eliminate  any  momentary  flicker  in  the 
train  lights  at  the  instant  the  compressor  starts  or  stops. 


FIG.    9 — AUXILIARY    CIRCUIT    CHANGE-OVER    CAM    SWITCHES 

larger  part  of  the  compressor  starting  current  is  thereby 
drawn  from  the  battery  and  a  definite  means  of  divid- 
ing the  load  between  the  generator  and  the  battery  is 
provided. 

The  two  traction  motor  blowers,  each  driven  by  an 
85  volt  series  motor,  take  their  power  from  the  a.xle- 
generators.  In  an  emergency  they  can  be  operated 
from  the  motor-generator  and  the  storage  battery  by 
closing  an  emergency  knife  switch  installed  for  this 
purpose.  They  are  connected  in  circuit  by  a  single 
magnetically-operated  contactor,  a  duplicate  of  those 
used  for  the  compressor  motor  and  for  connecting  the 
ro.otor-generator  to  the  battery.  This  contactor  is  con- 
trolled by  a  snap  switch  in  each  operating  cab,  and  the 
circuit  interlocked  through  the  master  controller  re- 
verse drum,  so  that  it  can  be  controlled  only  from  the 
actual  operating  end. 

The  current  for  the  various  control  circuits  is  taken 
from  the  storage  battery  inside  of  the  main  battery 
fuses.  Thus  the  blowing  of  a  main  battery  fuse,  or  the 
stopping  of  the  motor-generator,  does  not  affect  the  con- 
trol of  the  main  motor  circuits.  This  arrangement  is 
also  convenient  for  inspection  and  testing  the  sequence 


19     CB 
FIG.    10 — DI.\CRAM    OF    THE    TRAIN    LIGHTING    CIRCUITS 

of  operation  when  the  pantagraph  is  down  and  the  mo- 
tor-generator is  not  running.  The  control  circuits  are 
protected  by  their  own  fuses  and  a  separate  cutout 
switch  is  used  to  disconnect  them  from  the  storage 
battery. 
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The  locomotive  direct-current  cab  lights  are  also 
connected  directly  to  the  battery  with  separate  fuses 
and  cutout  switches.  The  several  groups  of  lamps  are 
individually  controlled  by  push-button  switches  con- 
veniently located.  A  small  resistor  is  connected  in 
series  with  each  direct-current  locomotive  cab  light  in 
order  to  adapt  the  85  volt  line  for  the  railway  com- 
pany's standard  64  volt  lamps  used  in  the  train.  Cur- 
rent for  the  railway  company's  standard  alternating- 
current  headlight  is  secured  from  slip  rings  on  the  low 
potential  windings  of  the  motor-generator  through  a 
small  transformer,  and  a  three-position  canopy  control 
switch  is  used  for  dimming  the  headlight  when  passing 
another  train.  Alternate  lamps  in  the  locomotive  side 
aisles  are  also  lighted  by  alternating-current  from  the 
same  slip  rings  that  furnish  current  for  the  headlight 
and  they  are  controlled  by  a  push  button  switch  and 
fused. 

A  small,  variable  speed  motor,  driving  a  blower  for 
the  steam-heating  boiler,  is  connected  on  the  battery  side 
of  the  switches  between  the  motor-generator  and  the 
battery,  and  is  separately  controlled  and  provided  with 
its  own  fuses  and  cutout  switch.  A  one  kilowatt  elec- 
tric heater  is  located  on  the  floor  of  each  operating  cab 
a?  a  foot-warmer.  It  is  connected  to  the  motor-gener- 
ator only,  so  that  it  will  not  discharge  the  storage 
battery  if  accidently  left  on  when  the  locomotive  is 
standing  idle. 

In  determining  the  arrangement  of  the  various 
pieces  of  apparatus  on  the  locomotive,  consideration  v/as 
given  to  the  location  of  the  control  switches  and  fuses 
for  the  auxiliaries  so  that  they  would  be  convenient  for 


the  fireman  on  the  road.  All  of  these  switches  which 
are  not  mounted  elsewhere  for  some  particular  purpose, 
are  assembled  on  the  "Auxiliary  Panel  Board",  Fig.  i, 
which  is  mounted  beside  the  low-voltage  end  of  the  mo- 
tor-generator set  and  facing  the  aisle.  Here  are  located 
the  main  battery  and  main  control  cutout  switche.-j  and 
fuses,  the  motor-generator  starting  and  stopping 
switches,  the  main  cab  lighting  snap  switches  and  a 
compressor  control  cutout  switch.  Also  the  four  con- 
tactors for  the  compressor,  the  traction  motor  blowers, 
the  motor-generator  and  the  storage  battery  respec- 
tively, and  the  battery  ampere-hour  meter. 

The  auxiliary  panel  and  the  train  lighting  pane:  are 
located  on  either  side  of  the  boiler  compartment  and  on 
the  same  aisle  as  the  boiler  burners  and  gauges. 
Several  locomotive  lamps  are  connected  in  the  train 
lighting  circuit  and  so  placed  that  the  fireman's  atten- 
tion is  immediately  called  to  any  change  in  the  train 
lamp  voltage.  A  loud-ringing  signal  bell  is  mounted 
near  the  center  of  the  locomotive,  with  a  push-button 
in  each  cab,  so  that  the  engineer  can  signal  to  the  fire- 
man at  any  time. 

It  can  be  seen  that  all  the  control  for  the  auxiliary 
apparatus  is  grouped  within  a  short  distance  of  the 
center  of  the  locomotive,  so  that  the  fireman  can  readily 
look  after  it.  This  insures  the  maximum  efficiency  in 
the  operation  of  the  various  auxiliaries  and  provides  the 
main  traction  motors  and  control  with  that  uniform 
and  reliable  support  which  makes  these  locomotive.^;  so 
successful  in  the  heavy  mountain  service  in  which  they 
are  operating. 


Current  Limiting  Reactors  Commonly  Protect  Both  Service 

and  Equipment 


K.  C.  Randall 


In  the  growth  of  power  stations,  especially  very  large  ones, 
the  possible  concentration  of  power  involves  mechanical  and 
electrical  problems  which  have  been  largely  appreciated  for 
some  time.  Rather  recently  the  matter  of  thermal  capacity  of 
apparatus  has  been  added,  so  that  fairly  definite  knowledge  of 
the  maximum  current  concentrations  to  which  the  equipment 
may  be  exposed  is  necessary  to  a  full  decision.  This  applies 
particularly  in  the  choice  of  bus-bar  supports,  disconnecting 
switches  and  circuit  breakers.  It  is  quite  customary  to  limit 
the  concentration  of  current  by  reactors,  even  though  the 
strength  of  the  bus-bar  supports,  disconnecting  switches,  or 
ability  of  the  circuit  breaker  be  adequate  without  these  current 
limiting  devices.  Hence  the  question  may  arise — why  introduce 
the  material  expense  of  the  reactor. 

In  such  large  stations,  and  also  on  large  systems,  the  pos- 
sible unlimited  current  concentration  might  develop  forces  ex- 
ceeding those  whicli  bus-bar  supports,  disconnecting  switches, 
etc.,  would  be  able  to  withstand.  In  such  instances,  reactors 
may  limit  the  otherwise  excessive  currents  to  values  within  the 
strength  limitations  of  the  current  interrupting  ability  of  the 
equipment.  Still  the  primary  object  of  the  reactors  may  have 
been  for  an  entirely  different  purpose. 

Generating  stations  commonly  serve  loads  of  a  largely 
synchronous  nature  and  to  keep  such  apparatus  in  operation, 


it  is  necessary  that  the  bus  voltage  shall  be  pretty  well  main- 
tained. A  bus  subject  to  relative  low  resistance  short-circuits 
will  not  hold  up  under  such  conditions,  but  one  protected  by 
adequate  reactors  much  belter  maintains  its  voltage.  Hence  it 
is  common  practice  to  find  systems  employing  reactors  so 
arranged  that  heavy  short-circuits,  or  similar  disturbances,  will 
not  drop  the  voltage  of  the  whole  system  and,  therefore,  aflfert 
the  total  synchronous  load,  but  on  the  other  hand  will  isolate 
the  trouble  to  the  particular  feeder  or  part  of  the  system 
directly  concerned.  So  it  follows  that  reactors  primarily  neces- 
sary to  the  protection  of  service,  are  also  effective  in  reducing 
the  burden  on  switching  equipments,  although  not  directly  in- 
tended for  that  purpose. 

The  size  and  capacity  of  reactors  and  their  location  in  the 
circuits  of  large  systems  involve  the  characteristics  of  the 
generating,  transforming  and  transmission  equipment,  and  also 
the  plan  of  operation,  for  manj'  methods  of  reactor  grouping 
have  been  employed  or  proposed.  The  inductance  of  apparatus 
in  series  with  the  reactors  is  equally  effective  in  limiting  the 
current.  Therefore,  definite  knowledge  of  the  inductance  of 
the  apparatus,  and  the  maximum  permissible  current,  is  neces- 
san,'  to  an  economical  choice  of  reactors,  as  well  for  the  pro- 
tection of  the  service  or  apparatus  involved. 


ayo{(t  of  ApparatMS  la  tlio  Cab 

©f  the  Chicago,  Milwaokee  ik  St.  Paul  Locomotives 


C   C.  Wi 

THE  ARRANGEMENT  of  the  apparatus  in  the 
cab  of  an  electric  locomotive  has  much  to  do 
with  its  successful  operation  from  various  stand- 
points, such  as  ease  of  maintenance,  life  of  apparatus, 
accessibility  for  adjustment  in  operation,  etc.  The  ar- 
rangement of  apparatus  in  the  Chicago,  Milwaukee  & 
St.  Paul  locomotives  was  determined  upon  after  a  care- 
ful consideration  of  the  theoretically  ideal  combination 
and  of  the  experience  which  had  been  gained  through 
the  design  and  operation  of  various  other  types  of  elec- 
tiic  locomotives  of  essentially  similar  operating  char- 


A  longitudinal  weight  distribution  diagram  of  the 
cab,  including  the  principal  pieces  of  apparatus,  is  given 
in  Fig.  I.  The  full  line  shows  the  weight  per  foot 
length  of  cab  for  average  running  conditions;  the 
dotted  line  shows  the  conditions  when  the  locomotive 
has  a  full  complement  of  sand,  oil  and  water.  This 
location  in  the  center  of  the  cab  of  a  large  proportion 
of  the  total  mass  supported  by  the  trucks,  indicates  why 
these  locomotives  have  shown  no  tendency  to  "nose" 
since  entering  service. 

An  engineer's  compartment  is  located  at  each  end 
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I — DIAGRAM    OF    WFIGHT    PISTRIIlUTION    OX    THE    LOCOMOTIVE    CAT.   FRAME 


acteristics.  The  principal  characteristics  of  the  ar- 
rangement adopted  are  as  follows : — 

] — The  heaviest  pieces  of  apparatus  are  mounted  we)l 
within  the  truck  center  pin  limits,  and  on  the  center  line 
of  the  locomotive,  in  order  to  reduce  both  swinging  and 
rolling  "dumb-bell"  effect. 

2 — The  weight  is  distributed  evenly  about  both  longi- 
tudinal and  transverse  center  lines. 

3-;-The  apparatus  is  mounted  so  that  the  parts  are 
accessible  for  inspection  and  repairs,  or  can  be  removed 
with  minimum  disturbance  or  adjricent  parts. 

4 — The  pantagraphs  are  located  over  the  truck  center 
pins,  to  minimize  the  effect  of  side  displacement  on  curves. 

5 — The  apparatus  is  arranged  so  that  a  minimum  length 
of  cab  and  wiring  results. 

6 — The  apparatus  is  installed  on  a  central  deck,  with 
an  aisle  on  each  side  to  facilitate  inspection  and  to  aflford 
the  greatest  possible  protection  to  the  apparatus  in  case  of 
a  wreck. 

7 — All  high  tension  apparatus  is  enclosed  in  a  grounded 
compartment  as  a  safety  measure. 

8 — The  minimum  amount  of  inflammable  material  is 
cmploved  and  cable  is  protected  by  conduit  to  reduce  fire 

hajPTii 


of  the  cab,  thus  affording  an  unrestricted  vision  of  the 
track  to  the  engineer,  even  on  curves.  The  engineer's 
compartment  has  all  walls  and  ceiling  lagged  and  is 
supplied  with  double  glass  windows,  since  temperatures 
as  low  as  50  degrees  below  zero  are  encountered.  In 
this  compartment,  the  parts  of  the  air  brake  system 
most  sensitive  to  freezing — the  triple  valve,  transfer 
valve  and  reducing  valves — are  mounted  directly  over 
a  steam  radiator.  An  electric  foot  warmer  is  located 
under  the  engineer's  foot  rest. 

The  pantagraphs  are  located  as  nearly  as  possible 
over  the  truck  center  pins.  Each  pantagraph  is 
mounted  on  and  insulated  from  an  iron  deck  which  is, 
in  turn,  insulated  from  ground  by  porcelain  insulators; 
the  purpose  being  to  prevent  burning  the  roof  if  the 
pantagraph  should  be  damaged.  The  insulators  used 
for  both  pantagraph  and  deck  are  interchangable. 

Each   pantagraph   circuit  is  provided   with   a   dis- 
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connecting  switch,  Fig.  2,  supplied  with  a  sleet  hood, 
and  mounted  on  two  insulators,  similar  to  those  used  on 
the  pantagraph.  The  pantagraph  cable,  before  going  to 
the  main  motor  circuits,  connects  to  another  discon- 
necting switch  inside  of  the  cab,  which  is  a  duplicate 
of  the  two  outside  switches,  except  that  the  sleet  hood 
is  omitted. 

There  are  two  blower  motors,  each  supplying 
forced  ventilation  for  the  motors  of  one  truck.  The 
intake  to  each  blower  motor  is  secured  through  four 
louvres  located  in  the  upper  part  of  the  cab  side  sheets. 
The  outlet  for  the  blower  housing  is  approximately  over 
the  truck  center  pin.  This  outlet  connects  with  the 
main  air  conduit  by  a  flat  sliding  ring  and  sleeve  con- 
struction which  allows  for  relative  motion,  both  vertical 
and  horizontal,  between  the  cab  and  the  duct.  The  air 
duct  is  bolted  rigidly  to  the  main  motor  frames,  one 
duct  for  each  truck. 

The  cab  structure  is  of  usual  Baldwin-W'esting- 
house  design.  A  central  equipment  deck,  raised  with 
respect  to  the  floor  of  the  side  aisles,  affords  ample 
space  for  the  main  motors.  The  roof  is  removable  in 
five    sections.     There   are    also    three    removable    side 


FIG.    2 — P.VNTAGRAPH    DISCONNECTING   SWITCH 

sheets,  one  for  the  motor-generator  set  and  one  for 
each  of  the  blowers. 

The  equipment  deck  is  divided  into  five  spaces, 
four  of  which  have  sheet  iron  side  walls  forming  com- 
partments in  which  the  electrical  controlling  apparatus 
IS  located.  These  side  walls  have  inspection  doors,  con- 
veniently located,  by  means  of  which  a  large  part  o£  the 
apparatus  may  be  inspected  from  the  side  aisles. 

The  main  line  switches  and  resistor  switches  are 
mounted  so  that  the  arc  blows  toward  the  center  of 
the  locomotive.  Asbestos  barriers  are  located  in  front 
of  tlie  switches  to  confine  the  arc.  This  space  is  venti- 
lated through  the  roof.  Fig.  3  shows  a  rear  view  of  a 
group  of  these  switches.  Each  switch  is  a  unit  in  -tself 
and  is  designed  so  that  most  of  its  parts  which  require 
inspection  can  be  reached  from  the  rear. 

The  main  accelerating  grid  resistors  are  mounted 
in  cradles,  which  are  assembled  complete  with  grids, 
insulators  and  interconnections  while  on  the  floor;  the 
whole  assembly  being  then  lifted  into  the  cab.  The  re- 
sistors are  provided  with  triple  insulation.  The  insula- 
tion between  individual  grids  and  between  grids  and  end 
frames  is  composed  of  mica  washers.  The  frames  are 
insulated  from  the  supporting  cradle  by  porcelain  and 


bakelite  duck  insulating  bolts.  The  cradles  are,  in 
turn,  insulated  from  the  cab  supports  by  similar  bolts. 

Ventilation  is  obtained  by  having  expanded  metal 
in  the  lower  half  of  the  grid  compartment  walls  and  by 
providing  ventilators  in  the  roof.  These  ventilators 
may  be  controlled  individually  from  the  side  aisles  and 
may  be  completely  closed,  half  opened,  or  fully  opened; 
the  position  depending  on  operating  conditions  relative 
to  snow.  The  stabilizing  resistors  differ  from  the  ac- 
celerating resistors  in  tliat  they  are  of  low  ohmic  resist- 
ance and  are  subjected  to  larger  currents.  Where 
several  grids  are  paralleled,  the  paralleled  ends  are 
welded  together  after  being  assembled  in  the  frames. 
These  grids  have  the  same  means  of  ventilation  as  the 
accelerating  grids. 

The  train-heating  equipment,  consisting  of  a 
steam   boiler,   water   tanks,   oil   tank,    forced   draught 


FIG.    3 — REAK  VIEW  OF  SWITCH   GROUP 

blower,  oil  and  water  feed  pumps  and  other  accessories, 
requires  30  percent  of  the  total  length  of  the  equipment 
deck  and  the  weight  of  this  equipment  is  approximately 
eight  percent  of  the  total  locomotive  weight.  The  oil 
tank  is  mounted  under  the  boiler  and  below  the  cab 
floor  in  order  to  minimize  the  fire  risk. 

The  battery  boxes  are  located  just  outside  of  the 
oil  tank  and  are  lagged  on  the  inside  with  maple.  The 
batter)'  trays  are  arranged  with  flexible  leads  so  that 
individual  trays  may  be  taken  out  for  inspection. 

The  motor-generator  set  is  mounted  cross-wise  of 
the  deck  to  facilitate  the  removal  of  end  housings  and 
to  avoid  end  tlirust  of  the  rotor. 

The  height  from  the  rail  to  the  center  of  gravity  of 
the  complete  locomotive  is  68  inches  and  that  of  the 
limning  gear  complete  with  main  motors  is  43.75  inches. 
1  he  relatively  high  center  of  gravity  obtained  with  mo- 
tors mounted  in  this  way  is  of  special  importance  from 
the  standpoint  of  road  characteristics  of  locomotive  op- 
erations. 
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SIX-PHASE   CIRCUITS 

SIX-PHASE  circuits  are  used  to  supply  power  to 
the  alternating-current  side  of  rotary  converters. 
The  six-phase  circuit  is  usually  obtained  from  a 
transformer  bank,  the  secondary  of  which  is  connected 
to  the  rotary  converter  by  either  a  six-phase  diametrical 
or  a  six-phase  double-delta  arrangement.  A  rotary 
converter  operates  with  the  minimum  amount  of  heating 
when  the  power-factor  in  the  six-phase  supply  circuit 
is  i(X)  percent,  for  then  the  alternating-current  is  of  the 
smallest  value  for  a  given  direct-current  load.  It  is 
therefore  desirable  to  have  a  power-factor  or  reactive- 
factor  meter  connected  to  the  six-phase  circuit  between 
the  transformer  bank  and  the  rotary  converter.  In  or- 
dinary switchboard  practice,  a  power-factor  or  reactive- 
factor  meter  is  the  only  instrument  that  is  connected  to 
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FIG.     70 — SINGLE-PHASE     POWER-FACTOR 
METER   ON   A   SIX-PHASE  CIRCUIT 

With  diametrical  connection  to  ro- 
tary converter. 


FIG.     /I — SINGLE-PHASE     POWER-FACTOR 
METER   ON   A    SIX-PHASE   CIRCUIT 

With  double  delta  connection  to  ro- 
tary converter. 


the  low-tension  side  of  the  transformer  bank,  all  other 
measurements  being  made  on  the  high-tension  or  line 
side. 

In  Fig.  70  a  single-phase  power-factor  or  reactive- 
factor  meter  is  shown  on  a  six-phase  circuit  with  dia- 
metrical connection  to  the  rotary  converter.  The  prim- 
ary of  the  transformer  bank  is  three-phase.  For  the 
average  installation,  the  alternating-current  load  taken 
by  a  rotary  converter  is  very  nearly  balanced,  and  for 
that  reason  one  single-phase  meter  may  be  used  to  check 
the  condition  of  power-factor.  The  meter  is  connected 
to  one  of  the  three  phases  on  the  low-tension  side  of  the 
transformer  bank,  the  same  as  for  a  single-phase  two- 
wire  circuit.  The  small  arrows  representing  the  direc- 
tion of  currents  from  one  terminal  to  another  in  the 
meter  are  for  the  condition  where  the  voltage  in  the 
phase  is  in  the  direction  from  line  A  to  line  B. 

The  double-delta  connection  to  a  six-phase  rotary 
converter  is  necessary  when  the  power  transformation 
is  from  two  to  six-phase  as  shown  in  Fig.  71.     The 


secondaries  of  both  the  main  and  the  teaser  trans- 
formers consist  of  two  windings.  Each  winding  of  the 
main  transformer  is  connected  in  tee  to  one  of  the  teaser 
windings  respectively  to  form  a  three-phase  circuit,  and 
these  two  three-phase  circuits  are  connected  to  the  slip 
rings  of  the  rotary  converter  so  that  corresponding  leads 
of  the  two  circuits  are  displaced  180  degrees  in  the 
converter  armature,  thus  producing  the  double-delta  ar- 
rangement. The  three  lines  comprising  either  one  of 
the  three-phase  circuits  connected  to  the  three  points  of 
one  of  the  deltas  may  be  treated  exactly  as  a  three- 
phase  three-wire  circuit,  and  since  the  six-phase  load 
taken  by  a  rotary  converter  is  very  nearly  balanced,  a 
three-phase  power-factor  or  reactive-factor  meter  con- 
nected to  one  of  these  three-phase  circuits  is  sufficient 
for  checking  the  power-factor  of  the  machine.  In  Fig. 
71  the  meter  is  connected  to  the  three- 
phase  circuit  represented  by  lines  /,  2  and 
^  the  same  as  for  a  three-phase  three- 
wire  circuit. 

MEASUREMENT  OF  R  E  A  C  T  I  V  E 
VOLT-AMPERES  IN  TWO- 
PHASE  CIRCUITS 

Icu^MeKr  W'licn  thc  CLUTent  in  an  alternating- 

^„  current  circuit  is  not  in  phase   with  the 

voltage,  it  may  be  thought  of  as  being 
composed  of  two  components,  one  in 
phase  with  the  voltage  and  the  other  90 
degrees  out  of  phase  with  the  voltage, 
and  in  a  vector  diagram  such  a  current 
can  be  readily  resolved  into  two  compon- 
nents  for  analytical  purposes.  This  must  not  be  mis- 
construed to  mean  that  two  or  more  separate  currents 
actually  flow  in  any  conductor  for  that  is  not  the  case. 
There  can  be  only  one  current  in  a  given  conductor,  al- 
though it  may  be  produced  by  the  combination  of  a 
number  of  currents  or  component  parts.  However,  for 
the  purpose  of  making  certain  calculations  or  measure- 
ments current  is  considered  as  resolved  into  components 
and  these  components  analyzed  separately.  At  unity 
power-factor  (when  the  current  is  in  phase  with  the 
voltage)  the  torque-producing  reaction  in  a  wattmeter  is 
proportional  to  the  product  of  the  current  and  voltage, 
but  when  the  current  is  out  of  phase  with  the  voltage,  it 
is  proportional  to  the  product  of  the  voltage  and  the 
comj)onent  of  the  current  in  phase  with  the  voltage. 
This  component  is  equal  to  the  current  multiplied  by  the 
coeine  of  the  angle  by  which  the  current  is  out  of  pb.ise 
with  the  voltage.  The  component  of  the  current  which 
is  90  degrees  out  of  phase  with  the  voltage  is  equal  to 
the  product  of  the  current  and  the  sine  of  the  angle  by 
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which  the  current  is  out  of  phase  with  the  voltage. 
The  total  volt-amperes  (the  product  of  volts  and  am- 
peres) in  a  circuit,  where  the  current  is  out  of  phase 
with  the  voltage,  may  also  be  thought  of  as  consisting 
cf  two  components,  one  equal  to  the  product  of  the 
voltage  and  the  component  of  the  current  in  phase  with 
the  voltage  and  the  other  equal  to  the  product  of  the 
voltage  and  the  component  of  the  current  90  degrees 
out  of  phase  with  the  voltage.  The  first  component  re- 
presents the  actual  power  delivered  by  the  circuit,  snd 
the  other  represents  a  loss  in  the  circuit  and  is  termed 
the  "reactive  volt  amperes".  The  power  in  a  single- 
phase  circuit  is  represented  by  the  expression  EI  cos  <j>, 
in  a  two-phase  circuit  by  2  EI  cos  <f>,  and  in  a  three- 
phase  circuit  by  |  J'EI  cos  <j>,  where  for  each  case  E  is 
the  line  voltage,  /  the  line  current  and  <j>  the  angle  of 
lag  or  lead.  It  follows  then  that  the  reactive  volt-am- 
peres are  represented  by  EI  sin  <j),  2  EI  sin  cj>,  |  _?'£/ 
sin  <^  respectively. 

It  is  sometimes  desirable  to  measure  the  reactive 
\olt-amperes  in  a  circuit  and,  in  order  to  do  this  w.th  a 
wattmeter  element,  it  is  necessary  to  secure  a  voltage 
v.hich  is  displaced  in  pha.se  90  degrees  from  the  normal 

Phase  BPhAie  A 
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FIG.     72 — MEASURING 

WATTLESS    VOLT-AMPERES 

WITH   A   POLYPHASE 

WATTMETER 


FIG-      73 — BALANCED     LOAD 
At     UNITY     POWER-FACTOK 


position  for  measuring  power,  so  that  at  unity  power- 
factor  the  wattmeter  element  does  not  show*  any 
measurement  and  at  the  maximum  theoretical  angle  of 
lag  or  lead  of  90  degrees  the  wattmeter  will  show  full 
scale  deflection.  The  reactive  volt-amperes  in  a  single- 
phase  circuit  cannot  be  measured  by  a  wattmeter,  for 
it  is  not  possible  to  displace  the  voltage  90  degrees  in 
[ihase  from  the  normal  position  for  measuring  power. 
In  case  of  two-phase  and  three-pha.se  circuits  the  re- 
active volt-amperes  can  be  measured  w'ith  a  polyphase 
wattmeter,  for  it  is  possible  in  these  circuits  to  select  or 
produce  the  necessary  voltages. 

The  connections  for  measuring  the  reactive  volt- 
amperes  in  a  two-phase  circuit  with  a  polyphase  watt- 
meter are  shown  in  Fig.  72.  Standard  voltage  and  cur- 
rent transformers  are  used  and  the  meter  does  not  re- 
quire special  calibration.  Since  the  voltages  in  the  two 
phases  are  90  degrees  apart,  it  is  only  necessary  to 
connect  the  current  in  one  phase  and  the  voltage  of  the 
other  phase  to  each  element  respectively  in  order  to 
get  the  correct  phase  relations  between  the  voltages  and 
currents  for  measuring  reactive  volt-amperes.  A  vec- 
tor diagram  for  this  circuit  for  a  balanced  load  at  unity 


power- factor  is  shown  in  Fig.  73.  £j  3  and  E^  4,  90  de- 
giees  apart,  represent  the  voltages  in  the  tw-o  phases  and 
/i,  /j,  /g  and  /<  represent  the  respective  line  currents, 
/i  represents  the  current  which  flows  through  the 
right  hand  element  of  the  wattmeter,  since  the  current 
transformer  is  in  line  /.  E^  4,  90  degrees  out  of  phase, 
is  connected  to  the  right  hand  element  and  therefore 
the  measurement  in  this  element  is  E„  4  I^  cos  po°  =  o. 
Likewise  the  measurement  in  the  left  hand  element  is 
E^  3  /j  cos  po°  =  0.  Thus  the  meter  registers  zero 
reactive  volt-amperes  at  imity  power-factor,  which  is 
correct,  since  the  current  is  in  phase  with  the  voltage 
and  the  volt-amperes  are  equal  to  the  watts  delivered 
by  the  circuit.  The  result  is  shown  to  be  correct  also 
from  the  general  expression  for  the  reactive  volt- 
amperes  in  a  two-phase  circuit,  2  EI  sin  0°  =  O. 

In  Fig.  74  is  show-n  a  vector  diagram  for  the  same 
circuit  for  a  balanced  load  at  any  power-factor  where 
the  current  lags  by  an  angle  <^.  The  measurement  in 
the  right-hand  element  Wn  is  £24  /,  cos  (po°  —  <^)  = 
£„  4  /i  sin  <j)  or,  omitting  the  sub-figures,  since  E^  4  is 
equal  to  the  line  voltage  E  and  I^  is  the  line  cur- 
rent, H'r  =  EI  sin  <f>.     The  measurement  in  the  left 


Fin.  74 — BALANCED  LOAD 
WITH  LAGGING  CURRENT 
AT  ANY    POWER-FACTOR 


FIG.      75 — BALANCED     LO.VD 
WITH   LEADING  CURRENT 
AT  ANY  POWER-FACTOR 


hand  element  is  E^  3  I^  cos  (90°  —  </>)  ^=  E^  ^  I^  sin  <f> 
or,  omitting  the  sub-figures  it  becomes  EI  sin  <f>.  The 
sum  of  the  measurements  in  the  two  elements  is  2  EI 
sin  <f>  which  is  correct.  It  can  be  seen  from  the  vector 
diagram  that  if  the  angle  of  lag  becomes  90  degrees,  /, 
is  in  phase  with  £0  4  and  /<  is  in  phase  with  £,  j  and  the 
measurement  by  the  meter  becomes  2  EI  sin  90°  =  2 
F.I.  This  represents  full  scale  deflection  on  the  meter, 
or  in  other  words,  all  the  volt-amperes  in  the  circuit 
are  reactive. 

In  Fig.  75  is  shown  a  vector  diagram  for  the  same 
c'rcuit  for  a  balanced  load  at  any  power-factor  where 
the  current  leads  by  an  angle  <^.  The  measurement  in 
the  right-hand  element  of  the  wattmeter  is  E^  4  /j  cos 
(po°  +  <^)  =  —  £54  /,  sin  <j>.  Omitting  the  sub- 
figures,  since  £,  4  is  equal  to  the  line  voltage  and  /,  is 
the  line  current,  H'n  becomes  equal  to  —  EI  sin  <f>. 
Similarly  the  measurement  in  the  left  hand  element  is 
£,  3 1^  cos  (po°  -\-  <f,)  =  —  El  glf  sin  <^  or  —  EI  sin  tj). 
The  sum  of  the  measurements  in  the  two  elemenTs  is 
—  2  EI  sin  4,  which  is  the  same  as  the  case  of  laggmg 
current  except  that  it  is  negative,  that  is,  the  deflection 
cf  the  meter's  pointer  is  in  the  opposite  direction.     It  is 
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therefore  necessary  for  a  wattmeter,  which  is  to  be  used 
for  measuring  reactive  volt-amperes,  to  be  provided 
with  a  zero-center  scale  so  that  it  may  give  full  scale 
deflection  in  either  direction.  The  meter  thus  con- 
nected not  only  gives  a  measurement  of  the  reactive 
volt-amperes  in  the  two-phase  circuit  but  also  indicates 
whether  the  current  lags  or  leads  by  the  deflection  be- 
ing in  a  positive  or  negative  direction  respectively.  The 
deflection  of  a  meter  is  considered  positive  when  the 


pointer  swings  across  the  scale  from  left  to  right  for 
horizontal  scales,  or  in  a  clockwise  direction  for  circular 
dials  (when  facing  the  front  of  the  meter).  Since  an 
element  of  the  wattmeter  measures  the  reactive  volt- 
amperes  in  each  of  the  two  phases  respectively,  the 
same  as  for  two  independent  single-phase  circuits,  the 
measurement  by  the  meter  is  correct  for  unbalanced  as 
well  as  for  balanced  loads. 


Fho  Thoi'3(\aJ  ^ioragD  J)o;u\aii<l  'V7ncti(\®ter 


3i:s  ChnraciiR'fisiics  anJ  Ap  oil  cation 

Paul  M.  Lincoln 


THE  WIDE  SPREAD  use  of  central  station  rates 
involving  a  maximum  demand  charge,  brings 
with  it  the  necessity  for  means  of  determining  the 
maximum  demand  which  are  accurate,  relatively  inex- 
pensive, easy  to  read,  and  whose  registration  conforms 
as  closely  as  possible  to  the  temperature  rise  in  the 
transformers  and  generators  which  supply  the  power. 
Various  types  of  demand  meters  are  in  use,  but  these 
requirements  are  met  most  closely  by  the  thermal  type 
of   instrument. 

The  principle   upon   which  a   thermal  animetcr  is 
based  is  fairly  obvious,  as  the  heat  generated  in  a  re- 


FIG.    I — POLYPHASE  THERMAL  DEMAND    METER 

Polyphase  meters  have  a  double  set  of  heating  elements, 
connected  in  the  usual  method  for  measuring  polyphase  power 
with  two  wattmeters.  For  single-phase,  the  two  sets  are  con- 
nected either  in  series  or  parallel. 

sistor  is  proportional  to  the  square  of  the  current,  which 
can  be  measured  by  a  single  element  The  indicat'ons 
of  the  thermal  watUneter,  however,  depend  on  the  re- 
lative temperatures  of  two  similar  bodies,  each  of  which 
is  influenced  by  the  resultant  of  two  currents,  one  of 
which  is  proportional  to  the  current  in  the  circuit,  while 
the  other  is  proportional  to  the  circuit  voltage.  The 
operation  of  the  thermal  wattmeter  is  shown  diagram- 
matically*  in  Fig.  2,  in  which  A  is  a  single-phase  circuit 
feeding  a  load  B.  A  small  transformer  C  is  incorpor- 
ated within  the  meter  with  its  primary  across  the  circuit 


A.  In  series  with  the  secondary  of  this  transformer 
are  two  equal  resistances  R^  and  /?2-  A.  current  is  set 
up  in  these  resistances  proportional  to  the  voltage  of  the 
circuit.  The  load  current  is  also  caused  to  circulate 
through  these  same  resistances,  as  shown  in  Fig.  2,  be- 
ing taken  in  at  the  middle  of  the  secondary  of  the  small 
transformer  and  out  at  the  connection  between  resist- 
ances i?i  and  i?2-  These  two  currents — one  the  second- 
ary current,  due  to  the  presence  of  the  voltage,  and  the 
other  due  to  the  passage  of  the  load  current — are  addi- 
tive in  one  of  the  resistances  and  subtractive  in  the 
other,  and  the  difference  in  the  heating  effect  of  the 
two  currents  is  proportional  to  the  wattage  of  the  load 


~Qi^ 


^  ^  ^  <>^ 


*The  principle  of  operation  of  this  meter  is  described  fully 
in  a  paper  by  the  author,  Trans.  A.  I.  E.  E.  Feb.  15,  1918.,  Vol. 
XXXVII,  p.  189. 


FIG.    2 — SCHEMATIC     DI.\GRAM     OF    THERMAL    DEMAND    W.\TTMETER 

D.  If  the  current  that  passes  through  the  resistances 
/^i  and  R2,  due  to  the  presence  of  the  voltage  is  repre- 
sented by  E,  and  the  load  current  therein  by  /,  the  re- 
sultant current  in  one  of  these  resistances  is  E  plus  ^  I, 
and  in  other  E  minus  ^A  /. 

Two  spiral  springs,  F  and  G,  made  from  bimetallic 
strips,  are  attached  rigidly  to  their  casings  at  the  outer 
ends  and  to  a  common  shaft  H  at  their  inner  ends. 
These  bimetallic  springs  tend  to  coil  up  with  increase  in 
temperature  (due  to  the  difference  in  temperature  coeffi- 
cient of  the  two  metals  of  which  they  are  composed) 
but,  since  the  two  springs  are  wound  in  opposite  direc- 
tions, no  movement  of  the  shaft  H  will  take  place  unless 
there  is  a  difference  in  temperature  between  F  and  G. 
The  shaft  H,  therefore,  will  not  turn  with  changes  in 
atmospheric  temperature  or  with  any  other  condition 
that  causes  both  springs  to  maintain  the  same  tempera- 
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ture,  but  will  respond  only  to  the  difference  in  tempera- 
ture caused  by  the  difference  in  the  losses  in  resistances 
./?!  and  /?2.  5"i  and  S^  represent  diagrammatically  the 
thermal  storage  of  the  cases  in  which  the  bimetallic 
springs  F  and  G  are  enclosed.  Due  to  this  thermal 
storage,  the  wattmeter  does  not  respond  instantly  to  a 
change  in  load,  but  always  indicates  the  logarithmic 
average  load  over  the  time  period  immediately  preced- 
ing the  instant  of  observation,  the  length  of  this  time 
period  being  determined  in  pari  by  the  amount  of 
thermal  storage  of  the  cases.  AT  is  a  pointer  attached 
lo  shaft  H  and  traveling  over  the  scale  L.  M  is  a  fric- 
tion pointer  which  shows  the  highest  position  of  pointer 
K  since  last  reset. 

That  the  indications  of  such  a  device  will  corre- 
spond to  the  watts,  independent  of  power-factor,  is 
indicated  graphically  in  Fig.  3.  Suppose  AB,  Fig.  3,  is 
the  value  of  the  current  that  flows  through  the  resist- 
ances 7?i  and  i?,,  due  to  the  secondarj'  voltage  E  in  the 
transformer  C  of  Fig.  2.  Suppose  further  that  CD,  re- 
presents both  in  magnitude  and  phase  angle  the  load 
current  /  that  flows  through  these  same  resistances.  It 
is  obvious  that  the  resultant  current  in  resistance  R-^  is 
proportional  to  the  distance  AC  Fig.  3,  and  that  in  R^_ 
is  proportional  to  AD.     If  AB  and  CD  are  in  phase,  the 


FIG.   3 — VECTOR    Dl.AGRAM    OF    CURRENT    REL.\T10.\S 

resultant  currents  are  respectively  E  -\-  1/2  I  and  E  — 
1/2  L  Since  the  heating  effects  are  proportional  to  the 
squares  of  these  values,  the  indication  on  the  scale  is 
proportional  to  (£  +  1/2  ly  —  (£  —  1/2  ly  =  2  EL 
If  AB  and  CD  are  90  degrees  out  of  phase  with  each 
other,  it  is  obvious  that  the  two  resultants  will  always 
be  of  the  same  value.  For  any  other  angle,  or  for  any 
wave  shapes,  it  can  be  proved  mathematically*  that  the 
watts  are  proportional  to  AC^  —  AD^,  and  this  is  the 
value  that  is  measured  by  the  demand  meter.  The  time 
element  of  the  meter  is  dependent  upon  the  heat  storage 
capacity  of  the  springs  and  their  case.s.  It  is  defined  as 
the  time  required  for  the  meter  to  reach  90  percent  of 
the  value  of  a  continuously  applied  load. 

The  quantity  measured  by  the  thermal  storage  de- 
mand meter  is  the  average  watts  over  a  certain  time 
previous. to  the  instant  of  observation,  rather  than  the 
instantaneous  watts  as  measured  by  an  ordinary  watt- 
meter. Further,  the  average,  so  measured,  is  not  the 
arithmetical  average,  but  what  is  called  the  "logarith- 
mic" average.  In  other  words,  the  indication  of  a 
thermal  storage  wattmeter  is  not  that  due  to  the  watts 
passing  at  that  instant,  but  is  the  resultant  of  all  the 

♦Such  proof  is  given  in  Appendix  II  of  a  paper  entitled 
"Rates  and  Rate  Making'  Trans.  A.  I.  E.  £.,  October  8,  loi^. 


wattage  flow  that  has  passed,  each  instant  of  past  flow 
having  a  value  influenced  in  respect  to  its  time  proxi- 
mity by  a  logarithmic  law.  When  the  word  average  is 
used  in  its  commonly  accepted  sense,  it  is  assumed  that 
each  instant  of  time  over  which  the  average  is  taken  has 
equal  weight.  In  the  resultant  that  is  obtained  by  a 
heat  storage  meter,  each  instant  of  time  has  not  an  equal 
weight,  but  the  influence  of  each  instant  decreases  with 
its  remoteness  in  point  of  time.  The  degree  by  which 
the  watts  during  any  instant  influence  the  total  indica- 
tion is  proportional  to  t-kt  where  i  is  the  base  of  the 
Napierian  logarithms,  k  is  an  adjustable  constant  and 
/  is  the  time  measured  backward  from  the  instant  of 
observation.  If  a  steady  load  W  is  applied  to  the 
meter,  the  meter  starting  at  zero,  the  theoretical  read- 
ing of  the  meter  after  an  application  of  the  load  IV  for 

/  -  e  T     1,  r  being  the  period  of 

the  meter  in  minutes.  For  steady  loads,  the 
logarithmic  and  arithmetical  averages  are  the  same. 
The  same  is  true  where  the  load  is  fluctuating,  provided 
the  fluctuations  in  load  are  comparatively  rapid.     For 
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no.  4 — coMP.^RIso^I   of  thermal  demand   meter  registration 

WITH    ARITH.METIC  AVERAGE  OF   LOAD 

instance,  if  the  load  fluctuations  do  not  exceed  two 
ir.inutes  in  duration  on  a  thirty  minute  meter,  the  results 
on  the  logarithmic  and  arithmetical  average  meters  are 
the  same. 

For  isolated  peaks  of  load  of  longer  duration 
than  two  minutes,  the  logarithmetic  average  meter  re- 
sponds to  the  increment  of  load  in  excess  of  the  pre- 
viously existing  steady  load  in  a  manner  that  will  give 
results  close  to,  but  not  necessarily  indentical  with  the 
arithmetical  average.  In  general,  the  logarthmic  aver- 
age meter  will  give  results  much  closer  to  the  arith- 
metical average  maximum  demand  than  will  the  stand- 
i-.rd  "block  interval"  demand  meters  now  in  use  for 
measuring  maximum  demand.  For  instance,  the 
arithmetical  average  of  an  isolated  peak  load,  for  a  time 
duration  of  more  than  about  26  minutes,  will  be  less 
than  the  registration  of  a  30  .-ninute  thermal  demand 
meter,  the  maximum  value  of  the  difference  being  ten 
percent  of  the  increment  of  the  peak  load  over  the  pre- 
viously existing  steady  load,  as  shown  in  Fig.  4.  For 
peak  load  durations  less  than  about  26  minutes  the 
arithmetic   averaee    will   be   less   than    the   logarithmic 
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average  registered  by  the  thermal  meter,  the  percentage 
difference  increasing  as  the  duration  of  peak  load  de- 
creases, as  showing  in  Fig.  4.  For  example,  if  a  ten 
kw  load  is  applied  to  a  30  minute  thermal  demand  meter 
for  five  minutes,  it  will  register — providing  the  previous 
load  has  been  zero — about  2.64  kw  of  demand,  while 
the  arithmetical  average  of  that  same  five  minute  peak 
over  the  30  minute  period  would  be  1.67  kw.  If  the 
peak  should  last  for  twenty  minutes  instead  of  five 
minutes,  the  thermal  meter  would  register  approxi- 
mately 7.54  kw  of  demand  as  against  6.67  kw  by  the 
prithmetical  meter.  As  indicated  above,  at  about 
twenty-six  minutes  of  load  duration,  the  indications  of 
both  types  of  meter  would  be  indentical.  In  brief,  for  a 
short  time  duration  of  the  peak  load,  the  arithmetical 
average  is  lower  than  the  logarithmic  average;  for 
longer  periods  of  time,  the  arithmetical  average  is 
Slightly  higher  than  the  logarithmic  average;  while  for 


FIG.   5 — SINGLE-PHASE    METER    ELEMENT 

very  long  durations,  exceeding  tv/ice  the  time  period  of 
the  meter,  there  is  no  appreciable  difference.  The 
logarithmic  characteristic  of  the  thermal  demand  meter 
i?  of  advantage,  because  such  a  device  recognizes  the 
heating,  and  this  is  the  quantity  after  all  that  should 
be  recognized,  since  that  is  what  fixes  the  limiting  ca- 
pacity of  the  equipment  necessary  to  furnish  the  ser- 
vice. 

THE  FIELD  OF  APPLICATION   OF  THE  DEMAND  METER 

Few  will  deny  that  load  factor  ought  to  be  recog- 
nized in  any  rate  for  the  sale  of  electric  service.  Dr. 
John  Hopkinson,  as  far  back  as  1883,  was  the  first  to 
suggest  and  urge  the  recognition  of  load  factor  in  rates 
for  service  and  so  firmly  did  he  impress  his  ideas  on  the 
industry  that  ever  since  any  method  recognizing  maxi- 
mum demand  in  the  rate  has  been  called  the  "Hopkin- 
son" method. 

The  Hopkinson  method  however,  is  a  generic  and 
rot  a  specific  term.  There  are  many  varieties  of  Hop- 
kinson methods.  The  inherent  complexity  of  the  rate 
question,  together  with  the  long  absence  of  any  adequate 


method  of  measuring  maximum  demand,  has  led  in 
many  cases  to  the  practice  of  inferring  the  maximum 
demand  instead  of  measuring  it.  In  some  cases,  for 
instance,  it  is  the  practice  to  base  the  maximum  demand 
on  the  summation  of  all  the  name  plate  ratings  of  the 
motors  connected.  There  are  many  objections  to  this 
practice.  In  the  first  place,  it  tends  towards  the  in- 
stallation of  motors  too  small  for  their  work,  with  con- 
sequent motor  trouble.  Next,  il  makes  for  the  mis- 
branding of  motors  in  placing  name  plates  on  them 
smaller  than  their  actual  capacity.  Motor  manufac- 
turers are  often  asked  to  alter  name  plates  for  the  pur- 
pose of  its  influence  on  the  prospective  customers  power 
bill.  Next,  it  discourages  individual  drive  for  motor- 
driven  appliances.  Individual  drive  is  coming  to  be 
recognized  as  the  best  practice  and  it  is  unfortunate,  to 
say  the  least,  that  we  should  have  another  influence 
running  counter.     Next,  it  is  coming  to  be  the  practice 


FU;.   6 — BIMETALLIC    SPRINGS    AND    THERMAL    STORAGE    CASES 

of  guaranteeing  no  overloads  on  motors  and  here  again 
this  practice  runs  counter  to  that  of  basing  maximum 
demand  on  name  plate  ratings.  Again,  this  practice 
recognizes  motors  only,  and  in  this  day  of  electric  fur- 
naces, heating  devices  and  the  many  other  methods  of 
using  electric  service,  a  method  of  inferring  maximum 
demand  that  rests  on  the  name  plate  rating  of  motors 
is  deficient.  Finally,  it  is  not  a  users  potentiality  to  use 
power  that  should  fix  his  maximum  demand,  but  his 
actual  use.  Maximum  demand  should  be  measured,  not 
inferred. 

There  have  been  a  number  of  attempts  to  build  a 
suitable  demand  meter.  Apparently  the  first  of  these 
was  the  W'right  ampere  demand  meter  brought  out 
nearly  25  years  ago.  This  device  did  not  prove  entirely 
satisfactory  because  it  was  an  ammeter  and  not  a  watt- 
meter and  was  not  veiy  accurate.  Unquestionably,  the 
main  reason  for  the  absence  of  accuracy  was  that  there 
was  no  method  for  compensating  for  the  heat  that 
flowed  by  conduction  into  or  out  of  the  lead  wires. 
This  device  has  had  a  considerable  vogue  in  some  sec- 
tions in  the  past,  but  at  present  it  is  little  used. 


256 


THE  ELECTRIC  JOURNAL 


Vol.  XVII,  No.  6 


By  far  the  largest  group  of  maximum  demand 
meters  is  based  on  the  so  called  Merz  principle,  in  which 
the  advance  of  a  standard  watlhour  meter  during  a 
definite  time  interval  is  obtained  and  the  largest  one  of 
these  is  recorded.  The  inherent  disadvantage  of  this 
type  is  that  it  may  split  the  peak.  The  maximum  error 
due  to  this  splitting  is  50  percent,  but  the  device  has 
the  advantage  that  the  error  is  always  one  of  under- 
rcgistration  and  it  cannot  over-register,  if  operating 
normally.  In  addition  to  a  watthour  meter,  the  Merz 
demand  meter  requires  some  sort  of  a  clock  or  tim- 
ing device,  and  the  mechanism  for  obtaining  and  record- 
ing the  values  of  the  integrating  meter  during  the  suc- 
cessive time  period  is  somewhat  complex  and  apt  to 
give  trouble.  The  simplicity  of  the  thermal  type  of 
demand  meter,  coupled  with  the  fact  that  its  indications 
always  respond  to  the  true  thermal  effect  of  the  aver- 
age watt  consumption  over  a  definite  preceding  time 
period,  gives  that  type  a  very  decided  advantage. 

The  thermal  type  of  meter  is  now  available  for  a 
number  of  time  penods,  such  as  15  and  30  minute  in- 
tervals. Longer  time  periods  can  easily  be  produced  if 
the  demand  for  them  arises.  The  essential  difference 
between  various  time  periods  is  in  the  mass  of  material 
attached  to  the  heaters.  The  difference  in  time  periods 
rests  on  the  simple  principle  that  a  large  mass  of  ma- 
terial takes  longer  to  heat  than  does  a  smaller  mass.  In 
the  very  short  time  meters,  the  parts  enclosing  the 
heater  and  which  compose  the  metallic  box  enclosing 
the  bimetallic  springs  is  made  of  material  which  is 
about  as  light  as  will  make  a  good  substantial  device. 
By  eliminating  the  enclosing  box  entirely,  and  passing 
the  currents  directly  through  the  bimetallic  springs,  time 
periods  as  low  as  about  one  minute  have  been  secured 
experimentally.  However,  there  are  serious  objections 
to  this  construction. 

There  is  another  consideration  that  raises  a  ques- 
tion as  to  the  real  need  for  time  periods  of  less  than 
those  now  commercially  available  and  this  is  that  there 
if  practically  no  electrical  equipment  with  an  inherent 
time  period  of  its  own  of  less  than  ten  minutes.  A 
standard  ten  horse-power  motor,  for  instance,  requires 
about  an  hour  for  its  copper  to  attain  90  percent  of  its 
final  temperature  rise  and  for  the  iron  parts  this  time 
increases  to  about  one  and  a  half  hours.  For  smaller 
equipment,  the  natural  time  periods  decrease  and  for 
larger  equipment,  the  time  periods  increase.  In  the 
case  of  a  very  large  self -cooled  transformer — about 
5000  kv-a  capacity — the  time  required  to  attain  90  per- 
cent of  its  final  temperature  rise  was  over  24  hours. 
From  these  e.Kamples,  it  is  obvious  that  the  inherent 
characteristics  of  electrical  equipment  do  not  indicate 
the  necessity  of  time  periods  in  demand  meters  of  less 
than  the  ten  minutes  now  available. 

The  time  periods  of  demand  in  use  at  the  present 
time  vary  all  the  way  from  one  minute  as  a  minimum 
to  one  hour  as  a  maximum.  There  are  very  few  places 
where  time  periods  of  demand  as  short  as  one  minute 
are  used  and  in  some  of  these  cases  the  time  period  of 


the  maxinmm  demand  was  fixed  not  by  the  considera- 
tion of  the  heating  of  the  electrical  equipment  but  on  the 
theory  that  the  water  wheels — they  were  water  power 
plants — had  no  excess  capacity  over  and  above  their  rat- 
ing. It  would  seem  that  this  consideration  would  lead 
to  an  instantaneous  peak  rather  than  a  one  minute  peak. 
A  further  fallacy  in  this  logic  is  that  the  only  consid- 
eration involved  is  the  over-load  capacity  of  the  prime 
mover  and  that  no  consideration  is  given  the  generators, 
transformers,  transmission  lines,  distribution  systems, 
etc.  necessary  in  the  complete  installation.  If  the  en- 
tire capacity  of  a  plant  were  to  be  supplied  to  a  single 
customer,  the  one  minute  demand  basis  would  be  more 
logical,  but  under  the  actual  conditions  of  supply  in  a 
typical  case,  where  any  single  customer  forms  only  a 
small  part  of  the  total  demand  on  the  station,  it  is  the 
limiting  capacity  of  the  equipment  installed  for  a  g'ven 
customer  that  should  govern  the  time  period  of  his 
maximum  demand.  The  characteristics  of  such  equip- 
ment will  certainly  dictate  that  time  periods  of  not  less 
than  10  minutes  should  be  used  and  it  is  the  writer's 
opinion  that  time  periods  of  30  minutes  or  perhaps  even 
longer  would  be  even  more  logical. 

There  are  certain  other  phases  of  the  general 
metering  problem  that  demand  prior  attention.  One 
of  these  auxiliary  phases  of  the  metering  question  ts  the 
need  of  some  method  of  recognizing  the  kv-a.  of  de- 
mand rather  than  the  kw.  It  is  kv-a.  rather  than  kw 
that  causes  the  heating  in  generators,  transformers  and 
distribution  lines.  The  use  of  the  amperes  of  demand 
instead  of  the  kw  tends  to  recognize  kv-a.  instead  of 
kw,  but  it  has  the  fatal  defect  that  a  low  voltage — for 
which  the  customer  is  not  responsible — will  increase  the 
current  and  thus  the  customer  will  be  penalized  for  a 
condition  for  which  he  is  not  responsible.  There  are 
several  methods  of  measuring  the  demand  in  kv-a  at 
present  but  all  of  them  open  to  serious  objection.  One 
method  sometimes  used  is  to  install  both  a  graphic  watt- 
meter and  a  graphic  power-factor  meter.  This  is  not 
very  satisfactory,  since  it  requires  the  integration  of 
the  wattmeter  chart  and  in  addition  the  use  of  a  fac- 
tor obtained  from  the  power-factor  meter  to  reduce  the 
watts  of  demand  to  the  volt-amperes  of  demand.  The 
first  of  these  difficulties  may  be  avoided  by  using  a 
graphic  demand  wattmeter  instead  of  one  of  the  usual 
type  and  this,  in  conjunction  with  the  graphic  power- 
fpctor  meter,  can  be  used  to  determine  the  kv-a.  In- 
stead of  the  power-factor  meter,  a  reactive  component 
meter  may  be  used,  and  its  indications  combined  with 
the  wattmeter  to  obtain  kv-a.  This  method  has  the  ad- 
vantage of  using  duplicate  meters  for  kw  and  reactive 
kv-a,  the  only  difference  being  in  the  method  of  connec- 
tion. Until  there  is  some  method  of  making  this  combi- 
nation mechanically  within  the  meter  itself,  the  use  of 
two  separate  meters  and  making  the  combination  ex- 
ternally must  suffice.  Up  to  the  present  time  it  has  un- 
doubtedly formed  the  best  method  of  securing  the  kv-a. 
of  demand,  but  improvements  are  due. 


I^erformoMco  of  Loni';  'r.ra3ismlssl©E  Lines 
(A  Revlev7  ©f  ]lyperl)olic  ''rrlgouoiMsiry) 

W.M.  Nesbit 

In  the  consideration  of  the  hyperbolic  theory  as  applied  to  transmission  circuits,  the  writer  desires  to 
express  his  high  appreciation  of  the  excellent  literature  already  existing.  Dr.  A.  E.  Kennelly's  pioneer 
work  and  advocacy _of  the  application  of  hyperbolic  functions  to  the  solution  of  transmission  circuits  has 
been  too  extensive  and  well  known  to  warrant  a  complete  list  of  his  contributions.  His  most  important 
treatises  are  "Hyperbolic  Functions  Applied  to  Electrical  Engineering",  1916;  "Tables  of  Complex  Hyper- 
bolic and  Circular  Functions",  1914;  "Chart  Atlas  of  Hyperbolic  Functions",  1914,  which  provides  a  ready 
means  of  obtaining  values  for  complex  functions,  thus  materially  shortening  and  simplifying  calculations, 
and  "Artificial   Electric  Lines",  1917. 

"Electrical  Phenomena  in  Parallel  Conductors"  by  Dr.  Frederick  Eugene  Pernot,  1918,  is  an  excellent 
treatise  on  the  subject  and  contains  valuable  tables  of  logarithms  of  real  hyperbolic  functions  from  x  =  o 
to  X  =  2.00  in  steps  of  o.ooi. 

An  article  "Long-Line  Phenomena  and  Vector  Locus  Diagrams"  in  the  Electrical  World  of  Feb.  I, 
191Q,  p.  212,  by  Prof.  Edy  Velander  is  an  excellent  and  valuable  contribution  on  the  subject,  because  of  its 
simplicity  in  explaining  complicated  phenomena. 

To  employ  hyperbolic  functions  successfully  in  the  solution  of  transmission  circuits  it  is  not  necessary 
for  the  worker  to  have  a  thorough  understanding  of  how  they  have  been  derived.  On  the  other  hand  it 
is  quite  desirable  to  understand  the  basis  upon  which  they  have  been  computed.  A  brief  review  of  hyper- 
bolic trigonometry  is  therefore  given  before  taking  up  the  solution  of  circuits. 


CIRCULAR  angles  derive  their  name  from  the  fact 
that  they  are  functions  of  the  circle,  whose  equa- 
tion is  x^  -\-  y^  =^  I.  Tabulated  values  of  such 
functions  are  based  upon  a  radius  of  unit  length.  The 
geometrical  construction  illustrating  three  of  the  func- 
tions, the  sine,  cosine  and  tangent  of  circular  angles  is 
indicated  in  Fig.  38.  The  angle  AOP,  indicated  by  full 
lines  in  the  positive  or  counter-clockwrise  direction,  has 
been  dravvm  to  correspond  to  one  radian.  The  radian 
is  an  angular  unit  of  such  magnitude  that  the  length  of 
tlie  arc  w^hich  subtends  the  radian  is  numerically  equal 
tc  that  of  the  radius  of  the  circle.  Thus,  the  number 
of  radians  in  a  complete  circle  is  2  t.  Expressed  in 
degrees  the  radian  is  equal  approximately  to  57°  17' 
44.8".  The  segment  AOP  of  any  angle  AOP  of  one 
radian  has  an  area  equal  to  one-half  the  area  of  a  unit 
square.  Therefore  the  angle  may  be  expressed  in 
radians  as, — 

Length  of  arc  z  X  area 

radius  °^    (radius)' 

Circular  functions  are  obtained  as  follows, — 
3  X  area 


Circular  angle  =: 


(radius)' 
_   K 
—  'R 

Cosine  9     =  -p- 

Y 


radians 


Sine  6 


Tangent  6 


The  variations  in  the  circular  functions,  sine, 
cosine  and  tangent  are  indicated  graphically  in  Fig.  39 
for  a  complete  revolution  of  360  degrees.  Since  for  the 
second  and  each  succeeding  revolution  these  graphs 
would  simply  be  repeated,  circular  functions  are  said  to 
have  a  period  equal  to  ^  t  radians.  In  other  words, 
adding  .?  t  to  a  circular  angle  expressed  in  radians  does 
not  change  the  value  of  a  circular  function. 


REAL  HYPERBOLIC  ANGLES 

Real  hyperbolic  angles  derive  their  name  because 
they  are  functions  of  an  equilateral  hyperbola.  A 
hyperbola  is  a  plane  curve,  such  that  the  difference  be- 
tween the  distances  from  any  point  on  the  curve  to 
two  fixed  points  called  the  foci  is  constant.  In  an  equi- 
lateral hyperbola,  Fig.  40,  the  asymptotes  OS  and  OS' 
are  straight  lines  at  right  angles  to  each  other  and  make 
equal  angles  with  the  X-axis.  The  hyperbola  continu- 
ally approaches  the  asymptotes,  and  meets  them  at 
infinity.     The  equation  of  such  a  hyperbola  is  x^  —  y* 

The  hyperbolic  angle  AOP  of  Fig.  40,  called  for 
convenience  ^*,  has  been  drawn  so  as  to  correspond  to 
an  angle  of  one  hyperbolic  radian,  or  one  "hyp"  as  it  is 
usually  designated.  Hyperbolic  angles  are  determined 
by  the  area  of  the  sector  they  enclose.  Thus  the  hypwr 
bolic  angle  of  one  hyp  AOP,  encloses  an  area  AOP  of 
one-half,  or  the  same  as  the  area  AOP  of  the  corre- 
sponding circular  angle  of  Fig.  38.  It  should  be  ob- 
served here  that  although  one  circular  radian  subtends 
an  angle  AOP  of  57°  17'  44.8",  one  hyperbolic  radian 
subtends  a  circular  angle  AOP  of  37°  if  33.67" 
(0.65087  circular  radian). 

In  the  same  way  as  for  the  circle  the  hyperbolic 
angle  may  be  expressed  in  radians  as, — 

Length  of  arc  2  X  area 

p  "       (radius)' 

where  p  =  the  integrated  mean  radius  from  O  to  AP. 
As  an  illustration,  the  length  of  the  arc  AP,  Fig.  40 


*A  "hyperbolic  angle",  in  the  sense  above  described,  is  not 
the  opening  between  two  lines  intersecting  in  a  plane,  but  a 
quantity  otherwise  analogous  to  a  circular  angle  and  the  argu- 
ment X  of  the  function  sinh  x,  cosh  x,  tanh  x,  etc.  The  use  c^i 
the  term  hyperbolic  angle  can  only  be  justified  by  its  con- 
venience of  anology. 
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is  1. 3167  and  the  mean  integrated  radius  to  arc  AP  is  The   variations    in   hyperbolic    functions   are    indicated 

I  0167.  graphically  in  Fig.  41   for  hyperbolic  angles  up  to  ap- 

Hyperbolic   functions,  distinguished   from  circular  proximately  2.0  hyps  for  the  sine  and  cosine  and  up  to 

functions  by  the  letter  h  affixed,  are  obtained  as  fol-  3.0  hyps  for  the  tangent. 

lows: Hyperbolic  functions  have  no  true  period,  but  add- 


NJTE 
ANULt  AOP  IS   DRAWN 
CORRESPONDING  TO  ONE 
HYPERBOLIC  RADIAN  OR 
•HYP' 


FIG.    38 — REAL    CIRCULAR    ANGLES 
X'  -\-Y'  =  I 


FIG.    40 — REAL    HYPERBOLIC   ANGLES 

X-  —¥'■  =  ! 
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FIG.    39 — GRAPHS  OF  CIRCULAR  FUNCTIONS 


1.5        2.0    .  2.6 
HYPERBOLIC  RADIANS  IHYPSI 


FIG.    41 — GRAPHS     OF     HYPERBOLIC 
FUNCTIONS 


Length  of  arc  AP  ,. 

Hyperbolic  angle  6  =  Length  of  mean  radms '"''"""■ 

X 

OA 

Y 

OA 
Y_ 
X 


Cosh  9  =- 
5'i)i/i  0  ^-j 
Tanh  $  = 


ing  a  .?  JT  ;'  to  the  hyperbolic  angle  does  not  change  the 
values  of  the  functions,  hence  these  functions  have  an 
imaginary  period  of  ^  ^  ;'. 

Circular  functions  can  be  used  to  express  the  phase 
relations  of  current  and  voltage,  but  not  the  magnitude, 
or  size,  whereas  hyperbolic   functions,  continually  in- 
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creasing  or  decreasing,  can  be  used  to  express  the  mag- 
nitude of  current  in  a  long  circuit. 

In  Fig.  42  is  shown  a  circular  angle  corresponding 
to  one  circular  radian  divided  into  five  equal  parts,  each 
of  0.2  radian.  Assuming  unity  radius,  each  of  the  arcs 
will  have  a  constant  length  of  0.2  and  a  constant  mean 
radius  of  i.o.  In  Fig.  42  is  shown, a  hyperbolic  angle 
corresponding  to  one  hyperbolic  radian  divided  into  five 
equal  hyperbolic  angles  each  of  0.2  hyperbolic  radian. 
In  this  case  the  length  of  the  arcs  corresponding  to  each 
subdivision  increases  as  the  hyperbolic  angle  increases. 
The  lengths  of  the  corresponding  integrated  mean  radii 
vectors  also  increase  with  the  angle.  By  dividing  the 
length  of  the  arc  of  any  of  the  five  subdivisions  by  the 
length  of  the  mean  radius  for  that  subdivision  it  will  be 
seen  that  each  subdivision  represents  0.2  hyps. 

From  the  above  it  will  be  evident  that  in  radian 
measure,    the    magnitudes    of    circular    and   hyperbolic 


1.000 -"^^"  ^* 1.000--- -i-'a"  xaxis 

CIRCULAR  RADIAN  HYPERBOLIC  RADIAN 

FIG.    42 — SUBDIVISION  OF  A  CIRCULAR  AND  A  HYPERBOLIC    RADIAN    INTO    FIVE    SECTORS    OF    0.2 

RADIAN   EACH 


angles  are  similarly  defined  with  reference  to  the  area 
of  circular  and  hyperbolic  sectors. 

ADDITIONAL   SYMBOLS 

In  addition  to  the  symbols  previously  listed,  the 
following  will  be  employed  in  the  hyperbolic  treatment. 
a  =  Linear  hyperbolic  angle  expressed  in  hyps 
per  mile.  It  is  a  complex  quantity  consist- 
ing of  a  real  component  a,  and  an  imaginary 
component  a  ;.  It  is  also  known  as  the  at- 
tenuation constant  or  the  propagation  con- 
stant of  the  circuit. 

Oi  =  The  real  component  of  the  linear  hyperbolic 
angle  a,  expressed  in  hyps.  It  is  a  measure 
of  the  shrinkage  or  loss  in  amplitude  of  the 
traveling  wave,  per  unit  length  of  line 
traversed. 

Oj  =:  The  imaginary  component  of  the  linear 
hyperbolic  angle  a,  expressed  in  circular 
radians.  It  is  a  measure  of  the  loss  in  phase 
angle  of  the  traveling  wave,  per  unit  length 
of  line  traversed. 
e  =  The  complex  hyperbolic  angle  subtended  by 
the  entire  circuit,  expressed  in  hyps.  It 
differs  from  a  in  that  it  embraces  the  entire 
circuit,  whereas  a  embraces  unit  length  of 
circuit  (in  this  case  one  mile),  $  ^  a  y.  L, 
where  L  is  the  length  of  the  circuit  expressed 
in  miles. 

e,  =  The  real  component  of  the  complex  hyper- 
bolic angle  of  the  circuit  expressed  in  hyps, 
and  defines  the  shrinkage  or  loss  in  ampli- 


tude or  size  of  a  traveling  wave,  in  travers- 
ing the  whole  length  of  the  line. 

O2  =  The  imaginary  component  of  the  complex 
hyperbolic  angle  of  the  circuit  expressed  in 
circular  radians,  expressing  the  loss  in  phase 
angle  or  slope  of  the  traveling  wave,  in 
traversing  the  whole  length  of  line. 
=  2.7182818  which  is  the  base  of  the  Napierian 
system  of  logarithms.     Logm      =  0.4342945. 

ffs  =  Position  angle  at  sending  end. 

6,  =  Position  angle  at  receiving  end. 

ffp  =  Position  angle  at  point  P  on  a  circuit. 

o  =  Impedance  load  to  ground  or  zero  potential 
at  receiving  end  line,  in  ohms  at  an  angle. 

IT 

So  =\i — =  Surge  impedance  of  a  conductor  in  ohms  at 
\  y 

an  angle. 
I 
jio  ^  "7   =  Surge  admittance  of  a  conductor  in  mhos  at 

an  angle. 
COMPLEX  ANGLES  AND  THEIR  FUNCTIONS 

A  complex  angle  is  one  which  is  associated  with 
both  a  hyperbolic  and  a  circular  sector.  If  the  complex 
angle  is  hyperbolic,  its  real  part 
relates  to  a  hyperbolic  and  its 
imaginary  part  to  a  circular 
sector.  On  the  other  hand,  if 
the  complex  angle  is  circular,  its 
real  part  relates  to  a  circular 
and  its  imaginary  part  to  a  hy- 
perbolic sector.  Complex  hy- 
perbolic trigonometry  and  com- 
plex circular  trigonometry  thus 
unite  in  a  common  geometrical 
relationship. 

In  the  following  treatment  for 
the  solution  of  transmission  cir- 
cuits by  hyperbolic  functions, 
only  hyperbolic  complex  angles 
will  enter  into  the  solution. 
Such  a  complex  angle  will  then  consist  of  a  combina- 
tion of  a  "real"  hyperbolic  sector  and  a  so-called 
"imaginar>'"  or  circular  sector.  The  circular  sector  will 
occupy  a  plane  inclined  at  an  angle  to  the  plane  of  the 
hyperbolic  sector.  In  other  words,  the  complex  angle 
will  be  of  the  three-dimensional  order.  The  construc- 
tion of  such  a  complex  angle  may  be  difficult  to  follow 
if  viewed  only  from  one  direction.  In  order  to  illus- 
trate the  form  that  a  coinplex  angle  takes,  the  construc- 
tion for  the  cosine  of  a  hyperbolic  complex  angle  is 
illustrated  by  Fig.  43. 

CONSTRUCTION   FOR  COSH    6 

The  construction.  Fig.  43,  assumes  that  the  real 
part,  that  is  the  hyperbolic  sector  subtends  an  angle  of 
one  hyperbolic  radian  and  the  imaginary'  part,  that  is  the 
circular  sector,  subtends  an  angle  of  one  circular  radian. 
This  hyperbolic  complex  angle  has  therefore  a  numerical 
value  of  J  -|-  /  /  hyperbolic  radian.  These  numerical 
values  embrace  sectors  sufficiently  large  for  the  pur- 
pose of  clear  illustration.  The  actual  construction  for 
obtaining  the  complex  function  cosh  (d^  -\-  j  6..)  =  cosh 
(i  -\-  j  I  hyperbolic  radians)  may  be  carried  out  a«  fol- 
lows : — 
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On  a  piece  of  stiff  card  board  lay  out  to  a  suitable 
scale  the  hyperbolic  sector  d ,  =  EOC,  equal  to  one  hyp 
as  shown  in  the  upper  left  hand  corner  of  Fig.  43.  This 
may  readily  be  plotted  by  the  aid  of  a  table  of  real  hy- 
perbolic functions  for  say  each  one  tenth  of  a  hyp  up 
to  and  including  one  hyp.     These  are  then  plotted  on 


-COSH  8,=  1.64308 

HYPERBOLIC  SECTOR 


RADIUS  =  COSH  e,  =  I  -  64308 
CIRCULAR  SECTOR 


GUDERMANNIAN  COMPLEMENT 
OF  THE  COMPLEX  HYPERBOLIC 
ANGLE  OF  THE  CIRCUIT  =  9q 


■^OP  PLAN  OF  BOARD  (MODEL  REMOVED) 
SHOWING  COSH  (0|  +j  Oj  )  TRACED  UPON  BOARD 


MATHEMATICAL  SOLUTION 
COSH  (8|  *  j  82  )  -  (COSH  9|  COS  63  +  jSINH  8,  SIN  flj) 

LOG  COSH  81 -0.1  88,369         LOG  SINH  9,  =- 0.070.11  2 
LOG  COS  82  =-T  .732,636  LOG  SIN  Oj  -  T. 926. 039 

^  T. 996, 161 


I  .921,026 
COSH  (9|  + j  82)=  0.8337  *j  0.9889 
=  1.297/49' 62' 05' 
FIG.    43 — GRAPHICAL  CONSTRUCTION  FOR  THE  H Yl'KRUOLIC   COSINE   OF    THE   COMPLEX   ANGLE 

9i  +  jOi  =  /+  ;'/  Hyperbolic  Radians. 

the  cardboard  and  joined  with  a  curved  line  thus  form-  j  i 

ing  the  arc  EC  of  Fig.  43.     The  ends  of  the  arc  are 

then  joined  with  0  by  straight  lines.     The  real  part  of 

this  hyperbolic  complex  angle  is  then  cut  out  of  the 

cardboard. 

The  circular  part  j  d^  of  this  complex  angle  is 
traced  upon  the  cardboard  as  follows : — With  radius 
equal  to  cosh   9  i  (to  the  same  scale  as  used  when  trac- 


ing the  hyperbolic  sector  6  ,)  draw  the  arc  DOF  of  a 
length  such  that  the  angle  DOF  is  57°  17'  44.8"  (one 
circular  radian).  Join  the  ends  of  the  arc  to  0  with 
straight  lines.  The  circular  part  j  6^  oi  this  complex 
angle  is  now  cut  out  of  the  piece  of  cardboard.  This 
gives  models  of  the  two  parts  of  the  complex  angle 

which  may  be  arranged  to  form 

the  complex  angle  i  -{-  j  i  hyps. 

These  tw'o  models  are  shown  at 

the  top  of  Fig.  43. 

The  two  parts  of  the  complex 
angle  are  arranged  as  follows : — 
Upon  a  drawing  board  or  any 
flat  surface  occupying  a  hori- 
zontal plane,  place  the  hyper- 
bolic sector  6,  in  a  vertical  posi- 
tion. The  plane  of  this  hyper- 
bolic sector  will  then  be  at  right 
angles  to  the  plane  of  the  draw- 
ing board.  The  circular  sector 
;'  5  ,  is  now  placed  in  a  vertical 
position  just  back  of  the  hyper- 
bolic sector.  The  toes  O  of  each 
sector  will  then  coincide,  as  well 
as  the  line  OD  of  the  circular 
sector  with  the  line  OC  of  the 
hyperbolic  sector.  The  top  of 
the  circular  sector  is  now  turned 
back  so  that  the  plane  of  the 
circular  sector  lies  at  an  angle 
with  the  vertical  plane  occupied 
by  the  hyperbolic  .sector.  This 
displacement  angle  between  the 
planes  of  the  two  sectors  is 
known  as  the  "gudermannian 
complement"  of  the  hyperbolic 
angle  6  .  It  will  be  referred  to 
as  d  G.  The  front  elevation  of 
Fig.  43  illustrates  how  these  two 
sectors  would  appear  when 
viewed  from  the  front.  To  the 
right  of  this  illustration  is  shown 
how  these  two  sectors  would  ap- 
pear when  viewed  from  the  left 
hand  end  of  the  model.  The 
displacement  angle  9  o  has  a 
value  for  this  particular  com- 
plex angle  of  49°  36'  18".  This 
numerical  value  is  determined  by 
virtue  of  the  fact  that  this  dis- 
placement angle  has  a  cosine  of 

=  0.64805  or  cosine  of  9^  =  sech  9\ 


REAR  ELEVATION 


cosh  9\  ~  1. 54308 1 

=  0.64805.     It  has  a  sine  of  tanh  Si  =  0.76159. 

The  angle  whose  cosine  is  0.64805  and  whose  sine 
is  0.76159  is  49°  36'  18".  Thus  the  top  part  of  the 
circular  sector  of  this  complex  angle  is  moved  in  the 
forward  direction  through  an  angle  of  49°  36'  18"  so 
that  the  plane  of  the  circular  sector  assumes  an  angle 
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of  90°  00'  00"  —  49°  36'  18"  =  40°  23'  42"  with  the 
horizontal  plane  of  the  drawing  board.  From  the  end 
of  the  circular  sector  (point  F)  thus  inclined,  a  plummet 
ir.ay  be  suspended  until  it  meets  the  horizontal  plane  of 
the  drawing  board  at  the  point  /  of  the  illustration.  In 
other  words,  the  point  F  is  projected  orthogonally  onto 
the  horizontal  plane  of  the  drawing  board. 

A  top  view  of  the  drawing  board,  with  the  m.odel 
removed,  is  illustrated  in  the  lower  left  hand  comer  of 
Fig.  43.  The  line  OF  {i.2g-j  / ^g°  ^2'  05")  traced 
upon  the  horizontal  drawing  board,  is  a  vector  repre- 
senting the  complex  cosine  of  the  complex  angle 
S-y  -\-  j  62^=  I  -{-  i  I  hyperbolic  radians.  This  com- 
plex cosine  has  rectangular  co-ordinates  of  -j-  0.8337 
and  -\-  j  o.c 


TOP  PLAN  OF  BOARD  ( MODEL  REMOVED) 
SHOWING  SINH  (e,*  j  Bj)  TRACED  UPON  BOARD 

FIG.   44 — CR.\PHICAL    CONSTRUCTION    FOR    THE    HYPERBOLIC   SINE  OK  THE  COMPLEX  A.NGLE 

81  +  J62  ==/-}-//  hyperbolic  radians. 


At  the  bottom  of  Fig.  43  is  given  the  mathematical 
expression  for  the  exact  solution  for  the  cosine  of  a 
complex  hyperbolic  angle  following  the  construction  il- 
lustrated. There  are  numerous  other  mathematical 
equations  with  their  equivalent  geometrical  construc- 
tions which  will  produce  the  same  values  for  the  cosine, 
but  the  above  is  probably  as  easy  to  follow  as  any,  and 
will  therefore  be  used  exclusively  hereafter. 

CONSTRUCTION  FOR  SINH    B 

The  construction  for  the  sine  of  the  complex  hy- 
perbolic angle  7  -|-  ;  j  is  indicated  in  Fig.  44.  In  this 
case  the  same  construction  may  be  used  for  obtaining 
the  sinh  as  for  determining  the  cosh  of  the  complex 
angle  with  the  following  two  exceptions. 

The  circular  sector  is  made  one  quadrant  (90°) 
larger.     In  other  words  the  angle  DOF'  is  00°  4-  '^7° 


17'  44.8"  or  147°  17'  44.8"  as  indicated  by  Fig.  44.  It 
occupies  the  same  plane  as  when  determining  the  cosh 
of  the  angle  but  is  simply  extended  in  the  forward  di- 
rection through  one  quadrant,  as  indicated  by  the  dotted 
Imes  of  Fig.  44.  The  plummet  is  again  suspended,  this 
time  from  point  F'  upon  the  horizontal  board,  which  it 
meets  at  point  /'.  The  other  difference  is  that  the  sine 
OF'  is  read  off  from  the  Y  axis  as  the  vector  of  refer- 
ence in  place  of  the  X  axis  as  in  the  case  of  the  cosine. 
Thus  the  circular  sector  has  been  carried  forward 
through  an  angle  of  90  degrees  in  the  circular  angle 
plane  and  the  vector  of  reference  has  been  advanced  90 
degrees  in  the  horizontal  plane  of  reference.  The  sine 
of  this  angle  is  1.446  16 f  56'  57"  and  has  rectangular 
components  of  o.6j4p  -f~  i^-^P^S-  The  mathematical 
expression  for  exact  so- 
.lution  for  the  sine  of  a 
complex  angle  likewise 
.accompanies  the  illus- 
trated geometrical  con- 
.struction. 

MODEL     FOR     ILLUSTRAT- 
.      ING  THE  FUNCTIONS 
OF    A    COMPLEX 
ANGLE 

Dr.  Kennelly  has  re- 
.cently  constructed  a 
model*  for  illustrating 
.complex  angles  and  for 
.obtaining  approximate 
values  for  the  functions 
of  such  angles.  Draw- 
ings made  from  photo- 
graphs of  this  mode!  are 
shown  in  Figs.  45,  46 
and  47.  The  construc- 
tion of  a  complex  angle 
as  above  described  is 
that  employed  by  Dr. 
Kennelly  in  building  his 
.model.  Since  the  model 
is  applicable  to  tracing  out  numerous  complex  angles,  it 
may  seem  a  little  difficult  at  the  start.  It  was  therefore 
thought  desirable  to  precede  the  description  of  the 
model  which  is  applicable  to  the  solution  of  so  many 
angles  with  a  similar  solution  of  a  single  definite  com- 
plex angle.  With  the  procedure  for  the  solution,  as 
given  above,  for  cosh  and  sinh  of  J  -f-  /  -^  hyperbolic 
radians  in  mind,  it  is  believed  that  Dr.  Kennelly's  de- 
scription of  the  model  and  its  application  in  determin- 
ing the  cosh  and  sinh  of  complex  angles  may  be  followed 
as-  given  in  the  following  paragraphs. 

DESCRIPTION  OF  MODEL 

In  this  model,  the  cosine  or  .<!ine  of  a  complex  angle,  either 
hyperbolic    or   circular,    can    be    produced,    by    two    successive 


MATHEMATICAL  SOLUTION 

(SINH  e,  COS  60+ j  COSH  0  siNej) 


LOG  COSH  0,  =  0.1-88  389 
LOG  SIN  0o  =7.926  039 


NOTE -THE  CONSTRUCTION  FOR  THE  COSINE  OF  THE  COMPLEX 
HYPERBOLIC  ANGLE,  MAY  ALSO  BE  USED  FOR  DETERMINING  THE 
SINE  OF  THE  ANGLE  WITH  THE  FOLLOWING  CHANGES  -THE  CIR- 
+XA^IS  OULAR  SECTOR  MUST  BE  EXTENDED  THRU  ONE  QUADRANT  AND 
THE  SINE  MEASURED  FROM  THE  Y  AXIS  AS  THE  VECTOR  OF  REFER. 
ENCE  IN  PLACE  OFT  HF  X  AXIS  AS  IN  THE  CASE  OF  THE  COSINE. 


*This  model  was  described  in  a  paper  read  by  him  at  a 
meetinp  of  the  .\merican   Academy  of  Arts  and   Sciences   in 
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orthogonal  projections  onto  the  XY  plane,  one  projection  being 
made  from  a  rcetanRular  hyperbola,  and  the  other  projection 
being  then  made  from  a  particular  circle  definitely  selected 
from  among  a  theoretically  infinite  number  of  such  circles,  all 
concentric  at  the  origin  O,  which  circles,  however,  are  not 
coplanar.  The  selection  of  the  particular  circle  is  determined 
by  the  foot  of  the  projection  from  the  hyperbola.     This  effects 


cos  60  = 


sech  8, 


FIG.   45 — DRAWING    FROM    .\    PHOTOGRAPH    OF   A   GEOMETRICAL    MODEX 

For  the  orthogonal  projection  of  the  sines  and  cosines  of 
complex  angles.     This  model  was  developed  by  A.  E.  Kennelly. 

a  geometrical  process  which  is  easily  apprehended  and  visual- 
ized ;  so  that  once  it  has  been  realized  by  the  student,  the  three- 
dimensional  artifice  is  rendered  superfluous,  and  he  can  roughly 
trace  out  a  complex  sine  or  cosine  on  an  imaginary  drawing 
board,  with  his  eyes  closed.  The  model,  however,  possesses 
certain  interesting  geometrical  properties  as  a  three-dimensional 
structure. 

A  drawing  made  from  a  photograph  of  the  model  is  shown 
in  Fig.  45.  On  an  ordinary  horizontal  drawing  board  53.5  by 
31.8  cm.,  is  a  horizontal  rod  A  B,  which  merely  serves  to  support 
the  various  brass-wire  semicircles,  and  a  semihyperbola,  in 
their  proper  positions.  The  axis  oi  A  B  in  the  X  Y  plane,  on 
the  upper  surface  of  the  board,  is  a  line  of  symmetry  for  the 
structure,  which,  if  completed,  would  be  formed  by  full  circles 
and  a  complete  hyperbola.  For  convenience,  however,  only  the 
half  of  the  structure  above  the  X  Y  plane  is  presented,  the 
omission  of  the  lower  half  being  readily  compensated  for  in 
the  imagination. 

The  eight  wire  semicircles  are  formed  with  the  following 
respective  radii,  in  decimeters:  i.o,  1.020...,  1.081...,  1.185..., 
I-337---,  I-543---.  1.810. ..,  and  2.150...,  which  are  the  re- 
spective cosines  of  O,  0.2,  0.4,  0.6,  0.8,  l.O,  1.2,  and  1.4  hyperbolic 
radians,  according  to  ordinary  tables  of  real  hyperbolic  func- 
tions. These  successive  semi-circles  therefore  have  radii  equal 
to  the  cosines  of  successively  increasing  real  hyperbolic  angles 
e,,  by  steps  of  0.2,  from  o  to  1.4  hyperbolic  radians,  inclusiv2. 
All  of  these  semicircles  have  their  common  center  at  the  origin 
O,  in  the  plane  X  O  Y ,  oi  the  drawing  board.  The  planes  of 
the  semicircles  are,  however,  displaced.  The  smallest  circle  of 
unit  radius   (l  decimeter),  occupies  the  vertical  plane  X  O  Z, 


cosh  9, 

Where  0,  is  the  particular  hyperbolic  angle  selected.  This 
means,  as  is  well  known,  that  the  displacement  angle  ffo  between 
the  plane  of  any  semicircle  and  the  vertical  plane  Z  O  X  ii 
equal  to  the  gudermannian  of  the  hyperbolic  angle  6,. 

The  model  is,  of  course,  only  a  skeleton  structure  of  eight 
stages.  If  it  could  be  completely  developed,  the  number  of 
semicircles  would  become  infinite,  and  they  would  form  a 
smooth  continuous  surface  in  three  dimensions.  Along  the 
midplane  Z  O  Y,  all  01  these  circles  would  have  the  same  level, 
raised  one  decimeter  above  the  horizontal  drawing  board  plane 
of  reference  X  O  Y.  The  circles  would  increase  in  radius 
without  limit,  and  would  cover  the  entire  X  O  Y  plane  to 
infinity,  the  hyperbola  extending  likewise  to  infinity  towards 
its  asymptote  O  S,  in  the  X  O  Z  plane.  The  actual  model  is 
thus  the  skeleton  of  the  upper  central  sheet  of  the  entire 
theoretical  surface,  near  the  origin. 

The  semicircles  are  also  marked  oflF  in  uniform  steps  oi 
circular  angle.  Each  step  is  taken,  for  convenience,  as  nine 
degrees,  or  one  tenth  of  a  quadrant.  Corresponding  angular 
steps  on  all  of  the  eight  semicircles  are  connected  by  thin  wires. 
as  shown  in  the  illustrations. 

A  front  elevation  of  the  model,  taken  from  a  point  on  the 
O  Y  axis— 15  units  from  O,  is  given  in  Fig.  46.  It  will  be  seen 
that  any  tie  wire,  connecting  corresponding  circular  angular 
points  on  the  semicircles,  is  level,  and  lies  at  a  constant  height 
sin  e~  decimeters  above  the  drawing  board.  That  is,  the  tie 
wire  that  connects  all  points  of  circular  angle  0:,  measured  from 
0  X  positively  towards  OY,  lies  at  the  uniform  height  sin  0, 
decimeters  above  the  drawing  board. 

A  plan  view  of  the  model,  taken  from  a  point  on  the  0  Z 
axis,  4-  15  units  above  O,  is  given  in  Fig.  47.  It  will  be  seen 
that  each  semicircle  forms  an  ellipse,  when  projected  on  the 
base  plane  X  O  Y.  The  semi-major  axis  of  this  ellipse  has 
length  cosh  fl,,  where  Si  is  the  hyperbolic  angle  corresponding 
to  that  semicircle.     The  semi-minor  axis  is, — 

cosh  d,  si&i  ffo  =  cosh  0,  tanh  0i  ^  sinh  0i 
from  the  well  known  relation  that  exists  between  a  hyperbolic 
angle  and  its  gudermannian  circular  angle;  namely, — 
sin  0a  =  tank  fl, 

.•Ml  of  these  ellipses  have  the  same  center  of  reference  O. 
Any  such  system,  having  semi-major  axes  cosh  0i,  and  semi- 
minor  axes  sinh  Ci,  are  well  known  to  be  confocal,  and  the  foci 
must  lie  at  the  points  -f-i  and  — I  in  the  X  O  Y  plane,  or  the 
points  in  which  the  innermost  circle  cuts  that  plane. 

I'ROCEOURE   FOR    PROJECTING   COSH     (  -<r   Si   ±     /flj) 

Thus  premised,  the  process  of  finding  the  cosine  of  a  com- 
plex hyperbolic  angle  0,  -\-  j0z;  that  is,  the  process  of  finding 
cosh  (Ci  +  j02)  is  as  follows: 

Find  the  arc  C  E,  Fig.  45,  from  C  =  -j-i  along  the  rect- 
angular hyperbola  C  E  H,  which  subtends  0i  radians.  The 
hyperbolic  sector  comprised  between  the  radius,  O  C,  the  hyper- 


FIG.  46 — FRONT  ELEVATION  OF  MODEL 

From  a  point  on  the  O  Y  axis,  —  15  units  from  O. 

in    which   also    lies    the    rectangular   semi-hyperbola   X   O    H. 

Angular  distances  corresponding  to  0.2,  0.4 1.4  hyperbolic 

radians,  are  marked  off  along  this  hyperbola  at  successive 
corresponding  intervals  of  0.2.  The  cosines  of  these  angles, 
as  obtainable  projectively  on  the  O  X  axis  are  marked  off 
between  C  and  B  along  the  brass  supporting  bar,  and  at  each 
mark,  a  semicircle  rises  from  the  X  Y  plane,  at  a  certain  angle 
»,,  with  the  vertical  A'  O  Z  plane.  This  displacement  angle  is 
determined  by  the  relation, — 


FIG.   47 — PLAN    VIEW    OF    MODEL 

From  a  point  on  the  O  Z  axis,  15  units  from  O. 

bolic  arc,  and  the   radius  vector  O  E,  on  this  arc   from  the 

01 
origin  O,  will  then  include-—  sq.  dm.  of  area.     Drop  a  vertical 

perpendicular  from  E  onto  O  X.  It  will  mark  ofl  a  horizontal 
distance  O  D  equal  to  cosh  0,.  Proceed  along  the  circle  which 
rises  at  D,  in  a  positive  or  counterclockwise  direction,  through 
0'  circular  radians,  thus  reaching  on  that  circle  a  point  G  whose 
elevation  above  the  drawing  board  is  sin  0~  decimeters.  The 
area  enclosed  by  a  radius  vector  from  the  origin  O  on  the  circle. 
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followed  between  the  axis  O  C  and  the  circular  curve,  will  be 
a,, 
— ^  cosh  '61  sq.  dms. 

From  G,  drop  a  vertical  plummet,  as  in  Fig.  46,  on  to  the 
drawing  board.  In  other  words,  project  G  orthogonally  on  the 
plane  X  O  Y.  Let  g  be  the  point  on  the  drawing  board  at 
which  the  plummet  from  G  touches  the  surface.  Then  it  ii 
easily  seen  that  Og  on  the  drawing  board  is  the  required  mag- 
nitude and  direction  of  cosh  {Bi  +  J62),  in  decimeters,  with 
reference  to  O  X  as  the  initial  line  in  the  plane  X  O  Y.  It  may 
be  read  off  either  in  rectangular  coordinates  along  axes  O  X 
and  O  F  on  a  tracing  cloth  surface  as  shown  in  Fig,  47,  or  ''n 
polar  coordinates  printed  on  a  sheet  seen  through  the  tracing 
cloth. 

If  the  circular  angle  62,  i.  e.,  the  imaginary  hyperbolic  angle 
]$'.,  lies  between  t  and  27r  radians,  (in  quadrants  3  and  4), 
the  point  G  will  lie  on  the  under  side  of  the  plane  X  O  Y,  and 
the  projection  onto  g  in  that  plane  must  be  made  upwards, 
instead  of  downwards. 

If  the  hyperbolic  angle  whose  cosine  is  required  has  a  nega- 
tive imaginary  component,  according  to  the  expression  cosh 
(Si  —  /»:).  then  starting  from  the  projected  point  D,  we  must 
trace  out  the  circular  angle  in  the  negative  or  clockwise  direc- 
tion, as  viewed  from  the  front  of  the  model. 

If  the  real  part  of  the  hyperbolic  angle  is  negative,  accord- 
ing to  the  expression  cosh  ( — fii  rr  jd^)  ;  then  since  cosh  — («i 
-+-  /*2)  =  cosh  (Si  =F  jdi),  we  proceed  as  in  the  case  of  a  posi- 
tive real  component,  but  with  a  change  in  the  sign  of  the 
imaginary  component. 

The  operation  of  tracing  cosh  (  zt  61  rt  je^)  on  the  X  Y 
plane,  thus  calls  for  two  successive  o-fthogonal  projections  ont.3 
that  plane;  namely  (i)  the  projection  corresponding  to  cosh 
(i:  di)  as  though  jd,  did  not  exist,  and  then  (2),  the  projection 
corresponding  to  cosh  jS^  =  cos  0^  independently  of  9i,  except 
that  the  radius  of  the  circle,  and  its  plane,  are  both  conditioned 
by  the  magnitude  of  Si. 

If  we  trace  the  locus  of  cosh  (Si  =r  /S,),  where  S,  is  held 
constant,  it  is  evident  from  Fig.  47  that  we  shall  remain  on  one 
circle,  which  projects  into  the  same  corresponding  ellipse  on 
the  X  Y  plane.  That  is,  the  locus  of  cosh  (Si  'r  /S.)  with  S, 
held  constant,  is  an  ellipse,  whose  semi  major  and  minor 
diameters  are  cosh  Si  and  sinh  Si  respectively.  If,  on  the  other 
hand,  we  trace  cosh   (  ±  Si  +  /Sj)   with  S2  held  constant,  we 


shall  run  over  a  certain  tie  wire  bridging  all  the  circles  in  the 
model,  which  tie  wire  is  sin  Sj  dm.  above  the  board,  and  it* 
projection  on  the  board,  in  the  plane  X  F  of  projection,  is  part 
of  a  hyperbola. 

PROCEDURE  FOR  SINH    (Si   -f  /Sj) 

It  would  be  readily  possible  to  produce  a  modification  of 
this  model  here  described,  which  would  enable  the  sine  of  a 
complex  angle  to  be  projected  on  the  X  Y  plane  following  con- 
structions already  referred  to.  The  transition  to  a  new  model 
for  smes  is,  however,  unnecessary.  It  suffices  to  use  the  cosine 
model  here  described  in  a  slightly  different  way.     One  has  only 


to  recall  that 

sinh  0  =^ 


-/  cosh 


(«-t) 


sinh  (Sx  -1-  ;S,)  =  — ;■  cosh  [ft  -Fy  (ft'  +  ^T  )] 
Consequently,  in  order  to  find  the  sine  of  a  complex  hyperbolic 
angle,  we  proceed  on  the  model  as  though  we  sought  the  cosine 

of  the  same  angle,  increased  by  — ;-radians  or  one  quadrant,  in 
the  imaginary  or  circular  component.  We  then  operate  with 
— /  on  the  plane  vector  so  obtained;  i.  e.,  we  rotate  it  through 
one  quadrant  in  the  A'  Y  plane  and  in  the  clockwise  direction. 
An  equivalent  step  is,  however,  to  rotate  the  A'  and  Y  axes  of 
reference  in  that  plane  through  one  quadrant  in  the  reverse  or 
positive  direction.  That  is,  we  may  omit  the  — ;'  operation,  if, 
in  dealing  with  sine  projections,  we  treat  O  F  as  an  O  X  axis, 
and  — O  X  as  an  O  F  axis,  or  read  off  the  projections  on  the 
X  ]•'  plane  to  the  — F  O  Y  axis  as  initial  line. 

The  only  difference,  therefore,  between  projecting  the 
cosine  and  the  sine  of  a  complex  hyperbolic  angle  in  the  model, 
is  that  in  the  latter  case  the  circular  component  is  increased  by 
one  quadrant  and  the  projected  plane  vector  is  read  off  to  the 
O  Y  reference  axis  as  initial  line.  The  model  thus  gives  the 
projection  of  either  cosh  (  =t  Si  rt  jB.)  or  sinh  (  i  Si  -  je-.) 
within  the  limits  of  -I-1.4  and  —1.4  for  S,,  and  for  S-  between 
the  limits  +  ^  and  — •  o: .  For  accurate  numerical  work,  refer- 
ence would,  of  course,  be  made  to  the  charts  and  tables  of  such 
functions  already  published,  and  which  enable  such  functions 
to  be  obtained  either  directly  or  by  interpolation,  for  all  or- 
dinary values  of  Si  and  S;. 
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DISCONNECTING  SWITCHES 


To  facilitate  the  inspection,  adjustment  or  repair 
ol  an  oil  circuit  breaker,  it  is  customary  to  furnish  dis- 
connecting switches  to  isolate  the  oil  circuit  breaker 
irom  the  busbars,  incoming  lines  or  other  source  of 
power.  Suitable  disconnecting  switches  have  been 
c'esigned  and  built  for  indoor  and  outdoor  service  at 
various  voltages,  and  these  are  normally  intended  for 
operation  as  single  pole  units  m  the  lower  voltages, 
while  for  the  higher  voltages,  particularly  for  outdoor 
service,  it  frequently  becomes  advisable  to  make  them 
i'l  the  form  of  multipole  units,  mechanically  opented. 

A  typical  disconnecting  switch  is  shown  in  Fi,?.  30, 
r.'ounted  on  corrugated  porcelain,  pillar-type  insulators 
tb.at  are  attached  to  a  steel  base.  Such  a  switch  is 
Formally  intended  for  mounting  vnih.  the  base  and  bKide 
in  a  vertical  position,  and  the  porcelain  pillars  in  a 
horizontal  position.  The  blade  of  this  switch  is  built 
of  truss  form  to  secure  rigidity  and  the  break  jaws  are 
flared  to  facilitate  proper  alignment  of  the  contacts 
during  the  closing  of  the  switch.  These  switches  are 
provided  with  a  locking  latch  that  prevents  the  switch 


H.WES 

being  blown  open  by  the  magnetic  stresses  set  up  by 
short-circuits.  The  latch,  however,  is  so  designed  that 
by  inserting  the  end  of  the  hook  stick  in  the  hole  in  the 
latch,  and  pulling  on  it,  the  latch  is  unlocked  and  the 
switch  opened  by  the  same  operation. 

Fig.  31  shows  a  disconnecting  switch  which  can  be 
arranged  for  upright  mounting,  vertical  mounting  or 
inverted  mounting  to  best  suit  the  wiring  of  the  insula- 
tion.' The  pillar  supports  of  this  disconnecting  switch 
are  made  up  of  a  series  of  insulators  bolted  together. 
Each  unit  insulator  consists  of  a  porcelain  bell  provided 
with  a  cemented  on  cap  and  a  cemented  in  hollow  pin. 
These  caps  and  pins  are  each  provided  with  three  lugs 
that  fit  together  and  are  secured  by  half  inch  machine 
bolts.  In  this  way,  any  section  can  be  removed  and  re- 
placed by  another  in  a  very  simple  manner.  These  in- 
sulators are  suitable  for  indoor  or  outdoor  service,  and 
are  the  strongest  and  most  rugged  of  this  type  manu- 
factured. 

A  five  unit  insulator,  such  as  shown,  will  withstand 
.1  dry  arc-over  test  of  285  kilovolts,  a  wet  arc-over 
test  of  160  kv,  and  has  a  total  height  of  a  little  more 
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than  32  inches.  The  uhimate  bending  load  of  this 
column  of  insulators  is  1760  pounds,  the  ultimate 
strength  of  the  column  in  question  is  18  000  pounds. 
Fig.  32  shows  an  inverted  type  of  high-voltage  discon- 
necting switch  for  the  Windsor  station  of  the  West 
Penn  Power  Company. 

Modifications  of  these  high-voltage  disconnecling 
switches  can  readily  be  arranged  with  three  porcelain 
columns  for  each  pole  of  the  disconnecting  switch. 
These  columns  are  arranged  in  such  a  manner  that  the 
two  outside  ones  carry  stationary  contacts,  and  the 
middle  one  carries  a  rotating  arm  arranged  so  that  the 
combination  will"  form  a  double  break  rotating  type  dis- 
connecting switch.  This  type  of  switch  can  readily  be 
arranged  for  mechanical  operation  from  a  distance  and 
can  be  made  three-pole  if  desired. 

These  disconnecting  switches  are  intended  only  as 
isolating  switches  and  are  not  expected  to  be  used  for 
opening  the  circuit  under  load.  Where  it  is  desired  to 
have  a  high-voltage,  air-break  switch  for  outdoor  ser- 
vice suitable  for  opening  under  load,  it  is  necessary  to 


FIG.    30—600   AMPERE,   66   KV,   PILLAR  TYPE   DISCONNECTING    SWITCH 

provide  arcing  horns  or  similar  devices  to  carry  off  the 
arc  formed  when  opening  under  load. 

Fig.  33  shows  a  36  kv  horn  gap  switch  made  in 
single  pole  units  but  arranged  so  that  any  number  of 
poles  can  be  mechanically  interconnected  by  mean.s  of 
an  adjustable  bar  and  operated  from  a  single  operating 
handle.  As  may  be  noted,  the  main  contacts  are  pro- 
tected from  all  burning  by  the  auxiliary  arcing  horn 
which  makes  contact  before  the  main  contact  is  closed 
and  which  break  away  after  the  main  contact  is  opened. 
The  main  contact  itself  is  completely  covered  by  a 
sleet  hood.  For  70  kv  service  these  switches,  as 
shown  in  Fig.  34,  are  made  double  break  in  order  to 
obtain  the  proper  gaps  in  the  line.  These  switches  are 
intended  primaril)'  for  mounting  on  a  pole  top  or  a 
structure,  with  the  insulators  in  the  vertical  position  r.nd 
the  switch  arm  swinging  around  on  a  horizontal  plane. 
For  still  higher  voltages  a  switch  of  the  type  shown 
in  Fig.  35  is  utilized.  This  switch  is  designed  for  120 
kv  service,  and  while  the  porcelain  pillars  are  mounted 
in  a  vertical  position,  the  switch  arm  is  so  arranged  as 


to  swing  open  in  a  vertical  plane  instead  of  in  a  hori- 
zontal one. 

Where  it  is  desired  to  obtain  proper  protection  to  a 
substation  or  sectionalizing  of  a  line  at  a  moderate  cost, 
an  automatic  attachment  can  be  added  to  the  horn  gap 


FIG.    31 — DISCONNECTING    SVVllCH     FUR    73     KV    INDOOR     SERVICE,    4O 
KV  OUTDOOR  SERVICE 

switches.  The  switch  automatically  resets  by  bringing 
the  operating  handle  to  the  open  position.  The  switch 
cannot  be  held  closed  on  an  overload.  A  modification 
of  this  trip  mechanism  can  be  applied  to  the  double 
break  or  the  vertical  break  horn  type  switch. 


The  oil  circuit  breakers  already  described,  as  well 
as  the  automatic  type  of  horn  gap  switches,  are  em- 
ployed on  power  transmission  systems  and  can  be  ar- 
ranged for  automatic  or  nonautomatic  operation  de- 
[lending  on  the  service.  For  automatic  operation,  vari- 
ous features  in  addition  to  straight  overload  tripping 
can  readily  be  obtained  by  means  of  suitable  relays,  and 
the  proper  functioning  of  such  relays  is  of  vital  import- 
ance in  large  systems  for  taking  care  of  overload  or 


FIG.    32 — INVERTED  TYPE  OF  DISCONNECTING  SWITCH  FOR   I32  KV 
SERVICE 

short-circuit  conditions  on  a  certain  section  of  the  .sys- 
tem without  interfering  with  other  sections,  and  the 
Huestion  of  relay  protection  is  therefore  very  in- 
timately connected  with  all  transmission  problems. 

The   principal    use    of    relays    in    connection    with 
power  transmission  is  to  give  to  the  automatic  oil  cir- 
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cuit  breakers,  other  characteristics  than  those  of  plain 
overload,  in  order  to  facilitate  the  disconnecting  of  dis- 
abled sections  of  transmission  lines  and  to  handle 
properly  the  various  operating  problems  arising  on  dif- 
ferent systems.  In  applying  relays,  particular  attention 
has  to  be  given  to  the  characteristics  of  the  relays,  cir- 
cuit breakers,  generators,  transformers,  transmission 
Imes  and  other  parts  of  the  system. 

It  has  been  found,  on  various  long  distance  trans- 
missions, particularly  those  spread  over  a  large  terri- 
tory, that  a  systematic  study  of  the  sectionalizing  prob- 
lem and  a  comparatively  small  expenditure  for  relays 
and  slight  rearrangement  of  switching  apparatus  will 
greatly  improve  the  service  to  customers. 

The  number  of  short-circuits  and  grounds  per  j-ear, 
occuring  on  any  transmission  system,  varies  greatly  Vv'ith 
the  local  conditions,  but  can  be  taken  roughly  as  one 
ground  or  short-circuit  per  year  for  each  10  to  15  miles 
of  line,  so  that  approximately  100  cases  of  short-circuits 


disconnecting  apparatus  which  is  causing  trouble  or  has 
already  become  a  source  of  disturbance.  While  there 
are  different  definitions  of  the  term  "interruption  of 
service"  a  broad  gage  view  of  such  a  term  would  be 
ail)-  disturbance  that  would  cause  a  loaded  induction 
motor  to  stop.  This  will  depend  on  the  nature  of  the 
lead  and  the  characteristics  of  the  motor  but,  in  general, 
the  voltage  at  the  terminals  of  an  induction  motor  can 
1)C  reduced  to  zero  for  at  least  two  seconds  without 
iriterrupting  it,  and  the  relaying  of  the  system  will  be 
considered  satisfactory  if  it  will  clear  cases  of  trouble 
in  two  seconds  or  less,  thus  avoidmg  the  shutting  down 
of  induction  motor  load. 

Relays  are  used  to  trip  oil  circuit  breakers  for 
r.utomatically  disconnecting  any  section  of  line  and  ap- 
l>ai-atus  that  is  causing  trouble,  and  for  this  purpose 
tlie}-  usually  give  the  greatest  amount  of  satisfaction, 
although  there  are  other  methods  of  clearing  disturb- 
ances without  disconnecting  the  line,  such  as  the  use  of 
arc  suppressors,  voltage  killing  devices  etc. 


FIG-    33 — 36    KV    HOUN-CVP    SWITCH 

or  grounds  per  year  may  be  expected  on  a  system 
covering  from  1000  to  1500  miles.  By  proper  arrange- 
m-ent  of  relays  on  such  a  system,  any  trouble  is  localized 
and  an  extensive  interruption  due  to  line  trouble  can 
usually  be  avoided. 

Relays  can  ordinarily  be  employed  to  the  best  ad- 
vantage in  connection  with  the  distributing  circuits, 
v/here  important  power  consumers  sometimes  demand 
a  separate  set  of  feeders  from  the  generating  stations 
01-  main  distributing  transforming  stations,  in  order 
that  their  service  may  not  be  disturbed  by  troubles  on 
the  remainder  of  the  system.  Such  practice,  however, 
requires  an  uneconomical  amount  of  copper,  because  the 
load  factor  of  the  system  cannot  be  utilized  to  its  full 
advantage.  A  proper  equipment  of  relays  will  allow 
the  use  of  tie  lines  and  inter-connections  with  the  result 
that  more  load  can  be  carried  and  the  service  to  any 
particular  customer  will  be  improved,  because  more 
sources  of  power  will  be  available. 

The  object  of  protective  relays  is  essentially  to 
obtain  the  utmost  continuity  of  service,  and  this  ap- 
plies whether  the  relays  are  arranged  to  trip  circuit 
breakers  for  disconnecting  defective  sections  of  line,  or 


FK;.    34—70    KV   DOUr.LE   BRtAK    HORX-GAI'   SWITCH 

Ordinarily  a  ground  on  an  isolated  neutral  system 
will  not  cause  an  interruption,  unless  it  should  develop 
into  a  short-circuit,  in  which  case  a  sectionalizing  relay 
can  operate  to  trip  a  circuit  breaker  for  cutting  off  the 
defective  portion  of  the  line. 

Circuit  breaker  characteristics  must  be  considered 
in  connection  with  the  proper  functioning  of  relays,  a 
small  circuit  breaker  operating  usually  more  quickly 
than  a  large  one.  The  time  required  to  open  a  circuit 
depends  upon  its  size  and  the  inertia  of  moving  parts. 
Circuit  breakers  of  high  rupturing  capacity  and  mod- 
erate voltage,  such  as  those  used  in  the  generator  cir- 
cuits and  on  the  low  tension  side  of  transformer  banks 
usually  require  from  0.2  to  0.3  of  a  second.  Most  of 
the  time  is  consumed  in  energizing  the  trip  coils  and  in 
overcoming  the  inertia  of  the  moving  parts.  High- 
voltage  circuit  breakers,  such  as  those  considered  in 
this  article,  require  a  slightly  greater  amount  of  time, 
ranging  from  about  0.3  of  a  second  to  almost  one  second 
for  the  155  kv  units  with  round  tanks. 

The  proper  relaying  equipment  for  use  on  any 
transmission  line  will  depend  among  other  things  on  the 
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t)pe  of  di.>;tribulion  used.  Where  there  is  a  single 
source  of  power  with  feeders  radiating  out  from  the 
generating  station  and  possibly  passing  through  one  or 
more  sectionalizing  or  transforming  stations,  proi)er 
selective  action  can  usually  be  obtained  by  making  the 
circuit  breakers  farthest  from  the  power  house  prac- 
ticall}'  instantaneous  in  their  ojieration,  those  at  the 
[lower  house  being  provided  with  relays  set  for  a  definite 
time  of  from  one  to  two  seconds  and  the  intermediate 
sections  being  provided  with  relays  having  various  tune 
settings.  . 

In  addition  to  securing  discrimination  on  the  part 
of  the  relays  by  means  of  a  delinite  time  feature,  it  is 
also  possible  to  discriminate  by  the  current  setting,  be- 
cause trouble  which  occurs  at  the  far  end  of  a  branch 
line  will  not  di-aw  as  heavy  a  current  as  though  it  were 
closer   to   the   source  of   power.     Selective   action    can 
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frequently  be  obtained  to  advantage  by  the  use  of  an 
inverse  time  limit  relay  having  characteristic  curves 
similar  to  those  show'n  in  Fig.  36.  This  type  of  relay 
has  an  adjustable  definite  time  element  in  addition  to 
the  inverse  time,  and  the  combination  of  these  two  is 
v.ell  adajjted  for  the  protection  of  circuits  of  this  k^nd, 
because  either  the  inverse  time  part  of  the  curve  or  the 
delinite  time  part  can  be  utilized,  depending  upon  the 
particular  circuit  standard. 

Such  combination  of  delinite  time  and  inverse 
tMiie  is  obtained  in  the  relay  shown  in  Fig.  37.  The 
use  of  a  permanent  magnet  as  a  time  limiting  device, 
prevents  over-swinging  and  chattering  of  the  contacts, 
and  tlie  construction  is  such  that  the  relay  will  instantly 
cease  its  movement  when  the  overload  disappears. 

One  of  the  essential  features  of  this  relay  is  the 
t(jrc]ue  compensator.  This  is  essentially  a  small  cur- 
rent transformer,  having  comparatively  little  iron  in  its 
magnetic  circuit,  so  that  it  saturates  at  a  little  more 
tl-.an  live  amperes  in  the  primary.     With  this  device,  the 


I)rimarj'  current  can  be  increased  momentarily  to  200 
t'.mes  normal  without  increasing  the  secondarj'  current 
more  than  a  small  percentage.  As  it  is  this  secondary 
current  that  actually  works  on  the  relay  mechanism,  the 
force  of  the  relay  is  practically  constant,  independent  of 
the  amount  of  the  overload,  so  that  its  speed  of  opera- 
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FIG.    36—  TIME   CrR\T!S   OF    IXVERSK   TIME   LIMIT   RKL.W 

lion  is  independent  of  the  value  of  the  short-circuit,  and 
is  determined  by  the  restraining  influence  of  the  per- 
manent magnet  and  the  distance  through  which  the  con- 
tact has  to  move.  As  this  distance  is  adjustable,  the 
definite  time  setting  on  the  standard  relay  can  be  made 
anything  from  o.i  of  a  second  up  to  2  seconds,  and  in 
special  cases  up  to  4  seconds.  A  current  adjustment  is 
also  provided  on  this  relay  so  as  to  secure  normal  op- 
eration with  relay  current  varying  from  4  to  12  am- 
]5eres. 

Where  the  distributing  system,  instead  of  being  a 
radial  one,  is  ])ro\ided  with  parallel  circuits  between 
the  generating  stations  and  the  points  of  distribution, 
such  systems  can  sometimes  be  protected  satisfactorily 
by  means  of  inverse  time  element  relays,  if  the  short- 
circuit  conditions  are  such  that  such  relays  can  dis- 
criminate properly,  but  the  more  usual  method  of  pro- 
tecting service  against  trouble  on  parallel  feeders  is  to 
]>lace  reverse  power  relays  at  the  substation  end  of  each 
feeder  and  definite  time  limit  relays  at  the  generator 
end. 


FIC.    37 — ADirSTAm.E  DEFIXITE-MLMMIM.  I.WERSF.-TIME-LIMIT 

OVI'.KI.OAP    Ur.l.AY 

A  modification  of  the  parallel  feeder  arrangement 
is  the  ring  system  where  each  substation  is  fed  from 
two  directions  as  indicated  in  Fig.  38.  On  such  a  sys- 
tem, definite  time  limit,  reverse  power  relays  must  be 
utilized  and  the  time  limit  of  each  successive  relay 
should  be  increased  by  a  suflicient  amount  to  allow  time 
for  the  circuit  breaker  in  the  preceding  substation  to 
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open.  On  the  diagram  the  time  settings  of  the  vari- 
ous relays  have  been  marked,  and  for  one-third  second 
time  interval  will  work  satisfactoril}-  if  the  relays  are 
accurate  and  the  circuit  breakers  quick  acting.  Such  a 
system  becomes  somewhat  more  complicated  if  power 
it  fed  in  at  more  than  one  pcjint  as,  for  example,  if  a 


VIV..    38 — lllACKAM    OF    HIN(J    TUAXSMISSION    SYSTEM 

generator  ties  in  at  station  D.  The  adjustment  of  the 
relays  in  such  a  system  would  have  to  be  modified,  de- 
pending on  whether  the  power  was  being  generated  at 
A  or  at  D,  so  that  it  is  evident  that  relays  should  have 
adjustments  which  can  be  changed  quickly. 

For  the  protection  of  a  parallel  feeder  system  or 
•.I  ring  system,  reverse  power  relays  are  necessary,  and 
these  can  be  made  in  the  form  shown  in  Fig.  39.  This 
relay  is  essentially  a  two  element  relay.  In  addition 
to  the  current  element  there  is  a  watt  element  that  closes 
p  contact  whenever  the  flow  of  energy  is  in  a  reverse 
direction  from  the  normal  one.  The  current  elen'ent 
closes  its  contacts  on  excess  current  in  either  direction, 
but  the  relay  will  not  function  to  trip  the  circuit  breaker 
unless  the  selective  wattmeter  element  also  functions 
due  to  the  power  being  in  the  reverse  direction. 

While  in  many  cases  transmission  and  distribution 
systems  can  readily  be  sectionalized  by  the  application 


FIG.    39— AllJlSlAliLE  DEFINITE-MINIMU.M,   I  NVEKSE- ri.\lE-LlM  IT 
REVERSE   I'OWER  RELAY 

of  overload  and  reverse  power  relays,  there  are  other 
conditions  that  can  best  be  handled  by  a  balanced  sys- 
tem of  relays.  This  system,  utilizing  pilot  wire 
schemes  and  standard  overload  relays,  operates  from 
the  secondaries  of  current  transformers  placed  at  two 
ends  of  the  feeder,  but  such  an  arrangement  requires 


conductors  to  he  run  between  these  current  trans- 
formers and  ordinarily  on  long  distance  transmi^sion 
lines,  such  an  arrangement  is  not  very  practicable. 

A  split  conductor  scheme  can  often  be  utilized  to 
advantage  where  the  [lower  to  he  transmitted  is  such 
as  to  require  two  conductors  in  parallel.  In  most  cases 
however,  an  arrangement  of  l)alancing  relays  on  parallel 
feeders,  using  the  cross  ccjnnection  of  reverse  power 
relays,  will  work  out  to  the  best  advantage.  Such  an 
arrangement  is  indicated  in  Fig.  40,  which  shows  four 
circuits  between  a  generating  station  and  a  receiving 
station,  omitting  the  step-up  and  step-down  trans- 
formers normally  used  on  high- voltage  power  trans- 
mission. This  schematic  diagram  has  beeii  simplified 
by  showing  only  one  phase  on  each  of  the  feeder  cir- 
cuits, the  more  complete  diagrams  applying,  however,  to 
a  pair  of  three-phase  circuits  as  shown  in  Fig.  41.  P>y 
reference  to  these  two  figures  it  will  be  noted  that  the 
current  transformers  at  the  generating  station  are  con- 
nected in  series  for  each  particnlai-  phase  and  similarly 
at  the  substation,  and  that  each  relav,  which  must  be 


FK;.    40 — SCUE.MATIC    UIAI.RAM    OK    I  KOSS    tuNMalKn    Kl-.L.W    SVhll.'; 

The  arrow  shows  the  direction  of  power  with  a  short-circuit 
oil  the  right  hand  feeder,  {-"or  simplicity,  only  one  phase  is 
shown  and  the  vohage  and  trip  circuits  are  omitted. 

of  the  reverse  power  (uni-directional)  tyjie,  is  shunted 
across  its  own  current  transformers. 

Under  normal  conditions  the  load  in  each  of  the 
parallel  feeders  will  be  the  same,  and  since  the  relays 
have  a  higher  impedance  than  the  current  transformers,. 
the  current  from  the  latter  wi'l  circulate  through  all 
of  them  in  series  without  any  tlowing  through  the  re- 
liivs.  If  the  troul)lc  occurs  at  any  point  outside  the 
section  protected  by  the  cross-connected  relays,  the  cur- 
rent over  the  feeders  will  still  be  balanced  and  conse- 
quently there  will  be  no  force  tending  to  operate  the 
relavs.  In  other  words,  a  short-circuit  occurring  on 
some  other  portion  of  the  system  will  have  no  tendency 
to  trip  out  any  of  the  circuit  breakers  in  this  .section. 

On  the  other  hand,  if  trouble  occurs  at  a  point 
v.'ithin  the  protected  sections,  the  current  over  the  de- 
fective circuit  will  be  higher  than  that  in  the  others, 
and  this  excess  current  from  its  current  transformer 
must  pass  through  the  relays.  While,  tinder  thi-^  un- 
balanced condition,  current  will  flow  through  all  of  the 
relays,  it  will  be  observed  that   the  current  is  in   the 
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proper  direction  to  cause  the  relay  to  act  only  in  the 
relays  at  each  end  of  the  defective  section,  as  shown 
by  the  arrows  in  the  diagram.  In  Figs.  41  and  42, 
pallet  switches  are  connected  in  the  transformer  sec- 
ondary circuit,  and  are  mechanically  operated  by  the 
circuit  breaker  so  that,  when  the  breaker  opens,  the 
current  transformers  are  short-circuited.  By  this 
method,  a  feeder  can  be  cut  out  of  service  without  in- 
terfering with  the  electrical  balance  in  the  current 
transformer  circuits. 

Where  there  are  only  two  parallel  feeder  circuits, 
a  double-contact  reverse-power  relay  connected  as 
shown  in  Fig.  42  can  be  utilized.  This  relay  is  so  ar- 
ranged that,  in  case  of  trouble,  the  watt  element  will 
close  the  circuit  leading  to  the  trip  coil  of  the  circuit 
breaker  in  the  defective  circuit,  and  the  excess  current 
clement  will  operate  to  trip  out  that  circuit  breaker 
under  suitable  conditions  of  overload  and  time  element. 

More  complicated  networks  can  usually  be  taken 
care  of  by  proper  selection  of  the  type  of  relays  to  be 
employed.  It  frequently  happens  that  the  problem  of 
automatic  sectionalizing  can  be  much  simplified  if,  at 
the  instant  of  short-circuit,  a  number  of  circuit  breakers 
Three-PhasR  Bus 
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FIG.    41 — DETAILS   OK   CROSS   CONNF.CTKD  RELAY   SYSTEM 

Connections  complete  for  a  three-phase  circuit,  except  for 
ihc  trip  circuits. 

are  opened  for  the  purpose  of  simplifying  the  operation 
of  the  remainder  of  the  systems.  Fig.  43  shows  such 
a  complicated  system,  and  on  it  is  indicated  a  feeder 
between  two  substations,  A^  and  S,  which  normally  as- 
sists in  maintaining  voltage  regulation,  but  which  can 
be  dispensed  with  for  a  tiine  if  there  is  trouble  on  the 
line.  As  indicated  on  this  diagram,  it  is  assumed  that 
the  circuit  breakers  on  section  A  at  substation  N,  are 
equipped  with  an  instantaneous  relay.  If  it  should 
happen  that  the  trouble  is  on  this  section  of  the  line, 
the  relay  in  substation  5  will  operate  after  one-half 
second  and  clear  the  trouble,  but  if  the  trouble  is  not 
on  this  particular  feeder,  no  harm  will  be  done  and  the 
load  that  is  supplied  will  not  be  interrupted.  If  a 
short-circuit  occurs,  for  instance,  at  the  point  Z,  the 
relay  in  substation  A''  will  require  one-fourth  second  to 
operate,  if  a  minimum  time  limit  of  one-fourth  second 
is  provided,  so  that  synchronizing  and  other  switching 
on  the  system  will  not  cause  interruption. 

After  the  relay  has  operated,  one-fourth  second 
may  be  required  for  the  circuit  breaker  to  open.     The 


relays  in  substation  P  will  not  begin  to  operate  until  the 
circuit  breaker  at  substation  N  has  opened,  on  the  as- 
sumption that  the  .short-circuit  is  close  to  the  latter 
substation  and  that  there  is  consequently  no  unbalanc- 
ing at  substation   P.     There  will,  therefore,  be  a   still 
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IIG     42 — DOUIILE  CONTACT  REVERSE  POWER   RELAY   API'LIED   TO 
DUPLICATE  FEEDERS 

Connections  shown  for  one  phase,  voltage  and  trip  circuits 
niniltcd. 

further  delay  of  one-half  second  at  substation  P  before 
tlie  trouble  is  finally  cleared. 

Various  other  features  of  relay  operation,  such  as 
the  effect  of  low  voltage,  effect  of  unbalance,  short- 
circuits,  etc.,  must  be  considered  in  proper  relay  ap- 
l>lication,  but  these  cannot  be  taken  up  in  a  general 
article  of  this  kind.* 

Lir.IITNING   ARRESTERS 

In  addition  to  the  oil  circuit  breakers  with  their 
disconnecting  switches  and  relay  equipment,  the  light- 
ning arrester  apparatus  is  one  of  the  most  important 
portions  of  the  power  transmission  apparatus.  While 
arresters  of  various  types  have  been  developed,  and 
are  in  service,  the  electrolytic  arrester  has  been  found 
to  furni.sh  the  maximum  amount  of  protection  and  is 
the  oiie  most  frequently  employed  where  continuity  of 
service  and  value  of  the  equipment  to  be  protected 
ir.akes  it  advisable  to  furnish  the  highest  grade  of 
equipment. 

The  essential  parts  of  an  electrolytic  lightning  ar- 
rester are  shown  in  Fig.  44.     The  arrester  consists  of 
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KIC.    43 — NETWORK   DISTRIBUTION    SYSTEM 

a  system  of  aluminum  cup-shaped  trays  supported  on 
jiorcelain  insulators  and  secured  in  frames  of  treated 
wood,  the  whole  arranged  in  a  steel  tank.     The  sys- 


*See  article  by  L.  N.  Crichton,  in  The  Electric  Tour>"^l, 
Vol.  XIII,  p.  339- 
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tern  of  trays  is  electrically  connected  between  line 
and  ground,  and  between  line  and  line.  These  trays 
contain  a  liquid  electrolyte  which,  on  charging  the  ar- 
rester, forms  a  film  on  their  surfaces.  This  film  pre- 
vents flow  of  current  at  normal  voltages,  but  forms,  a 
free  path  for  abnormal  voltages  or  static  discharges. 
Lpon  cessation  of  the  abnormal  stress,  the  film  regains 
its  original  resistance  almost  instantly,  and  prevents 
power  current  from  following  the  discharge. 

For  high  voltage  service,  horns  with  sphere  gaps 
are  used,  and  charge  and  discharge  resistors  are  con- 
nected in  series  with  the  akuninum  trays  so  that  under 
normal  conditions,  no  voltage  is  impressed  on  the  trays. 
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Abnormal  voltage  or  high  frequency  surges  will  bridge 
the  gaps,  allowing  current  to  pass  into  the  trays.  These 
aluminum  trays  are  separated  from  each  other  by  porce- 
lain spacers  arranged  around  the  edge  of  the  tray,  in- 
suring positive  separation  and  ample  space  for  the 
escape  of  such  gases  as  are  formed  during  a  heav)' 
discharge.  The  porcelain  spacers  vary  slightly  in 
thickness,  but  this  does  not  affect  the  operation  of  the 
arrester  because  the  resistance  of  the  cell  depends 
primarily  on  the  film  on  the  tray  and  only  slightly  on 
the  electrolyte. 

Fig.  45  shows  the  arrangement  of  tank  bushings, 
trays  and  supports  used  for  electrolytic  arresters  for 
132  kv  service.  The  tank  is  elliptical  in  shape  with 
two  terminals,  the  longer  one  connecting  to  the  line 
circuit,  the  shorter  one  being  used  for  the  neutral  con- 


nection. The  tanks  are  grounded  and  the  aluminum 
trays  are  mounted  on  insulated  supports  and  provided 
with  barriers  to  obviate  the  liklihood  of  any  high  volt- 
age jumping  from  the  trays  through  the  oil  to  the 
grounded  tanks. 

The  gaps  used  with  these  electrolytic  lightning  ar- 
resters have  been  made  of  the  horn  type,  sphere  type  or 
impulse  type.  The  horn  type  was  first  used  and  is 
still  employed  in  many  cases.  It  is  so  arranged  that 
any  arc  forming  will  follow  the  natural  tendency  to 
rise  and  will  be  extinguished  by  the  magnetic  effect  and 
the  increased  width  of  spacing  at  the  top  of  the  horn. 

A  sphere  gap  has  a  shorter  dielectric  spark  lag 
than  the  horn  gap,  i.e.   it  has  a  greater  speed  of  dis- 
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Barriers  not  shmvii. 

charge.  The  use  of  sphere  gaps  on  high-voltage  ar- 
resters considerably  increases  the  protection  afforded 
the  apparatus.  On  the  lower  voltage  arresters,  the 
rods  forming  the  horn  gaps  are  of  such  a  diameter 
that  they  have  practically  the  same  effect  as  sphere 
gaps  i.e.,  the  gap  is  so  small  in  proportion  to  the  dia- 
meter of  the  horn  that  the  effect  is  the  same  as  if 
sphere  gaps  were  used.  Where  sphere  gaps  are  em- 
ployed, they  have  a  horn  extension  rising  above  the 
spheres  to  assist  the  arc  to  rise  and  thus  be  extin- 
guished. 

The  latest  development  along  the  line  of  high  speed 
ga])s  is  the  impul.se  gap  shown  diagramatically  in  Fig. 
46.  The  original  horn  gap  has  considerable  time 
lag,  allowing  a  high  frequency  surge  to  rise  to  a  much 
higher  voltage  than  a  low  frequency  surge  before  dis- 
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charging  and  giving  protection.  The  sphere  gap  partly 
prevents  this  situation  by  eliminating  the  time  lag,  so 
that  all  frequencies  are  discharged  at  the  same  voltage. 
The  impulse  gaj)  has  a  negative  time  lag,  i.e.  the  higher 
the  frequency,  the  lower  the  voltage  at  which  the  gap 
discharges.      Thus     the     impulse     gap     automatically 


.■^Cv^atnur  yc  2 


FIG.    46 — l.Ml'UI.SK    G.\l'    .ARRANGEMENT 

selects  the  dangerous  surges  and  gives  protection  more 
quickly  than  any  other  known  form  of  gap.  With  the 
impulse  gap  the  high  frequency  discharge  voltage  may 
be  as  low  as  two-thirds  or  even  one-third  of  the  normal 
frequency  value.  It  is  therefore  possible  to  use  a  gap 
setting  that  will  premit  the  desired  degree  of  protection 
against  dangerous  surges  and  will  not  permit  too  tre- 
Cjuent  discharging  (jn  minor  surges  at  normal  frequency. 
The  high  sfjeed  of  the  sphere  gap  as  comjjared  w  itii 
the  horn  gap  is  due  to  the  elimination  of  the  time  ic- 


surges,  due  to  its  inability  to  discharge  these  disturb- 
ances at  lower  voltages  than  the  normal  fre(|uency  set- 
ting of  the  gaps.  In  the  impulse  gaps,  however,  the  ad- 
vantage of  high  normal  frequency  setting  of  the  gaps 
can  be  had  without  the  corresponding  disadvantage  of 
reduced  protection,  since  the  high  frequency  break- 
down value  of  the  impulse  gaps  is  much  lower.     The 


FIG.    48 — 50   KV  CHOKE  COIL   FOR  INDOOR  OR  OITDWIR    MOUNTING 

imi)ulse  gaj)  consists  of  porcelain  insulators,  two  fif 
v.hich  are  u.sed  as  condensers,  an  unbalancing  resistor, 
au.xiliary  electrode  or  tickler,  a  sphere  gap,  an  auxiliary 
horn  gap,  a  short-circuiting  clip,  a  charge  and  discharge 
resistor  and  a  supporting  frame-work. 

The  circuit  of  the  impulse  gap  is  balanced,  v.itli 
respect  to  voltage,  at  normal  frequency,  but  becomes 
unbalanced  and  starts  a  discharge  in  case  of  high  fre- 
(|ucncy  surges.  At  normal  frequency,  there  is  no  dif- 
ference of  potential  between  the  mid-point  of  the  con 
('en-^er  and  the  auxiliary  electrode  midway  between  the 
auxiliary  horn  and  sphere  gaps.  A  high  frequency, 
however,  pas.ses  freely  through  the  condensers  and 
jiiles  up  its  full  voltage  across  the  resistance  and  carries 
across  one  half  of  the  total  gap.  This  gap,  therefore, 
breaks  down,  resulting  in   the  total   voltage  being  im- 


49 — LINK    SL'SI'KNSION 
CHOKE   COII. 
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]iressed  on  the  remaining  gap  which  breaks  down  in 
turn.  Breakdown  at  each  half  of  the  gap  is  facilitated 
b\  the  fact  that  the  auxiliary  electrode  is  small  m  size, 
hr.ving  needle  gap  characteristics,  so  that  the  discharge 
voltage  at  each  half  of  the  gaj)  is  about  one-fourtli 
rather  than  one-half  of  the  total  gap  between  the 
s])heres. 

It  should  be  especially'  noted  that  the  danger  to 
quired  to  build  up  a  sphere  of  equi-potential  surface  on  apparatus  from  steep  wave  front  surges,  particularly  of 
the  discharge  part  of  the  horn  gap.  The  sphere  ga])  reverse  potential,  may  be  out  of  proportion  to  their 
provides  at  once  for  this,  and  ])ractically  eliminates  actual  magnitude,  due  to  the  inductance  of  apparatus 
corona.  It  does  not  however,  give  the  desired  protec-  which  not  only  produces  a  high  voltage  across  the  first 
tion   against   the   steep-wave    front    or   high    frequency     few  turns  of  the  winding  of  any  apparatus,  but  also  a 
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much  higher  voltage  to  ground  than  the  normal  voltage 
of  the  impulse,  due  to  the  addition  of  induced  or  re- 
flected voltage  to  the  normal   voltage  of   the  impulse. 

Fig.  47  shows  an  installation  of  impulse  gap,  elec- 
trolytic arresters  used  on  a  66  kv,  grounded  neutral  cir- 
cuit, where  only  three  sets  of  electrolytic  cells  are  em- 
ployed, one  being  connected  from  each  outside  circuit 
i>i  ground,  although  the  usual  arrangement,  whether 
for  grounded  or  ungrounded  circuits,  contemplates  the 
use  of  four  sets  of  cells,  three  being  connected  in  star 
between  the  outside  wires  and  a  neutral  point,  and  the 
fourth  being  connected  from  this  neutral  point  to 
ground. 

Whenever  a  surge  of  high  frequency  or  steep  wave 
front,  due  to  lightning  or  any  other  cause,  travels  along 
a  line  and  strikes  an  inductive  winding,  it  builds  up  a 
high-voltage  between  the  end  turns  of  that  winding  and 
also  a  high-voltage  to  ground.  Choke  coils  are  fre- 
quently furnished  for  use  on  line  circuits  to  take  the 
brunt  of  such  surges,  and  to  provide  a  point  where  the 


FIG.    51 — HOUN-C.\P   LIGHTNING    .ARRESTER 

With  high   capacity   resistance,  and  with   reactance   coil   in 
ground  circnit. 

lightning  arresters  can  be  connected  to  secure  the 
maximum  protective  eitect.  Besides  relieving  the  end 
turns  of  the  power  apparatus  from  the  first  shock  of  the 
surges  and  flattening  it  out  before  it  can  enter  the 
power  apparatus,  it  delays  the  progress  of  the  surge 
and  piles  up  the  voltage  momentarily  at  the  line  end, 
thus  giving  the  arrester  more  time  and  more  tendency 
to  discharge  and  relieve  the  line. 

W'hile  a  veiy  small  choke  coil  has  low  protective 
power,  very  large  coils  will  introduce  excessive  react- 
ance in  the  line  and  impair  the  regulation.  It  is  there- 
fore necessary  to  choose  a  choke  coil  suited  to  the  needs 
of  the  apparatus.  Fig.  48  shows  a  choke  coil  suitable 
for  50  kv  operation.  The  coil  consists  of  20  turns  of 
aluminum  rod  formed  into  a  helix  15  inch  in  diameter, 
and  provided  with  bracing  clamps  to  separate  the  turns 
rigidly  and  to  give  mechanical  strength  to  the  helix. 

For  outdoor  service,  the  line  suspension  choke  coil 
shown  in  Fig.  49  can  be  utilized  to  advantage.  This 
coil  can  be  inserted  directly  in  the  transmission  line  wire 


or  station  wiring  and  held  in  position  by  the  tension 
ol  the  line  or  station  wires.  Because  no  insulators  are 
recjuired  solely  to  support  this  choke  coil,  and  it  can 
be  installed  in  either  a  vertical  or  horizontal  position, 
it  can  often  be  utilized  very  effectively  in  power  and 
substation  layouts. 

For  the  plants  of  moderate  capacity  for  outdoor 
high-voltage  service,  particularly  where  the  lightumg 
conditions  are  not  very  severe,  the  cost  of  electrolytic 
lightning  arresters  may  not  be  justified  by  the  value  of 
the  equipment  which  they  are  protecting.  For  such 
cases,  horn  type  lightning  arresters  can  be  utilized  to 
advantage.  Such  arresters  are  usually  combined  with 
triangular  shape  choke  coils  as  shown  in  Fig.  50.  With 
this  arrangement,  one  side  of  the  choke  coil  acts  as 
one  of  the  horns  of  the  arrester.  The  coil  is  used  in 
this  way  first  as  a  magnetic  blowout  to  hasten  the  travel 
uf  the  arc  up  the  horns,  and  second  to  increase  the 
s]ieed  of  operation  of  the  arrester.  The  incoming  line 
is  connected  to  the  outside  turn,  and  the  path  of  the 
power  circuit  is  around  the  coil  and  out  through  the 
center,  so  that  the  surge  entering  the  coil  meets  its 
lirst  obstructicjii  at  the  first  sharp  upward  turn  of  the 
coil  opposite  which  is  mounted  the  ground  horn.  The 
voltage  will  build  up  at  this  point  and  is  reflected  back 
by  the  other  turn  toward  ground.  Due  to  this  con- 
si  ruction  the  gaps  to  ground  may  be  set  approximately 
50  percent  greater  than  the  ordinary  shunted  horn  gaps 
v.ith  the  .same  protection  obtained. 

A  surge  acts  as  though  it  had  momentum,  and  con- 
tinues to  travel  straight  ahead,  if  possible.  A  sudden 
change  in  direction,  results  in  piling  up  voltage  at  the 
turning  point.  A  surge  will  arc  to  ground  where  the 
resistance  to  ground  is  weakest,  or  where  it  meets  an 
obstruction.  In  the  arrester  illustrated,  a  most  efficient 
obstruction  to  surges  and  a  point  of  weak  resistance  to 
ground  are  concentrated  at  the  same  point,  and  back  of 
this  point  the  load  is  connected  to  the  line. 

Fig.  50  shows  a  diagram  of  this  type  of  arrester 
using  a  choke  coil,  main  and  auxiliary  gaps  and  re- 
sistance. A  resistor  is  permanently  connected  in  the 
ground  circuits  of  each  phase,  but  an  auxiliary  horn  gap 
shunts  this  resistor,  affording  a  direct  path  to  ground 
for  heavy  surges  or  a  direct  stroke  of  lightning.  The 
use  of  resistance  permanently  connected  in  the  ground 
circuit  does  not  affect  the  sensitiveness  of  the  arrester. 

For  more  severe  lightning  conditions,  the  type  of 
horn  arrester  shown  in  Fig.  51  is  used.  This  arrester 
is  similar  to  the  one  previously  described,  except  that 
a  reactance  coil  is  connected  in  series  with  the  high 
capacity  resistance  in  the  ground  circuit.  An  auxiliarv 
horn  gap  shunts  both  the  reactance  coil  and  the  resist- 
ance, thus  giving  a  direct  path  to  ground  to  a  surge  of 
such  ca])acity  that  it  cannot  be  discharged  (juickly 
enough  through  the  reactance  and  resistance.  This  re- 
actance is  used  principally  to  relieve  the  resistance  of 
the  heavy  strain,  by  smoothing  out  the  surge  befo.-e  it 
reaches  the  resistance.  The  use  of  the  reactance  coil 
ir  no  way  interferes  with  sensitiveness  of  the  arrester. 
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Field  Winding  Diagrams  for  Railway  Motors — I 


I'cl'orc  nttinipliiig  rcp:iii-  mi  tlu-  Ikid  \\iiidiiig>,  it  is  im- 
porlaiil  that  ihc  upcrator  shuiild  uiidcrstuiKi  the  relations  be- 
tween the  various  types  and  combinations  of  field  windings 
that  are  in  common  use.     The  inost  important  of  these  are: — 

I — Non-commutating  pole  motor — With  four  main  field 
coils,  each  coil  having  two  leads,  as  shown  in  Fig.   I. 

2 — Commutating  pole  motor — With  loin-  main  field  coils, 
each  coi]  having  two  leads,  and  four  commutating  field  coils, 
each  coil  having  two  leads,  as  shown  in  Fig.  2. 

3-  Commutating  pole  motor — With  four  main  field  coils, 
each  coil  having  two  leads  and  three  comnuUating  field  coils, 
each  coil  having  two  leads. 

4 — Commutating  pole  motor — With  four  main  lield  coils, 
each  coil  having  two  leads  and  two  comniutating  field  coils, 
each  coil  having  two  leads,  as  shown  in  Fig.  4. 

5 — Commutating  pole  field  control  motor — With  four  main 
field  coils,  each  coil  consisting  of  two  separate  coils  (short  and 
added  coil)  assembled  together,  with  each  assembled  coil  having 
four  leads,  and  with  four  commutating  field  coils,  each  coil 
having  two  leads,  as  shown  in  Fig.  5. 

In  general,  any  of  the  above  combinations  can  Ic  used  both 
on  the  split  frame  and  box  frame  types  of  motors,  and  with 
the  leads  on  cither  the  axle  or  the  suspension  side. 
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The  marking  of  the  motor  cable  leads  outside  the  frame 
is  shown  on  tags  attached  to  the  cables,  and  these  markings 
should  agree  with  those  given  on  the  winding  diagrams  as  fur- 
nished by  the  motor  manufacturers. 

During  the  general  overhauling  period,  when  the  field  coils 
are  taken  out  of  the  frame  to  be  cleaned,  redipped  in  insulating 
paint  or  varnish  and  baked,  or  when  damaged  coils  are  being 
replaced,  it  is  very  important  to  get  them  put  back  in  the  frame 
properly,  with  the  leads  so  connected  as  to  give  the  correct 
relative  polarity,  to  secure  the  required  magnetic  llnx.  If  for 
any  reason  one  or  more  of  the  main  field  coils  should  be  con- 
nected so  that  current  passes  through  them  in  the  wrong  direc- 
tion, this  motor  would  run  at  a  higher  speed,  and  when  put  on 
the  car  would  tend  to  "hog"  the  load  and  result  in  overheating 
the  armature.  Should  one  or  more  of  the  commutating  pole 
coils  be  connected  in  wrong,  the  motor  would  commutate  poorly 
and  tend  to  flash-over  from  the  brushholder  to  brushholder  or 
from  brushholder  to  ground. 

In  order  to  prevent  wrong  connections,  when  frames  are 
being  overhauled  or  repaired,  and  to  aid  the  operating  man  in 
connecting  the  field  coils  to  give  satisfactory  operation,  a  stan- 
dard winding  diagram  of  a  modern  commutating-pole  motor 
with  four  commutating  field  coils  (Fig.  2)   is  shown  in  Fig.  6. 

PRECAUTIONS  IN  REPLACING  FIELD  COILS 

The  following  points  are  well  worth  following  while  over- 
hauling or  repairing  field  windings. 

I — Coils  and  frame  should  be  cleaned  and  painted. 

2 — Coils  should  be  placed  on  poles  properly. 

3 — Coils  should  be  spring  supported,  and  where  necessary, 
backed  up  by  washers  of  either  metal  or  fibrous  material,  well 
painted. 


4— In  rei>laciiig  coils  temporarily,  tape  the  spring  and 
washers  to  the  coil  to  keep  them  from  working  out  of  place  and 
getting  in  between  the  pole  and  pole  scat  when  assembled. 

S — Clean  the  surface  of  the  pole  and  pole  seats,  to  insure 
a  good  close  fit  when  the  bolts  are  drawn  up  tightly. 

6 — Do  not  pound  the  pole  in  place  with  a  sledge — use  a 
block  of  wood  or  a  piece  of  soft  metal,  such  as  copper. 

7 — Be  sure  that  the  pole  b-olts  are  drawn  up  tightly  and 
that  lock  washers  are  under  each  nut.  Add  some  white  lead 
over  the  nuts  after  tightening  to  prevent  entrance  of  water. 

,S — Sound  the  assembled  pole,  using  a  small  hammer,  to  in- 
sure that  the  poles  are  drawn  up  tightly. 

0 — Connections  should  be  made  as  shown  on  the  winding 
diagram. 


Looking  at  Commuutor  End 


FIG.   6 

10— Check  the  polarity  of  each  coil.  (See  Railwav  Operat- 
ing Data  for  December  1916.) 

II— The  connections  between  coils  with  cable  leads  should 
be  made  by  butting  the  ends  together,  covering  the  joint  by  a 
copper  sleeve  and  soldering  well. 

12— When  the  coils  have  terminals,  the  ends  of  the  cable 
connected  to  the  terminal  should  have  a  metal  sleeve  soldered 
to  the  wire,  which  is  held  in  the  terminal  by  screws  securely 
tightened  and  locked. 

13 — The  ends  of  the  cables  coiniected  to  the  brushholders 
should  be  provided  with  metal  sleeves  or  terminals  that  are  to 
be  securely  clamped  and  locked  to  the  brushholder  casting. 

14 — All  wiring-around-frame  should  be  securely  anchored 
to  the  frame  and  tied  down,  to  prevent  vibration  and  to  keep 
the  insulation  from  being  rubbed  or  cut  by  parts  of  the  rotating 
armature. 

15 — Dip  and  bake  the  individual  coils.  To  secure  best  re- 
sults, dip  and  bake  the  entire  frame  after  the  coils  are  in  place 
and  all  connections  are  made. 

16 — The  motor  leads  where  they  come  out  of  the  frame 
should  be  well  protected  by  insulating  bushings. 

John  S.  Dean. 
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Our  subscribers  are  invited  to  use  thi 
means  of  securing  authentic  information  on  tiectrical 
mechanical  subjects.  Questions  concerning  general  engineer- 
ing theory  or  practice  and  questions  regardmg  apparatus  01 
materials  desired  for  particular  needs  will  be  answered 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  query.  All  data  necessar>'  for 
a  complete  understanding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available:  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


1877 — Ch,\nci.s'G  the  Speed  of  Motor 
Dkivex  Pu.mps  — I  have  a  50  hp, 
three  -  phase,  si.x-pole,  550  volt, 
squirrel-cage  motor  direct  connected 
a  six-inch,  single-stage  Watson-Still- 
man  pump,  which  at  its  present  speed 
maintains  50  pounds  water  pressure. 
1  wish  to  increase  the  water  pressure 
to  about  75  pounds  using  the  same 
quantity  of  water,  which  is  about  half 
the  pump  capacity.  I  propose  chang- 
ing the  motor  to  a  two  speed  motor 
by  two  sets  of  coil  connections,  one 
six  pole  and  the  other  four  pole  to 
get  about  1800  r.p.m.,  at  which  speed 
the  pump  is  safe  to  operate.  Will 
this  increase  in  speed  give  the  desired 
pressure?  Also  advise  if  the  motor 
will  stand  the  increased  speed,  if  the 
scheme  is  feasible,  and  show  by 
sketch  the  coil  connections  for  the 
proposed  change.  Give  the  horse- 
power rating  and  efficiency  as  a 
four-pole   motor.  e.w.b.   (ont.  ) 

The  pressure  at  constant  flow  at 
four-pole  speed  will  be  approximately 
two  and  one-half  times  that  at  six-pole 
speed ;  therefore,  the  horse-power  at 
four-pole  speed  would  be  approximate- 
ly two  and  one-half  times  the  horse- 
power at  six-pole  speed.  The  head  or 
pressure  is  approximately  proportional 
to  the  square  of  the  speed,  the  volume 
being  proportional  to  the  speed.  As  the 
volume  in  your  case  is  to  remain  con- 
stant it  is  necessary  to  make  allowance 
for  the  increase  in  head  due  to  throttling 
of  the  discharge.  With  constant  speed 
the  volume  will  vary  approximately  in- 
versely as  the  square  of  the  head.  It 
would  be  impossible  to  put  the  two 
windings  in  the  slots  for  four  and  six- 
pole  operation.  As  stated,  the  motor  is 
now  carrying  about  50  percent  load,  but 
if  run  at  four-pole  speed  the  load  would 
be  two  and  one-half  times  the  present 
load  or  a  25  percent  overload.  This 
would  mean  a  six-pole  winding,  good  for 
approximately  25  hp,  and  a  four-pole 
w^inding  good  for  65  hp,  in  the  same 
space  as  now  occupied  by  the  50  hp, 
vifinding,     which     would     be     impossible 

T.W.    &    C.W.K. 

1878 — Demagnetizing  Tools  — I  have 
much  trouble  with  tools  and  some- 
times my  watch  getting  magnetized. 
Please  tell  me  how  to  make  a  coil 
that  will  neutralize  the  magnetism 
using  no  volt,  60  cycle,  alternating 
current.  j.B.w.    (va.) 

To  make  a  coil  about  three  inches  in- 
side diameter  and  three  inches  long, 
wind  300  turns  of  No.  18  wire  and 
place  it  in  series  with  a  40  watt  lamp 
across  no  volts  alternating  current. 
This  gives  a  magnetizing  force  of 
about  36  ampere-turns  per  inch.  If  a 
coil  is  desired  which  is  to  be  placed 
directly  across  1 10  volts,  about  200  turns 
of  number  32  wire  would  be  necessary. 
In  demagnetizing  objects,  leave  them  in- 
side of  coil  for  only  a  few  seconds  and 
then   withdraw  them   very  verv'   slowly. 

D.F.M. 


li-i/Q — Weiuinc  a.\d  Burning  Outfit 
—  I  would  like  to  know  if  a  bank  or 
several  banks  of  grid  resistance  could 
be  connected  in  series  with  a  carbon 
electrode  and  connected  on  a  240  volt 
direct-current  power  circuit  in  order 
to  get  500  amperes  at  the  arc.  Or  is 
this  voltage  too  high  for  practical 
work.  A.W.P.     (iND.) 

Allowing  40  volts  arc  drop,  it  will  re- 
quire 0.4  ohms  resistance,  or  10  frames 
of  8  inch,  three  point,  cast-iron  grids 
properly  connected  in  series  with  the 
arc  to  obtain  500  amperes  from  a  240 
volt  direct-current  line.  Wc  have  sev- 
eral similar  installations  and  have  found 
three  reasons  which  make  this  arrange- 
ment undesirable;  namely; — loss  of 
power  in  the  resistance,  which  in  this 
particular  case  is  approximately  80  per- 
cent; danger  to  the  operator,  since  it  is 
very  easy  for  him  to  get  across  full  line 
voltage ;  and  poor  welds  caused  by  hold- 
ing a  long  arc,  made  possible  with  high 
voltages.  The  last  objection  is  entire- 
ly under  the  control  of  the  operator, 
since  he  can  hold  either  a  short  or  a 
long  arc.  Taps  on  the  resistor  for  se- 
curing different  current  values  will 
greatly  increase  the  flexibility  of  the 
unit  and  make  it  applicable  to  various 
grades  of  welding.  See  article  on  "Arc 
Welding  of  Mild  Steel"  by  O.  H.  Esch- 
holz,  in  the  Journal  for  July,  1918,  p. 
247.  H.E.D. 

1880 — Spacing  of  Wood  Poles — What 
is  standard  practice  in  the  spacing 
(distance  between  poles)  of  wood 
poles  for  power  transmission,  using 
No.  8  hard  drawn  copper  wire.  Vol- 
tages 6600  and  13  200. 

f.l.s.  (cuba) 
According  to  the  Bureau  of  Stand- 
ards, National  Electrical  Safety  Code, 
paragraph  221-b,  "No  wire  smaller  than 
No.  6  if  soft  copper,  No.  8  if  hard  or 
medium  copper,  nor  less  than  No.  9 
(Stl.  W.G.)  if  steel,  shall  be  used  for 
supply  lines  in  urban  districts.  It  is 
recommended  that  these  minimum  sizes 
shall  not  be  used  in  spans  longer  than 
150  feet  in  heavy  loading  districts  and 
i/S  ft.  in  medium  and  light  loading  dis- 
tricts." We  believe  that  200  foot  spans 
could  be  safely  used  in  Cuba,  which  we 
understand  never  experiences  sleet 
storms.  Table  I,  giving  data  from  ac- 
tual installations,  is  taken  from  the  in- 
sert on  page  212  of  N.E.L.A.  Conven- 
tion Reports  of  May,   1916. 

table  I- 


Location 
Eastern  Washington . 

Eastern  Washington. 

Eastern  Washington. 

Central  Washington. 

Central  Washington. 


1881 — Metering  Low  Power-Factor, 
Three-Phase  Load — Please  state  the 
relative  merits  of  "the  following  three 
methods  of  metering  three-phase 
energy,  particularly  in  the  case  of 
loads  of  e.xtrcmely  low  power-factor, 
as  encountered  in  the  metering  of 
synchronous  condenser  losses:  (a)-A 
two-element  poly-phase  watt-meter. 
(2) — Two  single-phase  watt-hour  me- 
ters. (3) — Three  single-phase  watt- 
hour  meters,  with  the  potential  coils 
connected  star.  h.m.j.    (mass.) 

A  two-element  watt-hour  meter  is 
preferable,  because  it  automatically 
records  the  algebraic  sum  of  the 
amounts  of  energy  measured  by  each  of 
the  watt-hour  meter  eilements.  The  two 
meter  method  is  not  as  satisfactory  as 
the  poly-phase  meter  method,  because 
one  of  the  meters  rotates  in  a  negative 
direction  when  the  power-factor  of  the 
circuit  is  less  than  50  percent,  thus 
making  it  necessary  to  take  the  alge- 
braic sum  of  the  meter  readings  to  de- 
termine the  total  energy  in  the  three- 
phase  circuit.  Three  watt-hour  meters 
with  the  potential  coils  connected  star 
will  each  rotate  in  a  positive  direction 
regardless  of  the  power-factor  of  the 
circuit  and  the  total  energy  is  the  sum 
of  all  the  readings.  However,  the  arti- 
ficial neutral  obtained  by  the  star  con- 
nection of  the  voltage  coils  is  sensitive 
to  line  disturbances  and  the  efTect  of 
higher  harmonics.  Inasmuch  as  the 
two  element  polyphase  meter  consists 
simply  of  two  single  elements  mounted 
on  the  same  shaft  and  having  the  same 
power-factor  adjustment  for  low  power- 
factor,  there  should  be  no  difference 
between  the  accuracy  of  the  three 
methods    from    this    standpoint. 

H.R. 

1S82 — Difference  Betwee.v  kw  and 
Kv-A — Will  you  please  explain  the 
difference  between  the  expression 
kw  and  kv-a  in  their  relation  to 
alternating-current  machinerj'?  For 
example,  in  the  formula  kiv  =: 
E  y.  !  y.  potcer-factor 


1000 


-which  is  used 

to  compute  the  kw  output  of  an  alter- 
nating-current, single-phase  generator, 
could  kv-a  be  properly  substituted  for 
kw?  G.D.c.    (n.y.) 

Kw     refers    to     the    power    actually 
represented    in    a    circuit.     Kv-a    repre- 
sents the  product  of  the  volts  and  am- 
LENGTH  OF  SPAN 


Central  Washington. 
Central  Washington.. 
Central  Washington. 


Length 

Span 

Miles 

Voltage 

Poles 

Feet 

Primary   Conductor 

31.39 

6900 

8  in.— 35 

150 

3 — No.   3   aluminum 

7   in.— 40 

125 

3 — No.   8   copper 

19.65 

6900 

8   in. — 35 

200 

3- — -No.   4   iron 

7   in.— 40 

125 

3 — No.  8  copper 

25.45 

6900 

8  in— 35 

150 

3— No.   3  aluminum 

7   in.— 40 

125 

3 — No.    R   copper 

7.2 

6600 

35  ft. 

250 

3— No.  6,  No.  8  and  No 
copper 

8 

1.8 

6600 

35  ft. 

140 

2— No.  8,  No.  6  and  No. 

8 

1.08 

6600 

35  ft. 

250 

3 — No.   8  copper 

0.52 

2500 

35  ft. 

195 

3 — No.  8  copper 

0.52 

6600 

35  ft. 

145 

2 — No.   8  copper 

O.M.J. 
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peres  divided  by  lOOo;  in  a  three-phase 
circuit  it  equals  the  product  of  the  sum 
01  the  three  currents  multiplied  by  the 
average  voltage  between  phases  and 
divided  by  lOOO  times  the  square  root  of 
three.  The  ratio  between  the  kw  and 
kv-a  equals  the  power- factor ;  in  fact 
this  is  the  dciinition  of  power-factor. 
Hence  the  terms  kw  and  kv-a  cannot  be 
used  interchangeably  except  at  unity 
power-factor.  The  term  kw  is  used 
whenever  the  actual  power  that  is  pass- 
ing through  electrical  apparatus  is  re- 
ferred to;  hence  it  .is  used  in  connection 
with  meter  readings  and  in  expressing 
power  consumption.  The  term  kv-a  is 
ordinarily  used  when  the  temperature 
rating  of  apparatus  is  in  question. 
For  instance,  transformers  are  usually 
rated  in  kv-a,  as  the  limit  of  trans- 
former capacity  is  determined  by  the 
product  of  voltage  and  amperes,  and 
not  by  the  actual  power  which  passes 
through  it.  In  a  similar  way,  the  out- 
put of  a  generator  is  usually  spoken  of 
in  kv-a,  as  the  product  of  voltage  and 
amperes  again  ordinarily  determines  the 
maximum  carrying  capacity  rather  than 
the  actual  power  output.  When  deal- 
ing with  transformers  or  similar  ap- 
paratus a  rating  of  6000  kw  at  100  per- 
cent power-factor;  a  rating  of  6000  kv- 
a;  and  a  rating  of  4800  kw  at  80  percent 
power-factor  amounts  to  the  same  thing 
—in  other  words,  these  three  ratings 
are  identical.  In  a  generator  howevvr. 
these  three  ratings  would  not  specify 
identical  machines,  as  a  machine  must 
have  more  field  excitation  to  supply 
4800  kw  at  80  percent  power-factor  than 
to  supply  6000  kw  at  100  percent  power- 
factor.  Hence  a  generator  rated  at 
4800  kw  at  80  percent  power-factor 
would  be  a  larger  machine  than  one 
rated  at  6000  kw  at  too  percent  power- 
factor,  although  the  kv-a  rating  would 
be  the  same  in  both  cases.  c.r.r. 

i883_Generator  Fuses  —  Is  it  the 
present  practice  to  fuse  an  alterna- 
ting-current generator  either  at  the 
switchboard  or  at  the  generator. 
Size  of  the  generator  in  this  case, 
225  kv-a.,  three-phase,  60  cycle,  240 
volts.  A.H.A.    (iix.) 

It  is  not  the  practice  to  provide  auto- 
matic overload  protection  for  alternat- 
ing-current generators.  Automatic 
overload  protection  should  be  provided 
for  feeders  either  in  the  form  of  fuses 
or  circuit  breakers.  Where  a  single 
alternating-current  generator  feeds  to  a 
single  feeder  circuit,  automatic  over- 
load protection  should,  of  course,  be 
provided  in  that  circuit.  j.m.b. 

1884— Inverted    Current   Transformer 
— Would  it  always  be  accurate  under 
all    conditions    to    use    an    ordinary 
series    current    transformer   inverted? 
That   is,   with   a   transformer   with   a 
five    ampere,    secondary,    ratio    20:1, 
would  I  get  100  amperes,  in  the  pri- 
mary in  all  cases?  r.a.s. 
A   series   transformer   is    usually   not 
very  accurate  when  used  inverted.    This 
is  because  the   ratio  of   transformation 
is  not  the  same  as  the  ratio  of  number 
of  turns,  because  current  transformers 
are    compensated     for     the     impedance 
drop   in   their   windings,  by  having  the 
ratio  of   turns   somewhat  less  than  the 
rated  ratio  of  transformation.    Thus  a 
transformer    which    has    five    amperes 
secondary  current  with   lOO  amperes  in 
the  primary  would  not  give  100  amperes 
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in  the  secondary  when  run  inverted 
with  live  amperes  in  the  primary,  but 
the  secondary  current  would  be  less  by 
twice  the  amount  of  the  compensation, 
which  might  amount  to  several  per- 
cent. C.R.R. 

I t<8s— Generator  Wiring — The  distance 
from  a  225  kv-a,  three-phase,  60  cycle, 
240  volt  generator  to  the  switchboard 
is  about  60  ft.  It  is  proposed  to  run 
wires  in  an  open  space  left  in  the 
cement  floor  a  distance  of  18  feet  to 
the  wall,  then  run  open  on  the  face  of 
the  wall  to  the  board.  Would  it  be 
best  to  use  three  lead  covered  cables 
or  rubber  covered  wire  in  conduit, 
where  the  wires  run  in  the  floor? 
Would  a  600000  circ.  mil.  cable  be 
large  enough?  The  load  is  nearly  all 
in   motors.  a.h.a.    (ill.) 

22s  kv-a,  three-phase  at  240  volts 
means  a  current  of  about  5Sf>  amperes. 
On  the  basis  of  the  underwriter's  rules. 
this  current  would  require  800000  circ. 
mil.  cable  if  rubber  insulation  were 
used,  or  about  a  500000  circ.  mil.  cable 
with  slow  burning  insulation.  Single 
conductor  lead  covered  cable  of  500000 
circ.  mil.  section  could  also  be  used  for 
this  current.  Assuming  that  the  con- 
duit and  cables  will  not  be  exposed  to 
moisture,  we  would  recommend  that 
cable  with  slow  burning  insulation  of 
500000  to  600000  circ.  mil.  cross  sec- 
tion be  applied  both  in  the  conduit  and 
for  the  open  wiring.  This  will  give  the 
most  economical  arrangement  and  at 
the  same  time  should  be  entirely  satis- 
factory. In  case  there  is  danger  of 
moisture  being  present,  wc  would 
recommend  single  -  conductor,  lead 
covered  cable  of  the  same  cross  section 
recommended  above.  The  lead  cover- 
ed cable  will,  of  course,  be  more  expen- 
sive than  the  cable  with  slow  burning 
insulation,  and  unless  moisture  is 
present  it  would  hardly  be  justified  in 
this  case.  RC.s. 

1886  Alternator  Insulation  —  Upon 
examining  the  rotor  of  one  of  our 
1000  kv-a,  turbo-alternators  we  found 
the  horn  fibre  insulation  between  the 
rotor  coils  and  slot  wedges  badly 
charred,  the  insulation  in  the  slots 
nearest  the  pole  being  the  most  afTec- 
ted.  Do  you  think  this  was  caused  by 
the  machine  being  run  single-phase 
(we  have  no  knowledge  of  this 
occurring)  or  due  to  an  excessive 
field  current?  The  machine  is  60 
cycle,  2300  volt,  3600  r.p.m.,  star  con- 
nected, and  has  been  in  service  about 
two    years  w.N.w.    (okla.) 

The  rotor  of  the  generator  may  be 
running  hot,  due  to  the  machine  carry- 
ing badly  unbalanced  load  or  to  exces- 
sive field  current  required,  due  to  the 
machine  operating  at  a  lower  power- 
factor  than  it  was  designed  for.  If  the 
maximum  difference  in  line  current  be- 
tween phases  does  not  exceed  ten  per- 
cent of  the  rated  current,  the  heating 
is  probably  not  due  to  unbalanced  load, 
but  rather  to  excessive  field  current. 
The  temperature  of  the  field  should  be 
measured  by  the  resistance  method  and 
if  the  field  is  insulated  with  fishpaper 
and  fibre,  as  it  seems  to  be,  the  total 
temperature  should  not  exceed  105  de- 
grees C. ;  or,  if  the  field  is  insulated 
with  mica,  the  total  temperature  should 
not  exceed  150  degrees  C.  The  cold 
resistance  should  be  measured  after  the 
machine   has   been   shut   down   at   least 
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thirty-six  hours  and  checked  with  a 
value  (jbtained  from  the  manufacturer, 
10  determine  whether  there  arc  any 
short-circuits  which  might  cause  local 
heating.  The  temperature,  by  the  resis- 
tance method,  can  be  found  as  follows : 
— The  resistance  should  be  measured 
with  a  direct-current  voltmeter  and  am- 
meter, which  have  been  previously  cali- 
brated, and  the  voltages  should  be  read 
across  the  collector  rings,  and  not 
across  the  brushes.  With  the  machine 
under  the  maximum  load  which  it 
carries,  and  after  it  has  been  carrying 
this  load  for  three  or  four  hours, 
measure  the  hot  resistance.  The  total 
temperature  of  the  field  will  be  given 
by  the  formula- 


/?. 


234-5 


Total  =  X  259.3 

where  Rt  =  hot  resistance  at  any  cool- 
ing air  temperature,  and  Ra  ==  cold 
resistance  at  25  degrees  C.  cooling  air 
temperature.  If  the  cold  resistance  is 
measured  at  some  other  temperature, 
than  25  degrees  C.  it  can  be  corrected  to 
25  degrees  C.  as  follows: 

(i  -f-  o.oo427Ns )_ 
R.,,  =  R,  ^j  _^  0.00427'.) 
If  the  machine  exceeds  the  limits  given 
above,  and  there  is  only  slight  unbal- 
ance, the  characteristics  as  to  power- 
factor  and  kv-a  rating  should  be 
checked   with   the  manufacturer. 

S.L.H. 

1R87— Special  Field  On  Sychronous 
Motor— We  are  planning  to  install  a 
synchronous  motor  generator  set  to 
carry  part  of  our  direct-current  load, 
and  also  to  use  as  a  condenser  on  the 
alternating-current  system.  The  syn- 
chronous motor  will  be  of  extra  capa- 
city, so  it  will  be  able  to  pull  the  di- 
rect-current load  and  at  the  same  time 
have  suliicicnt  capacity  to  raise  the 
power-factor  of  the  station,  consider- 
ably. 

Our  plant  has  two  exciting  systems, 
of  120  volts  and  240  volts  respectively. 
All  our  alternating-current  generators 
operate  in  parallel,  but  some  are 
wound  for  120  volt  excitation  and 
others  for  240  volt  excitation.  Each 
exciter  system  has  its  own  separate 
Tirrill  regulator.  As  both  of  these 
exciter  systems  are  not  always  in 
operation  it  would  simplify  matters 
if  we  could  obtain  a  synchronous 
motor  that  could  be  excited  from 
either  bus.  Would  it  be  practicable  to 
have  a  special  field  winding  on  the 
motor  so  it  could  be  operated  from 
cither  120  or  240  volts?  That  is  — two 
field  circuits,  each  for  120  volts 
brought  out  to  four  collector  rings 
and  connected  to  a  four-pole,  double- 
throw  switch  on  the  switchboard, 
which  would  connect  the  two  field 
circuits  in  parallel  for  120  volts  and  in 
series  for  240  volts?  Fig.  (a)  will 
make  my  idea  more  clear.  Our  pre- 
sent synchronous  motors  are  excited 
direct  from  the  90  volt  generators 
which  they  drive,  and  are  independent 
of  the  exciter  busses.  When  opera- 
ted as  condensers  they  seem  to  have  a 
decreasing  efifect  on  the  power-factor, 
as  the  alternating-current  load  in- 
creases. The  writer  has  it  in  mind 
that  if  a  synchronous  motor  on  the 
system  were  excited  from  the  station 
exciter  bus,  the  voltage  regulator 
would  automatically  keep  the  power- 
factor  up,  as  the  load  increased,  by  in- 
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creasing  the  exciter  voltage  and  there- 
fore   the    field    current    in    the    syn- 
chronous motor.     Would  such  a  syn- 
chronous    motor     be     operative     and 
would  the  effect  be  as  outlined  above? 
J.C.E.   (oHio) 
The  idea  embodied  in  the  question  is 
feasible,  but  such  innovations  involving 
complications    in    standard    construction 
are    objectionable    on     account    of     the 


heavy  current  Mazda  lamp  btilbs,  in 
which  the  glass  bulb  has  become 
loosened  from  the  brass  base.  The 
lamps  are  otherwise  in  good  condi- 
tion, but  we  are  afraid  to  use  them 
for  fear  of  twisting  the  leads  to- 
gether. Can  you  tell  us  how  to  re- 
cement  the  brass  base  to  the  bulb? 

D.CH.R.     (pa.) 

We   do  not  know  of  any  way  to   re- 
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added  expense  of  manufacture,  when 
there  are  other  means  of  surmounting 
the  difficulty.  We  would  suggest  as  an- 
other possibility  a  scheme  such  as  is 
shown  in  Fig.  (b).  The  complications 
are  considerably  reduced,  while  the 
extra  losses  are  incurred  by  the  constant 
resistance  R  only  when  it  is  impossible 
to  excite  from  the  120  volt  bus,  which 
would  be  considered  normal  operation. 
Only  one  field  rheostat  will  be  required 
for  this  arrangement  and  the  only  extra 
apparatus  for  240  volt  excitation  will  be 
the  double-pole,  double-throw  switch 
and  the  ballast  resistance.  e.b.s. 

1888 — Transformer  Operation  — We 
have  a  bank  of  three  single-phase 
transformers,  connected  delta  on  both 
sides,  300  k.v.a,  13  200/575  volts,25 
cycles.  Recently  I  have  noticed  an 
unusual  noise  like  the  chirping  of  a 
cricket  coming  from  the  bank  and 
usually  at  about  the  same  time  each 
evening,  which  lasts  only  a  few 
minutes.  I  have  been  told  that  this 
is  caused  by  arresters  being  charged 
somewhere  on  the  system.  Is  this 
correct,  and  how  is  it  accounted  for? 

C.P.     (ONT.) 

The  changing  of  arresters  often  sets 
up  disturbances  on  the  connected  lines. 
These  disturbances  are  at  comparatively 
high  frequency,  and  although  they  are 
small  in  magnitude  and  harmless  to  con- 
nected apparatus,  they  are  often  audible 
virhen  passing  through  inductive  ma- 
chines, such  as  transformers.  It  is 
probably  that  the  noise  in  this  case  is 
due  to  charging  arresters.  j.f.p. 

1889 — Cementing  .Lamp  .Bulbs.  — We 
have    several    stereopticon    and    other 
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240  Voit  ExciK 

(b) 

(a)    and    (b) 

move  the  cement  which  has  loosened  in 
the  bases  of  these  bulbs.  It  is  possible 
that  the  bulbs  could  be  reclaimed  by 
immersing  the  base  of  the  bulb  in  water 
glass  and  allowing  it  to  soak  until  the 
water  glass  has  had  a  chance  to  pene- 
trate the  crevices  of  the  defective  ce- 
ment. This  will  be  perhaps  one-half 
hour.  Then  lift  the  bulb  out  of  the 
water  glass  and  carefully  wipe  off  the 
material  from  the  brass  base  so  that 
the  electrical  contact  will  not  be  im- 
paired. Then  allow  the  water  glass  to 
set  for  about  48  hours,  at  room  temp- 
erature. UE.F. 

1890 — Unbalanced  Load — In  a  three- 
phase,  625  kw,  480  volt,  alternating- 
current  generator,  what  percent  of 
full  load  current,  unbalancing  be- 
tween phases,  can  there  be  without 
injury  to  the  generator? 

S.J. p.  (mich.) 
The  question  of  the  amount  of  un- 
balancing which  a  given  generator  will 
carry  without  damage  depends  consider- 
ably on  the  design  of  the  particular  unit. 
Unbalance  of  the  currents  causes  addi- 
tional heating  in  the  field,  due  to  double 
frequency  current,  in  the  same  way  as 
a  single-phase  load,  which  is  really  a 
special  case  of  unbalancing.  The 
amount  of  this  double  frequency  cur- 
rent which  can  be  taken  care  of  on  the 
field,  without  causing  serious  heating, 
depends  on  whether  or  not  the  field 
has  a  damper  winding  and  also  upon 
the  relation  between  ampere-turns  in  the 
armature  and  the  total  flux.  That  is 
to  say,  a  high  flux  and  a  low  ampere- 
conductor machine  would  take  care  of 
a    larger   percentage   unbalance    than    a 


machine  of  the  reverse  characteristics. 
The  average  machine  without  a  damper 
winding  will  take  care  of  a  difference 
in  current  between  maximum  and  mini- 
mum phase  of  approximately  ten  per- 
cent of  the  rated  current,  and  if  the  ma- 
chine has  a  damper  winding,  the  maxi- 
mum difference  can  be  100  percent  or, 
in  othcT  words,  a  single-phase  load.  In 
any  event,  the  heating  on  the  field  is  the 
limiting  feature,  and  if  the  load  is  un- 
balanced, the  temperature  of  the  field 
should  be  checked  by  the  increase  in  re- 
sistance method.  s.l.h. 
iSgi— Starting  Induction  Motor— How 
is  the  primary  current  of  a  slip-ring 
motor  affected  by  inserting  resistance 
in  the  rotor  circuit?  a.r.  (ohio) 
The  primary  current  varies  with  the 
torque  which  is  produced  by  the  motor 
and  the  only  effect  the  secondary  re- 
sistance has,  is  to  change  the  speed  At 
which  the  value  of  torque  is  delivered. 
The  primary  current  is  a  function  of 
the  torque  and  is  not  directly  dependent 
on  the  secondary  resistance.            c.w.k. 

1892— Magnetic  Detector  for  Iron— A 
conveyor  belt  18  inches  wide  by  10  ft. 
long  delivers  rags  and  old  clothing  to 
a  rag  cutting  machine  which  cuts  it 
up  into  small  pieces  to  be  used  in  the 
manufacture  of  paper.  Now,  it  fre- 
quently happens  that  small  pieces  of 
iron  and  steel,  accidentally  mixed  in 
with  the  rags,  are  carried  into  the 
cutting  machine,  where  they  do  con- 
siderably damage  to  the  cutting 
knives.  It  has  occurred  to  me  that 
some  kind  of  detecting  coil  placed 
immediately  under  the  conveyor  belt 
and  used  in  conjunction  with  relays 
and  signal  bells,  could  be  made  to  in- 
dicate the  presence  of  these  objection- 
able articles  of  iron  and  steel  coming 
within  say  a  12  inch  zone  of  its  in- 
fluence. The  attendant,  on  receiving 
the  signal,  would  at  once  remove  that 
portion  of  the  rags  containing  the 
iron  article.  Could  I  expect  results 
should  I  experiment  to  attain  the  ob- 
ject as  outlined  above?  Could  you 
give  me  a  hint  as  to  what  line  to  fol- 
low to  attain  this  object?  I  am 
aware  of  a  system  of  coils  for  loca- 
ting iron  ore.  (See  Hopkins  "Ex- 
perimental Science"  23rd  edition.  Vol. 
II,  page  330).  F.T.s.   (calif.) 

It  is  possible  to  make  an  indicator 
which  will  show  magnetic  particles  pass- 
ing along  the  conveyor  belt.  The  in- 
dications will  be  rather  feeble  unless  the 
particles  have  large  dimensions  or  pass 
close  to  the  detecting  coil.  In  order  to 
make  a  reliable  device,  considerable 
complication  may  have  to  be  resorted 
to,  such  as  the  use  of  amplifiers  or 
photo-electric  cells.  We  would  suggest 
that  an  alternating-current  bridge  be 
constructed,  fed  preferably  by  25  cycles. 
Two  adjacent  arms  should  have  non- 
inductive  resistance  and  the  other  two 
adjacent  arms  air  coils — one  of  these 
coils  being  the  detector  coil  co-operating 
with  the  belt.  The  galvanometer  di- 
agonal of  the  bridge  should  contain  a 
tuned  galvanometer  of  the  Campbell 
type,  arranged  to  operate  a  relay  by 
means  of  reflected  or  interrupted  light. 
When  non-inductive  material  is  in  the 
detector  coil  an  ohmic  and  inductive 
balance  is  made,  so  that  the  galvano- 
meter shows  no  deflection.  When  mag- 
netic material  passes  near  or  through 
the  detector  coil  the  inductance  of  this 
coil   is  increased  and   destroys  the  bal- 
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ancc  of  the  bridge.  If  the  rags  are 
rather  deep  as  they  pass  along  the  belt, 
it  would  be  wise  to  put  a  detector  coil 
under  the  belt  with  the  axis  vertical  and 
having  dimensions  in.side  of  the  coil  of 
I N  by  4  by  4  in.  In  order  to  bring  the 
rags  and  magnetic  particles  near  to  the 
coil,  a  non-magnetic  roller  could  be 
placed  just  above  the  coil  so  as  to  press 
the  rags  down  at  this  point.  If  the  rags 
are  not  deep,  tests  should  be  tried  by 
passing  the  belt  through  a  coil  having 
its  axis  parallel  to  the  direction  of 
travel.  If  the  rags  passing  along  the 
belt  arc  of  small  size  and  very  loosely 
and  thinly  piled,  it  seems  as  though  a 
strong  magnet  placed  above  the  rags 
should  pick  up  magnetic  particles  and 
possibly  rags.  When  these  stick  to  the 
magnet,  a  sensitive  mechanical  electrical 
contact  could  be  operated  by  the  drag 
of  the  passing  belt  and  ring  a  bell.  The 
practical  solution  of  the  detector  asked 
for,  can  best  be  determined  by  experi- 
mental trial.  Such  apparatus  is  easily 
worked  in  a  laboratory,  but  is  more 
difficult  to  use  in  such  a  factory.  L.w.c. 

igQ3 — Calculating  Resistor  for  In- 
duction Motor — When  building  a 
starting  resistance  for  a  slip-ring 
type  induction  motor,  how  is  the  oh- 
mic  value  computed?  Please  ex- 
plain this  fully.  G.w.s.  (cal.) 
It  is  first  necessary  to  obtain  the 
secondary  volts  and  amperes  of  the  mo- 
tor, that  is,  the  voltage  between  rings 
with  the  rotor  locked  and  the  full  load 
current  in  the  secondary  windings.  The 
required  resistance  per  phase  can  then 
be  calculated  by  assuming  the  percent 
of  full-load  current  desired  and  divid- 
ing the  voltage  per  phase  by  the  cur- 
rent per  phase.  Three-phase  balanced 
resistors  are  commonly  used,  and  for  a 
star  connection  the  voltage  per  phase  is 
the  voltage  between  rings  divided  by 
t.73,  while  for  a  delta  connection  the 
current  per  phase  is  the  current  in  the 
windings  divided  by  1.73-  The  division 
of  the  resistance  per  phase  into  steps 
and  their  capacity  is  determined  the 
same  as  for  a  direct-current  motor,  and 
the  total  resistance  consists  of  three 
identical  phases.  See  article  on  "'The 
Design  of  Direct-Current  Accelerating 
Resistors"  by  L.  J.  Hibbard  in  the 
Journal  for  October  1916.  h.c.n. 

1894 — Design  of  Generator  Shafts — 
Please  discuss  the  limitations  of  the 
size  of  a  generator  shaft  due  to  the 
combination  of  shearing  and  bending 
stresses;  also  the  dififcrent  considera- 
tions in  the  design  of  a  turbine  and 
reciprocating  engine  driven  generator 
shaft.  PS.  (n.y.) 

The  vertical  shear  is  usually  neglected 
in  calculating  generator  shafts.  Usu- 
ally, the  only  shear  stress  to  consider 
is  that  due  to  torsion.  The  bending 
stresses  are  important  as  each  fiber  in 
the  shaft  is  alternately  in  compression 
and  tension  for  each  turn  of  the  shaft. 
This  stress  may  be  quite  high  for  low- 
speeds,  but  must  be  lower  with  higher 
speeds.  Shaft  deflection  is  also  impor- 
tant. These  points  arc  clearly  ex- 
plained in  "Mechanical  Design  and  Con- 
struction of  Generators"  by  Livingstone. 

W.F. 

189s  —Induction  Motor  Connected 
Open  Delt.\ — In  a  three-phase,  delta 
connected,  squirrel-cage.  induction 
motor  having  one  phase  of  the  wind- 
ing internally  open  circuited,  please 
explain  why  the  machine  will  not  run. 


I  hat  is,  why  it  will  not  operate  open 
delta?  c.G.H.   (ARIZ.) 

VVc  obtained  tests  on  a  delta  connec- 
ted motor  with  one  leg  of  the  winding 
disconnected,  duplicating  your  condi- 
tions. The  motor  operated  in  a  fairly 
satisfactory  manner,  having  a  good 
starting  torque,  and  running  smoothly 
at  normal  speed.  It  is  not  to  be  ex- 
pected that  this  motor  will  carry  the 
same  load,  for  one  third  of  the  winding 
is  inactive  and  the  other  two  legs  must 
carry  increased  current  to  make  up. 
We  found  an  unbalance  in  the  terminal 
currents,  one  terminal  carrying  about 
50  percent  more  than  the  other  two. 
The  tiux  conditions  with  only  two  ac- 
tive phase  belts  are  not  the  best,  for 
this  arrangement  gives  an  unsym- 
metrical  revolving  held.  In  fact  the 
motor  is  no  longer  three-phase,  but  is 
two  phase  with  current  relation  of  120 
degrees  instead  of  90  degrees.  We  do 
not  understand  why  your  motor  does 
not  run,  unless  the  motor  torque  under 
this  condition  is  not  sufficient  properly 
to  carry  the  load.  h.l.s. 

1896 — Motor  Overloads  -  Prevention 
OF  Fuses  Blowing — I  am  employed 
in  testing  motors  for  a  large  auto- 
mobile company.  There  is  consider- 
able trouble  from  fuses  blowing 
which  causes  production  loss.  I'he 
trouble  seems  to  be  usually  hard 
stock  or  work  pushed  too  hard  for  a 
small  space  of  time,  (a)  The  feeders 
are  fused  to  a  maximum,  but  the 
fuses  blow.  To  avoid  time  loss, 
would  it  be  advisable  to  install  auto- 
matic reclosing  circuit  breakers  in 
the  feeder  circuits  which  blow  these 
fuses,  (b)  Do  you  think  that  if  a 
line  shafting  extends  the  length  of 
a  building  on  both  sides,  which 
shafting  is  parted  in  sections,  using 
a  motor  from  25  to  40  hp  on  each 
section,  that  fuse  blowing  would  be 
less  and  first  cost  and  running 
economy  be  better,  if  larger  motors 
were  used  to  operate  the  same  sec- 
tions as  two  now  or  in  what  way 
would  it  be  practical  to  arrange  for 
each  two  sections  of  shafting  to  be 
driven  by  two  motors,  using  some 
sort  of  slip  coupling,  the  idea  in 
mind  being  that  one  motor  would 
help  out  the  other  and  prevent  over- 
loads. What  would  you  think  of 
the  advisability  of  placing  a  reac- 
tance in  an  alternating-current  mo- 
tor circuit  to  prevent  the  fuses  from 
blowing  on  sudden  overloads?  If  it 
is  not  desirable  to  place  a  reactance 
permanently  in  the  motor  circuit, 
what  about  having  a  reactance  which 
w-ould  normally  be  short-circuited  by 
a  magnet  switch,  the  magnetic  switch 
to  be  opened  by  a  relay  during  over- 
loads? Since  it  requires  a  little  time 
for  a  fuse  to  blow,  it  seems  the  mag- 
netic inertia  would  not  be  an  objec- 
tion. If  this  is  not  desirable  how 
about  placing  the  reactance  in  a  cir- 
cuit which  feeds  a  number  of  mo- 
tors? .T.E.M.   (mich.I 

(a')  If  is  not  advisable  or  practical  to 
have  reactance  in  a  circuit  to  prevent 
fuses  from  blowing.  For  the  service  as 
mentioned  in  the  above  question  it  is 
standard  practice  to  use  automatic  cir- 
cuit breakers  with  inverse  time  ele- 
ments, (b)  The  first  cost  would  be 
less  using  one  large  motor  in  the  place 
of  two  of  half  the  capacity.  The  run- 
ning economy  would  be  better  with  the 
larger  motor  if  the  driven  machines  all 


operate  continuously,  but  might  be  less 
if  part  of  them  are  idle  some  of  the 
time.  The  reliability  would  be  lessened 
by  using  one  motor,  as  any  trouble 
would  tic  up  twice  as  much  driven  ap- 
paratus. We  know  of  no  practical 
arrangement  whereby  two  motors  may 
be  coupled  together  in  such  a  manner 
as  to  increase  the  reliability  in  driving 
two  line  shafts.  With  such  an  arrange- 
ment fuses  blowing  in  one  motor  cir- 
cuit would  also  cause  the  fuses  in  the 
other  motor  circuit  to  blow.  If  the  mo- 
tors did  not  have  the  same  speed 
torque  characteristics  they  would  not 
divide  the  load  equally.         j.s.   &   t.w. 

1897 — Locating  Grounded  Coil— What 
is  the  quickest  method  of  locating  a 
grounded  coil  in  a  three-phase,  60 
cycle,  550  volt,  one  circuit  or  two  cir- 
cuit star  or  delta  connected  windings? 
I  now  open  the  w-indings  at  the  neu- 
tral point  and  locate  the  grounded 
phase  and  open  this  circuit  at  points 
until  the  grounded  series  is  located 
then  cut  out  the  grounded  coil.  This 
method  takes  considerable  time  which 
I  would  like  to  cut  down  if  there  is 
a  quicker  method,  as  often  a  whole 
department  is  tied  up  pending  these 
repairs.  e.w.b.    (ont.) 

An  excellent  method  is  to  apply  a 
voltage  between  the  windings  and  core 
at  as  low  a  value  as  will  show  the 
grounded  condition  and  watch  for  the 
spark.  If  the  voltage  is  kept  on,  the 
point  where  it  is  grounded  will  smoke 
and  can  easily  be  found.  c.w.k. 

i8(;8 — Testing  Transformer — \V  here 
1 10  volts,  30  cycles  is  not  obtainable, 
will  220  volts,  60  cycles  have  the  same 
result,  or  is  the  latter  too  severe  for 
testing  transformers,  no-voltage  coils, 
etc?  B.C.   (que.) 

We  assume  that  this  question  refers 
to  the  feasibility  of  using  a  testing 
transformer  having  a  low  voltage  wind- 
ing rated  at  no  volts,  30  cycles,  on  a 
220  volt,  60  cycle  circuit.  N'o  difficulty 
would  he  experienced  in  applying 
double  voltage  at  double  frequency,  but 
the  high-voltage  winding  might  be  en- 
dangered hy  being  subjected  to  this  200 
percent  voltage  and.  of  course,  the 
tester  would  need  to  bear  in  mind  that 
he  would  obtain  twice  the  volta"2;e 
marked  on  the  high  side  of  his  trans- 
former. If  the  low- voltage  winding  is 
now  paralleled  for  no  volts,  it  could  be 
reconnected  with  the  two  halves  in 
series  and  used  at  normal  rating  on  the 
high-voltage  end.  The  double  frequency 
should  be  satisfactory  for  break-down 
tests  on  transformers,  no-voltagc  coils, 
etc.  Should  the  question  refer  to  using 
220  volts,  60  cycles  instead  of  no  volts, 
30  cycles  for  testing  the  ratio  of  trans- 
formers and  continuity  of  circuit  in  no- 
voltage  release  coils,  etc..  this  would 
also  be  satisfactory,  provided  the  tester 
is  not  concerned  with  magnetizing 
values.  w.T.H. 


CORRECTION 

The  following  subtitle  was  inadvert- 
ently omitted  from  Fig.  9,  page  238  )f 
this  issue. 

Regeneration  change-over  contacts 
41-.^  to  n  are  closed  in  motoring  only. 
Regeneration  change-over  contacts  4T-F 
to  H  arc  closed  in  regeneration  only. 
Reverser  contacts  36-A-C-E-G-I-K-M-O 
are  closed  for  forward  movement  from 
No.  I  End.  Reverser  contacts  36-B-D-F- 
H-J-L-N-P  are  closed  for  reverse  move- 
ment from  No.  i  End. 
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Battery  Charging 
Rheostats 


Type  UR  110 

is  rated  at  10  amperes  maximum,  i  ampere 
minimum.  Size,  14"  x  14"  x  4".  Weight, 
35  lbs.  boxed.  Will  take  care  of  any  number 
of  batteries  from  one  up  to  the  maximum 
which  can  be  charged  from  the  line  supply. 


Type  UR   115 

Charging  rate  15  amperes  tapers  to  ih 
amperes.  Size  14  in.  x  18  in.  x  5  in, 
W^eighs  approximately  35  lbs. 

All  Ward  Leonard  Rheostats  are  made  on  cast  iron 
bases  with  Vitrohm,  vitreous  enamelled  insulation, 
which  insures  permanent  value — permits  of  highest 
ohms  in  given  space — and  with  maximum  heat  dissi- 
pating capacity. 

We  make  battery  charging  rheostats  in  a  great  v^ariety 
of  sizes — for  independent  or  switchboard  mounting 
with  or  without  meters  and  other  accessories.  Stand- 
ard sizes  and  types  shipped  from  stock.  Ask  for 
details. 


Walter  W.  GaskUl,  Boston 
Wm.  Miller  Tompkins,    Philadelphi: 
Sperry  &  Bittner.  Pittsburgh 
Walter  P.  Ambos  Co..   Clevelaud 


Ward  Leonard|/*}*ectric  Company 


Westburg   Euginecriug   Co.,    Chicago 
Electrical    Specialties    Co..    Detroit 
Electric  Material  Co.,  San  Francisco 
Lsrman  C.  Reed.  New  Orleans 
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NATIONAL  SAFETY  SECTION 


SHOP  LIGHTING 


Blindfold  even  the  most  skilled  me- 
chanic and  he  is  helpless.  Any  piece  of 
work  which  he  attempted  to  do  would 
be  spoiled  and  he  would  be  liable  to 
injure  himself  or  some  other  workman. 

Workmen  in  a  poorly  lighted  factory 
are,  in  effect,  partially  blindfolded,  the 
process  of  manufacturing  goes  on,  but 
certainly  not  as  efficiently  as  if  adequate 
light  were  provided.  Yet  many  manu- 
facturers who  supply  their  employees 
with  the  best  of  tools  and  equipment  fail 
to  consider  the  importance  of  the 
worker's  eyes  and  the  handicap  of  poor 
lighting.  The  efficiency  of  the  workman 
determines  the  efficiency  of  the  machine. 
Adequate  illumination  is  an  essential 
factor  in  securing  high  efficiency  of  the 
workman.  Inadequate  and  improper 
illumination  increases  the  probability  of 
accidents.  A  careful  analysis  of  91000 
accidents  showed  that  about  twenty- four 
percent  were  due  wholly  or  in  part  to 
poor  lighting. 

Natural  Light  —  Adequate  daylight 
illumination,  properly  applied,  is  the 
ideal  light  for  the  eyes.  Light  from 
above  is  generally  better  than  light  from 
side  windows  only.  Skj'lights  and 
monitor  windows  should,  therefore,  be 
provided  wherever  possible.  Large 
window  areas,  equipped  when  necessary 
with  awnings,  window  shades  or  blinds, 
and  diffusive  or  refractive  glass,  together 
with  light  interiors,  are  desirable  in 
every  work  place. 

Arrangement  of  Work  Benches  and 
Machines — Machines  and  work  benches 
should  be  placed  to  secure  the  best  light 
available.  Benches  at  right  angles  to 
wall  will  often  be  found  to  improve  con- 
ditions. Close  machine  work  and  bench 
work  should  be  placed  nearest  the 
windows  and  the  coarser  work  in  center 
of  room.  Machines  should  be  so  placed 
that  the  light  reaches  the  workman  from 
the  side  and  falls  naturally  on  the  work, 
and  that  operators,  benches,  and  machine 
interfere  as  little  as  possible  with  the 
proper  distribution  of  light  to  others 
further  from  the  windows.  Lighting  is 
improved  by  the  removal  of  overhead 
belting. 

Artificial  /-ifirA/— Artificial  light  is  re- 
quired in  factories  and  shops  on  an 
average,  about  20  percent  of  the  total 
working  hours,  not  including  overtime 
or  night  work.  Where  night  work  is 
carried  on,  the  artificial  lighting  problem 
must,  of  course,  receive  particularly 
careful  consideration.  The  development 
of  new  and  improved  types  of  lights,  in 
many  sizes,  makes  it  possible  to  secure 
satisfactory  and  adequate  illumination  in 
any  industry  and  under  varying  condi- 
tions. 

Requirements— (■a')  Sufficient  illumina- 
tion at  the  work  for  each  man  in  the 
shon. 

fb)  All  lighting  equipment  selected 
and  installed  with  a  view  to  avoiding 
eye-strain. 

fr)  Larnns  so  placed  that  sharp 
shadows  will  he  avoided. 

(d)  The  overhead  svstcm  of  lighting 
emploved  whenever  nnssible.  thereby 
avoiding  the  use  of  individual  lamps  ex- 
cept for  snecia!  cases. 

fe"!    When    individual   lamps   must   be 


used,  they  should  be  provided  with  suit- 
able opaque  reflectors. 

(f)  The  type,  size  and  spacing  of 
lamps  and  reflectors  should  be  deter- 
mined with  special  reference  to  the  ceil- 
ing height  and  class  of  work  in  question. 
Systems — In  the  direct  lighting  system, 
which  is  most  commonly  employed,  the 
light  from  the  lamp  shines  directly  on 
the  object  to  be  illuminated.  Reflectors 
or  enclosing  globes  are  used  to  improve 
the  light  distribution,  and  to  diffuse  the 
direct  rays  from  the  lamp. 

In  indirect  lighting,  the  work  is  illu- 
minated by  light  reflected  from  the  ceil- 
ing and  walls.  The  glare  from  the  lamp 
is  avoided,  the  reflected  glare  from 
glossy  surfaces  is  reduced  and  shadows 
are  greatly  softened.  Indirect  lighting 
is  the  nearest  approach  to  daylight. 

Semi-indirect  lighting  combines  the 
features  of  direct  and  indirect  lighting 
systems.  An  opal  glass  bowl  is  used 
below  the  unit  and  permits  a  part  of  the 
direct  light  to  pass  through,  while  other 
rays  are  reflected  to  the  ceiling  and 
walls. 

Local  lighting  alone  should  never  be 
used,  except  for  a  few  special  operations. 
A  moderate  degree  of  general  lighting 
from  overhead  lamps  should  be  supplied 
even  if  local  illumination  is  necessary  at 
the  machines;  but  whenever  possible  a 
system  of  general  illumination  only 
should  be  used,  as  this  gives  the  most 
satisfactory  results. 

iMtnps— The  lamps  best  suited  to  in- 
dustrial use  include  the  incandescent 
lamps  of  the  mill-type  tungsten,  vacuum 
tungsten,  and  gas-filled  tungsten  types; 
the  mercury  vapor  lamp ;  and  various 
types  of  gas  mantle  lamps. 

Carbon  filament  /am/'.r— Incandescent 
lamps  with  carbon  filaments  are  strong 
and  durable  and,  because  of  their  ability 
to  withstand  jar  and  vibration,  are  suit- 
able for  portable  service,  such  as  for 
boiler  repairmen.  They  operate  at  from 
3-75  to  5  watts  per  spherical  candle- 
power. 

Mill-type  tungsten  lamps  of  special 
construction  to  withstand  jar  and  vibra- 
tion have  recently  been  made  available. 
These  lamps  are  made  in  25  and  50  watt 
sizes  and  operate  at  efficiencies  of  1.4  f.i 
1.5  watts  per  spherical  candle-power. 

Vacuutn  twigstcn  lamps  may  be  ob- 
tained in  sizes  from  10  to  250  watts, 
and  operate  at  efficiencies  of  1.6  to  1.2 
watts  per  spherical  candle-power.  In 
sizes  up  to  50  watts  they  are  preferable 
for  local  lighting. 

Gas-filled  tungsten  lamps  are  made  in 
sizes  from  75  to  1000  watts.  Their 
efficiency  varies  with  the  size  of  the 
lamp,  from  one  watt  per  spherical 
candle-power  for  small  sizes  to  0.7  for 
the  large  sizes. 

Mercury-vapor  lamps  are  often  used 
in  such  industries  as  metal  working 
plants,  textile  mills  and  printing  estab- 
lishments. Because  the  luminous  surface 
is  large  (a  long  tube  about  one  inch  in 
diameter)  the  brightness  is  low  and  less 
care  in  shading  is  required  than  with 
other  lamps.  The  mercun,-  vapor  lamp 
is  supplied  by  only  one  manufacturer, 
who  designs  each  installation  of  his 
product.  Data  on  the  use  of  these 
lamps  is,  therefore,  not  included  in  this 
article. 


Gas  lighting  has  formerly  been  handi- 
capped by  lack  of  adaptability,  difficulty 
of  maintenance  and  poor  planning.  Re- 
cent developments  in  efficient  mantle 
gas  units,  equipped  with  well  designed 
reflectors,  are  worthy  of  consideration. 

Reflectors — About  two-thirds  of  the 
light  from  a  bare  incandescent  lamp 
goes  horizontally  or  upward  and  is  use- 
less for  direct  lighting.  With  a  flat 
cone  reflector  about  one-third  of  the 
light  goes  horizontally  and  is  wasted. 
An  efficient  reflector  reduces  the  glare 
caused  by  looking  at  a  bare  lamp,  and 
redirects  the  greater  portion  of  the  light 
onto  the  work.  Reflectors,  both  metal 
and  glass,  are  now  obtainable  for  all 
sizes  and  types  of  lamps.  For  a  certain 
ratio  between  the  spacing  and  the  height 
of  the  lamps,  a  reflector  can  nearly 
always  be  selected  which  will  furnish 
uniform  illumination  over  the  working 
plane.  For  industrial  lighting  five  dis- 
tinct types  of  reflectors  are  here  con- 
sidered. Their  relative  advantages  and 
disadvantages  are  shown  in  the  table 
below. 

Illumination  intensity  is  expressed  in 
foot-candles.  One  foot-candle  is  the 
intensity  of  illumination  produced  on  a 
surface  one  foot  distant  from  a  lamp 
of  one  candle-power,  the  surface  being 
at  a  right  angle  to  the  light  rays. 
Different  industries,  and  different  opera- 
tions in  the  same  industry,  require  var>-- 
ing  intensities  of  illumination.  The 
useful  light  is  that  which  is  reflected 
from  the  object  viewed.  The  brightness 
of  the  object  then  is  the  vital  factor, 
and  this  depends  not  only  on  the  light 
received,  but  upon  the  reflecting  power 
of  the  object.  Materials  vary  greatly  in 
reflective  power;  white  surfaces  reflect 
as  high  as  80  percent  of  the  light,  while 
black  surfaces  reflect  less  than  five  per- 
cent. It  is,  therefore,  important  to  con- 
sider the  average  reflecting  power  of 
the  materials  worked  upon,  as  well  as 
the  nature  of  the  work,  whether  rough 
or  fine.  The  following  table  is  in  line 
with  the  recommendations  of  state  labor 
departments  and  the  Ilhuninating  En- 
gineering Society.  The  lower  intensities 
given  are  considered  sufficient  for  safetv, 
but  the  higher  values  are  recommended 
from  the  standpoint  of  efficient  pro- 
duction. 


WHAT  THE  NATIONAL  SAFETY 
COUNCIL  IS 
The  National  Safety  Council,  168 
North  Michigan  Avenue,  Chicago,  III., 
is  now  the  leading  organization  in  the 
United  States  for  the  prevention  of  acci- 
dents in  the  industries,  the  streets  and 
the  homes.  It  includes  in  its  member- 
ship more  than  15000  factories,  rail- 
roads, insurance  companies,  technical 
schools,  governmental  agencies,  etc.. 
employing  an  aggregate  of  more  than 
6000000  workers.  Its  income  is  derived 
solely  from  membership  dues.  It  does 
its  work  without  asking  for  profit.  It 
is  co-operative,  non-political,  non-com- 
mercial. Practically  all  the  industrial 
concerns,  railroads  and  other  public 
utilities,  both  large  and  small,  which 
have  obtained  the  best  results  in  accident 
prevention  are  members  of  the  National 
Safetv  Council. 
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You  Cannot  Buy  It 

You  cannot  buy  the  accident  prevention  service  of  the 
National  Safety  Council.  As  a  member  you  automatically 
acquire  all  of  the  Council's  thoroughly  organized  weekly  ser- 
vice. And  its  accumulation  of  data  and  statistics,  its  mag- 
nificent experience,  is  yours  to  use  at  will — in  facilitating  the 
safety  effort  of  your  plant. 

The  National  Safety  Council  was  organized  as  a  co-opera- 
tive association  with  the  sole  object  of  assisting  member  plants 
to  prevent  accidents.  The  National  Safety  Council  today, 
while  greatly  increased  in  size,  is  still  operating  as  a  purely 
co-operative,  non-profit-making  association  with  the  same 
objective — accident  prevention — as  its  goal. 

It  has  forced  recognition  as  the  headquarters  of  safety 
activity  in  America  through  its  achievements — ^which  stand 
as  mile-posts  in  the  history  of  accident  prevention. 

What  its  service  has  helped  others  to  accomplish,  it  can 
help  you  to  accomplish.  Write  the  business  division  for 
details  today. 

National  Safety  Council 

Co-operative  Non- commercial 

168  N.  Michigan  Avenue,  (Ilhicago,  Illinois 
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PERSON.^LS 


Gen.  Guy  1£.  Tripp,  chairmmi  of  the 
board  of  directors  of  the  VVcstinghousc 
lilcctric  &  Mfg.  Company,  has  been 
elected  a  director  of  the  American 
VV'alcr  Works  &  Electric  Company  of 
New  York. 

Dr.  F.  Q.  Cottrell,  chief  metallurgist, 
Bureau  of  Mines,  has  been  appointed  to 
succeed  Dr.  V.  H.  Manning  as  director 
of  the  bureau. 

The  Emperor  of  Japan  has  decorated 
with  the  order  of  the  Rising  Sun,  Mr. 
E.  M.  1-Ierr  of  Pittsburgh,  president  of 
the  Wistinghousc  Electric  &  Mfg. 
Company  and  Mr.  L.  A.  Osborne  of 
New  York,  president  of  the  Westing- 
house  Electric  International  Company, 
who  have  been  spending  several  months 
in  Japan  studying  oriental  industrial 
conditions. 


Mr.  W.  S.  Finlay,  Jr.,  superintendent 
of  motive  power  of  the  Interborough 
Rapid  Transit  Company,  has  resigned 
to  accept  the  position  of  vice-president 
of  the  American  Water  Works  &  Elec- 
tric Company  of  New  York. 


Mr.  C.  D.  LaMoree,  manager  of  the 
supply  division  of  the  Los  Angeles  dis- 
trict office  of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  resigned  to  go 
into  business  in  the  newly  formed 
concern,  LaMoree  &  Clapp,  Inc. 

Mr.  John  C.  Jones,  manager  of  the 
Salt  Lake  City  office,  has  been  trans- 
ferred to  the  Los  Angeles  office  as 
manager  of  their  supply  department. 

Mr.  Wilfred  Sykes,  general  engineer 
on  steel  mill  and  marine  work  for  the 
Westinghouse  Electric  &  Mfg.  Co.,  has 
resigned  to  enter  the  employ  of  the 
Steel  &  Tube  Co.  (formerly  Mark  Mfg. 
Co.)  of  Chicago. 

Mr.  Myles  B.  Lambert,  recently  ap- 
pointed manager  in  charge  of  the  rail- 
way sales  department  of  the  Westing- 
house Electric  &  Mfg.  Company,  has 
announced  the  following  appointments: 
Mr.  W.  R.  Stincmetz  has  been  appointed 
manager  of  the  heavy  traction  section, 
including  the  Westinghouse  Electric 
International  and  the  Canadian  West- 
inghouse Company,  Ltd.;  Mr.  E.  D. 
Lynch  has  been  appointed  manager  of 
the  light  traction  equipment  section ;  Mr. 
J.  L.  Crouse  has  been  appointed  man- 
ager of  the  railway  apparatus  develop- 
ment and  supply  section  and  Mr.  K.  A. 
Simmon  has  been  appointed  manager  of 
the  safety  car  and  foreign  railway  equip- 
ment section. 

Mr.  B.  W.  Stemmerich  of  the  railway 
eciuipmcnt  section  of  the  Westinghouse 
Electric  &  Mfg.  Company  at  East  Pitts- 
burgh, has  been  transferred  to  the  St. 
Louis  District  office  where  he  will  l)e  <n 
charge  of  the  safety  car  division. 

Mr.  Paul  Kircher,  resident  manager 
of  the  Masscy  Concrete  Products  Cor- 
poration for  the  New  York  district,  has 
been  made  resident  manager  of  the 
Chicago  office  in  charge  of  sales  of  re- 
inforced concrete  poles  which  this  Com- 
pany manufactures,  by  the  centrifugal 
process. 


Mr.  Win.  11.  Boyce,  who  has  been 
superintendent  of  the  Heaver  Valley 
Traction  Company  and  the  Pittsburgh  & 
Beaver  Street  Railway  Company  since 
1909,  has  been  appointed  general  man- 
ager of  both  these  properties  and  will 
maintain  offices  in  both  New  Brighton 
and  Beaver  Falls. 

Mr.  PI.  C.  Soule  of  the  transformer 
engineering  department  of  the  Westing- 
house Electric  &  Mfg.  Company  at  East 
Pgh.,  has  been  appointed  manager  of 
the  .Apparatus  Department  of  the  West- 
inghouse International  Company  with 
headquarters  at  East  Pittsburgh. 

Mr.  H.  F.  Griffith,  formerly  of  the 
export  department  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been  ap- 
pointed assistant  to  general  manager  of 
the  Westinghouse  Electric  International 
Company  whom  he  will  represent  at 
East  Pgh.  works. 


NEW  N.  E.  L.  A.  OFFICERS 


At  the  Pasadena  convention  of  the 
.National  Electric  Light  Association  the 
following  officers  were  elected  for  the 
ensuing  year: — 

President — Martin  J.  Insull,  Middle 
West  Utilities  Co.,  Chicago;  1st  vice- 
president — M.  R.  Bump,  Chief  Engineer. 
H.  L.  Doherty  &  Co.,  New  York;  2nd 
vice-president — Frank  S.  Smith ;  3rd 
vice-president — Walter  H.  Johnson, 
Philadelphia  Electric  Co.;  4th  vice-presi- 
dent—F.  T.  Griffith,  Portland  Electric 
Light  &  Railway  Co. ;  treasurer — H.  C. 
.'\bell,  American  Light  &  Power  Com- 
pany, New  York. 

The  executive  committee  is  composed 
(if  the  following: — E.  M.  Herr,  West- 
inghouse Electric  &  Mfg.  Company, 
Pittsburgh ;  Paul  Spencer,  United  Gas 
Improvement  Co.,  Philadelphia ;  E.  W. 
Rice,  Genera!  Electric  Company,  Schen- 
ectadv ;  R.  H.  Ballard.  Los  Angeles, 
California;  W.  H.  .'Vtkins,  Boston 
Edison  Company;  E.  W.  Loyd,  Com- 
monwealth Edison  Co. ;  P.  H.  Mc- 
Dougall,  Toronto  Electric  Light  Co. ; 
R.  B.  Layman,  Wagner  Electric  Mfg. 
Co..  St.  Louis,  Mo. 

The  committee  on  membership  report 
■\  total  of  considerably  over  to  000 
members. 


A.  I.  E.  E.  ELECTION 

At  the  annual  business  meeting  of  the 
.^merican  Institute  of  Electrical  En- 
gineers, May  21  ?t,  the  following  officers 
were  declared  elected  for  the  year  be- 
prinning  .August  1st,  1020: — 
Preside  III : 

A.  W.  Berresford,  Milwaukee 
.'  'icc-Prcsidenls : 

E.  H.  Martindale,  Cleveland. 

Charles  Robbins,  Pittsburgh. 

Charles  S.  Ruffner,  New  York. 

C.  E.  ^Fagmisson,  Seattle. 

C.  S.  McDowell,  U.  S.  Navy. 

L.  T.  Robinson,  Schenectady. 
Maiiapcrs : 

E.  B.  Craft.  New  York. 
Harold  B.  Smith,  Worcester. 
James   F.  Lincoln,   Cleveland 

Scc'clary : 

F.  L.  Hutchinson,  New  York 
Trrasiiri'r: 

George  A.  Hamilton,  Elizabeth,  N.   T. 

(re-elected') 
The  above,  together  with  the  follow- 
ing hold-over  officer,  will  constitute  the 


Board  of  Directors  for  the  next  admini- 
strative year: — Calvert  Tow  nicy,  New 
York;  Comfort  A.  Adams,  New  York; 
Walter  A.  Hall,  Atlantic,  Mass.; 
William  A.  Del  Mar,  New  York; 
Wilfred  Sykes,  Pittsburgh;  Walter  I. 
Slichter,  New  York;  G.  Faccoili.  Pitts- 
tield;  Frank  D.  Newbury,  Pittsburgh; 
L.  F..  Imlay,  Niagara  Falls ;  F.  F.  Fowie, 
Chicago;  L.  F.  Morehouse,  New  York. 


NEW  BOOKS 


"Electrical    Power   Transmission"   — Al- 
fred     Still.     403      pages,      illustrated. 
Published  by  McGraw-Hill   Book  Co. 
For     sale    by    the     Electric    Journal, 
Pittsburgh,    Pa.    Price  $3.00. 
This    is    the    second    edition    of    this 
work  originally  published  in  1913  under 
the     title     "Overhead     Electric     Power 
Transmission."     It    is    primarily    a    text 
book     for     engineering     schools.     The 
principle  addition  is  a  chapter  on  under- 
ground conductors.     While  some  of  the 
material  in  the  first  edition  has  been  en- 
tirely   omitted,    the    chapter    describing 
the  Thury  system  of  transmission  is  re- 
tained for  general  information  although 
.American   engineers   have   made   no   use 
of     this     system.     The     discussion     on 
transmission    line    supports    brings    to- 
gether some  information  which  has  not 
been   generally   available   in   book    form 
and     includes     discussions     on     flexible 
tower   lines. 

The  chapters  on  "Economic  Prin- 
ciples" and  on  "Mechanical  Principles 
and  Calculations"  are  especially  valu- 
able. Prof.  Stills  book  has  always  been 
considered  one  of  the  leading  textbooks 
on  this  general  subject,  and  the  revised 
edition  fully  maintains  its  previous 
reputation. 

"How  to  sell  Electrical  Labor  Savings 
Appliances" — 115  pages,  size  5x7% 
inches,  illustrated.  Published  by  Mc- 
Graw-Hill Book  Co.,  New  York  City. 
Price,  $1.00. 

This  book  presents  IIQ  plans  for  mak- 
ing sales  in  electrical  stores,  covering 
window  displays,  show  cases,  shelves 
and  tables,  arrangement  of  stock,  ad- 
vertising, tncthods  of  securing  prospects 
and  making  demonstrations,  how  to 
train  clerks  and  plan  sales,  also  methods 
of  management.  These  plans  are  based 
on  actual  experience  and  in  many  cases 
the  concerns  having  had  the  experience 
with  a  given  plan  are  indicated. 

"Oil  Engines" — Lacey  H.  Morrison.  472 
pages,  357  illustrations.  Published  by 
McGraw-Hill  Book  Co.,  Price  $2.00. 
This  book  is  primarily  for  operating 
men  and  contains  descriptions  and  in- 
structions regarding  the  various  forms 
of  oil  engines  available  as  well  as  the 
various  forms  of  fuel  being  used  by 
internal  combustion  engines.  An  intro- 
ductory chapter  is  given  on  the  history 
of  gas  engines,  followed  by  one  on 
the  Diesel  type  engine  with  descriptions 
ot  the  various  forms  of  .\merican  en- 
gines built  on  the  Diesel  principle. 
Chapters  are  also  given  on  installation, 
main  bearings,  connection  rods,  pistons, 
piston  pins,  cylinders,  cylinder  heads, 
valves  fuel  pumps  and  governors. 
Various  methods  of  cooling  and  systems 
of  lubrication  are  described  and  the 
final  chapters  are  devoted  to  such  items 
as  fuel  consumption  and  operating  de- 
tails.— 
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NEW  BOOKS 


TRADE  NOTES 


"Principle!;  of  Government  Purchasing" 
— A.   G.   Thomas.     270  pages,   6  by  9 
inches.     Pubhshed  by   D.   Appleton  & 
Company.     For   sale   by   The   Electric 
Journal.     Price,  $2.25. 
This    volume    is    one    of    a    series    of 
studies    of    different    branches    of    ad- 
ministration,   fostered    by    the    Institute 
for  Government  Research.  The  Govern- 
ment makes  its  purchasing  under  strict 
specifications     and     must     comply    with 
particularly     formal    procedure    in     the 
placing  of   contracts   and    in   their   final 
approval   and   payment.     The   many   re- 
quirements   underlying    the    entire    sub- 
ject    are     extensively     treated     by     the 
author;      such     as      restrictions     under 
which  contracts  may  be  made  determin- 
ing   quantities,    market    prices,    sources 
of  supplv,  developing  specifications  and 
carrying  through  to  final  inspection  for 
payment.  e.d.d. 

"Selling  Your  Services"— Geo.  Conovcr 
Pearson.  237  pages.  Published  bv 
Jordan-Goodwin  Corp.,  Tefferson 
Bank  Bldg.,  New  York,  N.  Y.  Price 
$2.00  prepaid. 

Knowing  that  the  fundamental  prin- 
ciples that  are  efifective  in  selling  any 
product  apply  also  to  selling  a  man's 
services,  Mr.  Pearson  has  given,  in 
simple  and  useful  form,  plans  for  con- 
ducting a  resultful  campaign  for  selling 
one's  own  service.  The  book  is  filled 
with  practical  examples  of  letters,  ad- 
vertisement and  telegrams.  One  point 
brought  out  is  that  a  man  should  con- 
sider the  securing  of  a  new  position  a^ 
his  job  and  should  have  regular  hours 
and  devote  his  time  to  this  work  ju>t 
as  though  he  was  regularly  employed  by 
some  corpcpration  in  selling  its  product. 
The  book  is  presented  in  a  form  which 
will  be  interesting  even  to  those  who 
may  not  be  in  immediate  need  of  it  a-; 
a  means  of  securing  a  position. 

"Electric  Lighting"— O.  J.  Ferguson. 
243  pages,  104  illustrations.  Published 
by  McGraw-Hill  Book  Company.  For 
Sale  bv  The  Electric  Tournal.  Price 
$2.50. 

The  aim  of  the  author  in  this  case  i.; 
a  textbook  covering  this  subject  in  a 
well-balanced  form  through  the  presen- 
tation of  fundamentals,  with  practical 
applications  as  thought  desirable.  The 
result,  while  suitable  for  the  use  of 
young  students,  is  not  so  satisfactory 
for  the  older  searcher  after  information 
on  this  subject,  as  naturally  it  is  im- 
possible to  go  very  deeply  into  any 
particular  phase  of  the  subject.  A  good 
chapter  is  given  on  illumination  calcula- 
tions. 


"A  Calender  of  Leading  Experiments' 
— W.  S.  Franklin  and  Barry  Mac- 
Nutt.  210  pages,  107  illustrations, 
published  by  Franklin.  MacNutt  & 
Charles.  South  Bethlehem,  Pa- 
Price  $2.50. 

From  beginning  to  end  this  book  is 
filled  with  semi-humerous  reflections 
on  the  problems  of  the  teacher  of 
physics.  Numerous    experiments    are 

given  under  the  headings  Mechanics, 
Heat.  Electricity  and  Magnetism.  Light, 
Sound  and  a  Simple  Treatise  on  Dy- 
namics of  Wave  Motion.  An  Appen- 
dix is  included  on  a  \'isitor's  Labora- 
tory of  Physics. 


The  Electric  Storage  Battery  Com- 
jiany  have  announced  the  removal  of 
their  Cleveland  oflice  to  Chester  Avenue 
and  East  24th  St.,  where  they  will  have 
the  entire  second  floor  of  the  "Exidc  " 
Batterv  Service  Station. 


The  H.  B.  Sherman  Mfg.  Company  o.' 
Ijattle  Creek,  Michigan,  issue  their 
bulletins  in  convenient  loose  leaf  .form 
with  an  attractive  binder.  This  firm 
makes  a  large  variety  of  terminals  and 
ciinnectors  for  electrical  work,  including 
fuse  clips,  soldering  lugs,  etc.  They 
also  have  a  Sherman  ground  clamp, 
approved  by  the  Underwriters.  Their 
various  devices  are  made  in  numerous 
sizes  and  those  interested  in  electrical 
construction  work  should  have  their 
loose  leaf  catalogue  on  "Electrical 
Goods",  available.  Copies  will  lie  sent 
on  request. 

The  Delta-Star  Electric  Company. 
2433  Fulton  Street,  Chicago,  are  dis- 
tributing their  special  publication  No. 
03  illustrating  unit-type  outdoor  higii 
tension  substations  for  industrial  serv- 
ice. Copies  of  this  publication  will  lie 
sent  upon  request. 


The  Bates  Expanded  Steel  Truss 
Company  of  Chicago,  Illinois,  designers 
and  manufacturers  of  the  Bates  One 
Piece  Steel  Pole,  have  just  published  a 
12S  page  1921  Edition  of  their  Steel 
Pole  Treatise.  This  treatise  is  a 
compact  engineering  handbook  of  in- 
estimable value  to  engineers  and  poU- 
users  of  the  world.  It  contains  accurarr 
information  necessary  to  the  economical 
construction  of  modern  transmission 
lines,  electric  railway  lines,  street  light- 
ing systems  and  outdoor  substation^. 
The  information  includes  a  discussion 
of  the  engineering  principles  governini; 
the  design,  selection  and  installation  of 
all  types  of  poles,  a  complete  analysis  of 
the  elements  governing  the  selection  of 
factors  of  safety,  a  comparison  of  the 
length  of  life,  economy  and  durabilit\ 
of  Bates  one  piece  poles  with  all  other 
txpes  of  poles,  and  complete  engineerini.T 
tables.  These  tables  include  wire  sags 
for  all  temperatures  and  spans,  the  con- 
ductor sizes  required  to  transmit  electric 
power  various  distances  at  any  pha^e. 
voltage,  frequency  and  power  factor,  th  ■ 
transverse  loads  at  various  wind  veloci- 
ties, the  clearances  to  determine  th'- 
height  of  a  pole,  physical  properties  of 
wires  and  cables,  and  many  usetul 
formulae  and  example  problems  illu 
^tniting  the  use  of  the  tabulated  in- 
I'ormatioii  in  the  solution  of  all  poll- 
line  problem.  This  edition  is  the  mo<» 
'■omolete  and  accurate  steel  pole  hand- 
book ever  issued,  and  is  an  authority 
\ipon  nole  line  construction.  It  will  b" 
sent   free  to  all  those  requesting  a  copy. 


The  Electric  Storage  Batterv  Com- 
nanv  has  removed  its  New  York  offices 
to  the  National  .Vs^ociation  Bldg.,  at  21 
West  43rd  St.,  where  larger  quarters 
and  more  adequate  facilities  are  avail- 
able for  nronerly  caring  for  customer 
needs.  The  former  oflRcc  at  TOO  Broad- 
wav  had  been  occupied  for  approxi- 
matelv  25  years. 


The  Gamewell  Fire 
Alarm  Telegraph  Co. 

General  Offices  and  Iforks 

NEWTON  UPPER  FALLS 

MASS. 

Manufacturers  and  Contractors 
for  57  Years 

Fire  Alarm  and  Police 
Signal  Telegraphs 

Over  5000  plants  installed  in  the 
United  States 

Special  attention  is  paid  to  the  pro. 

tection  of  public  institutions, 

industrial  corporations 

and     railroad 

properties 


GejBiggecPay 

IlECTWCIiy 


through 


r  about  electricity  In  simple 
everyday  language  —  complete, 
concise,  to  the  point.  In  questions 
and  answers.  A  complete  standard 
course  in  Llectrical  Knglneerlng. 
Send  for  your  set  today  to  look 


HAWKINS 
ELECTRICAL 
GUIDES 


3500  PAGES 
4700  PICTURES 
POCKET  SIZE 
FLEXIBLE  COVERS 
$1  A  NUMBER 
$1  A  MONTH 

.Maenetbm — Indue 

KspcT 

Eleclric  Machinory— •  loh 

— Armatu: 

mo3 — Electrical  1 


tcrieg — PriDciples  of  .Mternatiae  Currents  aod  Alt. 
— Alternating  Current  Motors  —  Transformers  - —  Con- 
verters— Rectifiers — Alternating  Current  Systems — Cir- 
cuit Breakers — Measurini;  Instruments — Switch  Boatxia 
. — Power  Stations — Installins — Telephone — ^Telocraph — 
Wireless — Bells — Lighting — Raiiw-.-iys  AIho  mapy  mod- 
cm  Practical  Applications  of  Electricity  and  Ready  Ucfer- 
cnec  Index  of  tbo  10  nujibcrs- 

Shipp«d  to  you  FREE,      t^ot  a  cent  to  pa^  until  Tou  see 
the  books.   No  obligation  to  buy  unless  you  are  satisfied. 

Send  coupon  now — today — and  grt  this  great  hi 

onb  SUO  to  you— you  pay  $1.00 
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I  THE  CURB  MflRKET 


BARGAINS  I- 

-STOCK 

SHIPMENT    "''^^^g^"" 

Altamatinf  Currant  Motors 

Alternating  Currant  Motors,  SlipRins 

1      40              675            sh      MP        Northwstrn 

>  rkl»,  It-CrcU,  10°  Ralinl 

3-PhaM,  60-cycle, 

40°  Ralini 

1      40              918            cp      MP        Jenny 
1      60              525            cp      MP        Northern 

New  or 

Nev 

or 

1      55              845            sh      B            Gen.  Elec. 

No 

HP.  RPM.     Volts     used  Type        Make 

No.  HP.  RPM.     Volts     u 

sed  Type        Make 

1      75             800           cp     A-50     Milwaukee 

8    1800   220  or  440   new  AN   Allis    Chal. 

2      30    1800    440                 \ 

sed   HF   Westehse 

1      90            1000            cp     A-50     Milwaukee 

6    1800   220  or  44(1   new            Ideal 

2      30      900   220  or  440 

new  ANY  Allis  Chal. 

1      90            1000            CD      MP        Milwaukee 

18 

6   1200   200  or  440   new            Ideal 

3      50      900    220  or  440 

new  ANY  Allis  Chal. 

1      95              575            cp      MP        Jenny 

IVi    1200  220  or  440   new  AN   Allis    Chal. 

1    100      900    220  or  440 

new  ANY  Allis  Chal. 

1    105              890            cp     DLC-    Gen.  Elec. 

IVz    1800  220  or  440  enw  AN   Allis   Chal. 

2    100      720   220  or  440 

new  ANY  Allis  Chal. 

1    115            1000            cp      DLC      Gen.  Elec. 
1    650              315            sh      MP        Burke 
1   800              315            sh      MP         Burke 

10   1800   220  or  440   new    .»N    Allis   Chal. 

1    160      900   2200 

new  ANY  Allis  Chal. 

10   1200   220  or  440   new  AN    Aliis   Chal. 

1    160      720    220  or  440  I 

ewANY  Allis  Chal. 

10   900      220  or  440   new  AN   Allis    Chal. 
15    1800   220  or  440   new  AN   Allis    Chal. 

1    155      720    440 
1   200      720   2200 

new              Uurke 
aew  ANY  Allis  Chal. 

Direct  Current  Engine  Generator  Set* 

16   1200   220  or  440   new  AN    Allis    Chal. 

Direct  Current  Motors 

250    Volts. 

16      900   220  or  440   new  AN   Allis    Chal. 

230  Vol*" 

1—56     KW.    250    V.    Milwaukee    eenerator. 

16      860    220  or  440    new   AN    Allis    Chal. 

' 

belted   to  Ball    Steam   eneine.   90   HP.    100 

16      860   220               used   CS   Westehse 

No.  HP       EPM.       Wde 

Type     Make 

to    125    lb.    steam    pressure,    complete    with 

20   1800  220  or  440   new  AN   Allis   Chal. 

1          hi.          975            sb 

MP      Peerless 

all    accessories. 

20   1200   220  or  440   new  AN    Allis   Chal. 

2          ^        1000            sh 

B          Akron 

2 — 75   KW.  250  V.  cp.  wd.  290  RPM.  West- 

20      900  220  or  440   new  AN    Allis   Chal. 

1        2V4     700/900        sh 

S           Westghse 

inghouse  generator,  direct  connected  to  126 

26      900   220  or  440   new  AN    Allis    Chal. 

1         3%            975              cp 

B-5      Milwaukee 

HP.  Automatic  Westinghouse  steam  eneine. 

80   1800   220  or  440   new  AN    Allis    Chal. 

1        4             1200             sb 

MP       Christensen 

complete    with    all    accessories. 

80   1200   220  or  440  used  AN    Allis    Chal. 

1        7%     500/1500      sh 

SK       Westghse 

1 — 75    KW.     125/250    V.    3    wire    cp.    wd. 

80   1200   220  or  440   new  AN   Allis    Chal. 

1        7V4         1300             cp 

B-7       Milwaukee 

Western     Electric     generator,     direct     con- 

80     900   220  or  440   new   AN    Allis    Chal. 

1       7%          825            sh 

13        Milwaukee 

nected    to  Ball   Steam   engine.      100   to   125 

80      700    220                 used   BP    Waener 

1        7%           825             cp 

MP      Milwaukee 

lb.  steam  pressure. 

80      900   220  or  440  used  AN    Allis    Chal. 

1        7%           950             cp 

K         Allis  Chal. 

1—75    KW.    250    V.    General    Electric    Gener- 

40  1200   220  or  440   new  AN    Allis    Chal. 

1      10             1180             sh 

S           Westghse 

ator;  Type  MP  230  RPM,   direct  connected 

40   1700  2200            used  CCL    Westehse 

1      10               750             cp 

B-10    Milwaukee 

to  Nash  Gasoline  Engine,  manufactured  by 

40      900   220  or  440   new  AN    Allis    Chal. 

1      13             1750             sh 

SL        C  &  C 

National  Meter  Company,  complete  with  all    = 

60   1200   220  or  440   new  AN    Allis    Chal. 

1      20               800             sh 

MP       Imperial 

piping  tanks  and  accessories.                                = 

60      900   220  or  440   new  AN    Allis    Chal. 

1      20               600             sh 

MP      Wesfn  Elec. 

1 — 80    KW.    250   V.    Gen.    Electric,    cp .    wd .     i 

80      720   220  or  440   new  AN    Allis    Chal 

1      20               600             sh 

MP       Westghse 

Type    DLC    generator,    belted    to    125    HP.     = 

75      900   220  or  440   new  AN   Allis    Chal. 

1      20               650             sh 

MP      Northern 

100  to  125  lb  pressure.  Lord  Howler  Steam    = 

100   1200   2200               new   CS  Westehse 

1      20               650             sh 

MP   .  Milwaukee 

engine,   complete  with  all   accessories.              = 

100     900  220  or  440   new  AN   Allis   Chal. 

1      20               900             sh 

MP       Hnbart 

2—100    KW.     250    V.     cp.     wd.     325    RPM    = 

100      720   220  or  440   new  AN   Allis    Chal. 

1      22             1050             cp 

B-61    Milwaukee 

Northern    Generators,    belted    to    16    x    22    = 

100      690   220  or  440   new  AN    Allis    Chal. 

1      22             1050             cp 

B-15    Milwaukee 

side  crank   non  condensing   125  RPM   Slide    = 

160      900   220  or  440   new  AN    Allis    Chal. 

1      25             1300             sh 

B-15    Milwaukee 

Valve     Single     engine,     manufactured     by    i 

150      720   2200               new  AN    Allis    Chal. 

1      30               975             ah 

MP      G«n.  Elec. 

Houston     Stanwood     &     Gamble,     complete    i 

200    1200   2200               now  AN   Allis  Chal. 

1      30          350/1050      sh 

SK        Westghse 

with  all  accessories  including  belt.                     = 

200      720   220  or  440   new  AN   Allis   Chal. 

1      35             1600             sh 

ENC    Wesfn  Elec. 

1—150  KW.  250  V.  cp.  wd.   8  pole  210  RPM    = 

200     680   440               used  CS   Westehse 

1      40               950             sh 

B-25    Milwaukee 

Goodman    Generator,    direct    connected    to    | 

' 

'AMERICA'S  BARGAIN  HOUSE' 

1 

DUQUESNE   ELE 

CTRIC   &   MANUFACTUI 

HNG   COMPANY                    | 

Office  and  Factory                               NEW 

AND  REBUILT  ELECTRICAL  EQUIPP 

4ENT                                      Cable   Addres.    | 

PITTSBURGH,  PA. 

Write,  Wire  or 

Telephone 

"DEMCO"       1 

„                       1 

Galena  Quality  and  Galena  Service  are  the  factors  that  produce  perfect 

Lubricating  Efficiency 

The  acknowledged  leadersliip  of  Galena  Car,  Kngine,  Valve,  Signal ,  Railway 
Safety  and  Long  Time  Burner  Oils  is  the  result  of  fifty  year's  devotion  to  a 
quality  ideal.  Galena  supremacy  is  due  to  unapproachable  quality  and  ser- 
vice,  combined  with  scientific    knowledge  of   lubrication  in    all  its  phases. 


The  Galena-Signal  Oil  Co., 


New  York,  N.  Y. 


OFFICES— All   the   Principnl   Amer 


WIRES 

and 
CABLES 


WIRES 

and 
CABLES 


Wires  and  Cables 


include  bare  iron,  steel  and  copper  wire,  annunciator  wire,  office  wire,  lamp  cord,  heater  cord,  weatherproof  wire,  rubber  covered 
wire,  lead  encased  telephone  and  power  cables  and  all  other  wires  and  cables  used  for  electrical  purposes.  Wires  are  drawn  from 
c«refully  selected  metals  and  insulated  with  the  best  matecials,  applied  in  a  manner  that  assures  long  and  satisfactory  service. 

JOHN  A.  ROEBLING'S  SONS  CO.,  TRENTON,  NEW  JERSEY 


The  Electric  Journal 


n 


VOL.   XVII 


July.  1920 


NO.  7 


The      desirability      of      international 
International      standardization  should  be  so  evident 
Standardiza-       (q  ^]]  ^i^g^^  j,q  argument  to  this  etfect 
"°"  should    be    necessary.     The    bringing 

about  of  international  standardization  is,  however,  quite 
a  diiiferent  matter,  as  national  standardization  is  in  itself 
difficult  and  the  difficulties  are  increased  when  inter- 
national standardization  is  undertaken. 

These  difficulties  are  due  mainly  to  the  fact  that 
various  local  and  national  standards  and  practices  dif- 
ferent from  each  other  have  grown  up  by  process  of 
evolution,  becoming  so  much  a  pt  rt  of  local  or  national 
business  that  any  modification  or  change  involves  diffi- 
culty and  expense.  As  a  rule,  the  enforcement  of 
standards  which  are  different  from  existing  practices 
causes  confusion  and  expense,  until  the  new  compk-tely 
replace  the  old  standards  and  practices.  Those  having 
to  do  with  either  national  or  international  standardiza- 
tion must  therefore  consider  whether  or  not,  in  the  end, 
the  results  to  be  achieved  will  overbalance  the  temporary 
expense  and  difficulty  due  to  bringing  such  standardiza- 
tion into  actual  practice.  In  the  consideration  of  any 
particular  standard,  this  requires  the  looking  ahead  for 
a  number  of  years  and  the  making  of  such  compromises 
CF  will  ultimately  result  in  the  most  benefit. 

In  international  standardization,  it  is  therefore  de- 
sirable to  deal  with  fundamental  principles,  so  far  as 
possible,  and  to  leave  details  to  be  worked  out  by  the 
various  countries  which  take  part  in  such  standardiza- 
tion. It  was  along  this  line  that  the  Rating  Committee 
of  the  International  Electro-technical  Commission  at- 
tempted to  work  in  the  meeting  held  in  Brussels.  Bel- 
gium, the  latter  part  of  March  of  this  year.  This  meet- 
ing was  attended  by  representatives  of  nine  different 
countries,  the  United  States  being  represented  by  five 
delegates.  Agreements  of  very  considerable  iniDort- 
ance  were  arrived  at,  particularly  with  regard  to  the 
basis  of  temperature  ratings  of  electrical  machines. 
Good  progress  was  also  made  in  connection  with  the 
standardization  of  symbols  and  nomenclature,  and  in 
regard  to  standard  voltages  for  transmission  lines.  The 
actual  details  and  results  will  appear  shortly  in  a  publi- 
I  cation  to  be  issued  by  the  General  Secretary  of  the  In- 
ternational Electrotechnicai  Commission,  28  Victoria 
.Street,  Westminister,  S.  W.  i,  London.  The  place  of 
the  next  plenary  meeting  was  not  fully  decided  but  it 
will  probably  be  held  late  this  fall  either  in  Paris  or 
New  York.  Those  who  were  privileged  to  attend  the 
meeting  in  Brussels  can  testify  to  the  value  of  the  work 
so  far  accomplished  and  one  and  all  can  join  in  express- 
ing appreciation  to  the  Belgian  National  Committee  for 
the  various  arrangements  made  for  the  comfort  and 
entertainment  of  the  delegates.  C.  E.  Skinner 


The    need    of    appliance    outlets    in 
Appliance         American      homes     cannot   .  be    too 
Uutlets  strongly  emphasized.     The  maximum 

use  of  labor  saving  devices,  electric  cooking  utensils, 
decorative  lamps  and  other  current  using  devices  can- 
rot  be  obtained  unless  their  use  is  made  convenient, 
v.hich  is  only  possible  through  the  liberal  installation  of 
fioor  or  wall  sockets.  While  this  is  generally  recog- 
nized as  desirable,  the  idea  should  be  emphasized  in 
every  way  possible  until  the  appliance  outlet  becomes  as 
common  as  the  ceiling  outlet. 

The  central  station  cannot  urge  such  a  campaign 
too  strongly,  while  their  rates  penalize  those  installing 
numerous  outlets.  It  is  obviously  inconsistent  to  urge 
the  installation  of  extra  appliance  sockets,  and  then 
place  a  tax  on  the  installation  of  such  sockets  by  an  ill- 
advised  form  of  maximum  demand  rate.  The  demand 
feature  is  logical  and  desirable  if  properly  adjusted. 
Where  the  installation  of  a  demand  meter  is  imprac- 
ticable there  are  various  ways  of  estimating  demand 
which  are  effective.  Basing  the  demand  on  the  outlets 
installed,  however,  tends  to  defeat  the  prime  object  of 
encouraging  the  use  of  current  consuming  devices.  The 
inadvisability  of  estimating  the  maximum  demand  upon 
such  a  basis  would  seem  so  obvious  as  to  be  hardly 
worthy  of  comment,  were  it  not  such  common  practice. 

CH.A.S.    R.    RiKER 


The  Trail 
of  the 
Pioneer 


Blazing  paths  into  the  unknown, 
whether  in  the  field  of  geography  or 
science,  is  the  lot  of  the  compara- 
tively few,  who  are  fitted  by  nature 
and  by  training  to  act  the  part  o^:  pioneers.  Most  men 
must  be  content  to  travel  along  the  routes  which  have 
been  pointed  out  by  others.  The  success  of  the  pioneer 
is  measured  not  alone  by  the  importance  of  the  uew 
fields  which  he  discovers,  but  also  by  the  extent  to 
\ihich  he  and  his  associates  clear  the  pathway  so  that 
others  may  follow. 

The  modern  scientist  is  no  less  a  pioneer  because 
he  uses  mathematical  expressions  rather  than  an  t.xe. 
His  success  is  measured  by  the  way  in  which  he  pro- 
vides that  other  men,  less  gifted  than  he,  may  attain 
the  same  goal.  An  example  of  this  type  of  scientific 
road  making  is  provided  by  the  charts  which  are  pub- 
lished by  Mn  Nesbit  in  this  issue  of  the  Journal,  where- 
with Dr.  Kennelly  has  blazed  a  broad  trail  through  the 
jungle  of  hyperbolic  functions,  which  any  engineer, 
though  previously  unacquainted  with  this  form  of 
rrathematics,  may  follow  with  ease.  The  thanks  of 
every  engineer  who  has  to  deal  with  transmission  prob- 
lems are  due  to  Dr.  Kennelly  and  Mr.  Nesbit  for  this 
simplification  of  an  exact  method  of  calculation. 


3000  Voli  CMrj'Oji'c  Collocxors 

For  the  Chicago.  Milwaukee  &.  St.  i^aul  Locomodves 


THE  COMBINATION  of  a  double  shoe  type  of 
pantagraph  trolley  and  a  twin-wire  flexibly- 
supported  catenary  overhead  construction  has 
veiy  effectually  solved  the  problem  of  heavy  current 
collection.  The  sliding  shoe  type  of  pantagraph  has 
been  used  extensively  for  high-voltage,  single-phase 
current  collection  since  1905.  The  current  values  are 
low,  however,  compared  with  direct-current  operation. 
The  possibilities  of  collect- 
ing heavy  currents  from  an 
overhead  trolley  wire  were 
not  generally  recognized 
until  the  electrification  of 
the  Niagara  Junction  Kail- 
way  at  Niagara  Falls  in 
1913.  At  this  time  a  pan- 
tagraph trolley  was  de- 
veloped having  two  flexibly 
mounted  contact  shoes, 
which  were  made  of  .sheet 
steel  with  copper  wearing 
strips. 

The  majority  of  elec- 
trified railroads  taking  di- 
rect-current from  an  over- 
head wire  at  this  time  were 
using  either  a  wheel  trolley 
or    a    pantagraph    trolley 
with  a  heavy  roller  for  col  ■ 
1  e  c  t  i  n  g,   the    current. 
Neither  the  vi'heel  trolley 
or    the    roller    pantagraph 
are     suitable     for     high- 
speed, heavy  electric  trac- 
tion.     The 
wheel   trolley 
cannot    be 
con  trolled 
from  the  cab 
and     has     a 
tendency     to 
leave    the 
wire.     T  h  e 


Pantagraph  trolleys  are  divided  into  two  classes : — 
air  raised;  and  air  lowered.  In  the  air  raised  trolley, 
the  continued  application  of  compressed  air  is  necessary 
Ic  hold  up  the  trolley.  In  the  air  lowered  trolley,  the 
application  of  compressed  air  is  required  only  to  lower 
the  trolley  and  to  disengage  an  automatic  latch.  The 
large  majority  of  pantagraphs  in  this  country  are  of  the 
siiring  raised  type,  whereas  in  Europe  the  majority  of 
pantagraph  trolleys  are  air 
raised. 

The  Pantagraph   trol- 
ley    which     has    been 
adopted    by    the    Chicago, 
Milwaukee     &     St.     Paul 
Railroad     is     of     the     air 
raised     type.      The     prin- 
ciple elements  of  this  pan- 
tagraph trolley  are: — 
I — The  contact  shoes. 
2 — The  movable  frame  work. 
3 — The  insulated  base  with 
operating  mechanism. 

The  contact  shoes  of 
the  original  Niagara  Junc- 
tion trolley  were  four 
feet  long  over  the  flat 
portion,  but  were  short- 
ened in  the  present  de- 
sign, due  to  tunnel  require- 
ments, to  two  feet  and  the 
overall  length  and  drop 
of  the  horns  was  in- 
creased. 

In  collecting  heavy 
currents,  a  good  low  re- 
sistance con- 
tact with  the 
trolley  wire 
is  necessar)'. 
This  is  ob- 
t  a  i  n  e  d  by 
copper 
wearing 
strips.        B  y 


1 — I'ANTAGR.M'U    TIJOU.EY   liAlSF.P 


FIG.   2 — l'.\NTAC.R.APH   TROLLEY   LUWEKED 

roller  pantagraph  is  fairly  satisfactory  with  currents  having  these  wearing  strips  located  on  flexibly  mounted 
less  than  300  amperes  and  speeds  less  than  35  miles  per  shoes,  equalization  of  contact  is  obtained,  so  that  at  all 
hour.  The  limited  contact  area  prohibits  the  collection  tMnes  current  is  collected  from  four  contacts.  The 
of  heavy  currents  and  tlie  weight  and  inertia  of  the  w  eight  of  the  contact  shoes  has  been  reduced  to  a  mini- 
roller  cause  excessive   sparking  and   flashing  at  high  mum  to  reduce  inertia  when  operating  at  high  speeds. 


speed:^. 

The  satisfactory  operation  of  the  double  shoe  pan- 
tagraph resulted  in  its  adoption  by  the  Chicago  Milwau- 
kee &  St.  Paul  Railroad  for  the  original  electrification, 
and' this  panfagraJDh,  with  several  modifications,  has 
been  applied  oh  the  new  passenger  locomotives. 


In  this  way  it  is  not  necessary  for  the  whole  moveable 
frame  of  the  trolley  to  respond  to  slight  irregularities 
in  the  trolley  wire,  and  this  helps  to  diminate  sparking. 
The  spaces  between  w<».Trin<*  strips  are  filled  with  a  lu- 
bricating mixtui'e,  consisting  of  two  parts  of  motor 
grease  and  one  part  of  flake  graphite.'   This  lubrication 
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reduces  the  frictional  wear  of  trolley  wire  and  wear- 
ing strips.  Each  contact  shoe  has  two  inches  independ- 
ent movement  vertically,  and  the  shoes  are  located  at  a 
maximum  distance  of  12  in.  and  a  minimum  distance 
of  9.75   in.   apart  center  to   center   during  this  move- 


FIG.    3 — PLAN   VIEW   OF    PANTAGRAPH    TROLLEY 

nient.  An  average  contact  pressure  of  fifteen  pounds 
per  shoe  produces  best  results.  More  wear  results  from 
I  ten  pound  pressure  due  to  incipient  arcing,  which  dis- 
appears with  increased  pressure. 

MOVABLE  FRAME  WORK 

The  movable  frame  work  which  carries  the  contact 
shoes  is  made  of  high  carbon  seamless  steel  tubing  1.25 
in.  in  diameter.  The  tubing  for  the  upper  members  has 
a  wall  1/32  in.  thick  and  for  the  lower  member  1/16  in. 
thick.  Both  upper  and  lower  members  are  cross 
braced,  thus  making  a  structure  which  is  very  stiff 
laterally  and  well  adapted  for  resisting  sidesway. 

The  members  in  the  upper  frame  are  subjected  al- 
most entirely  to  compressive  strains.  It  has  been  found 
that  seamless  steel  tubing  is  best  adapted  for  resisiing 
these  strains  with  minimum  weight.  The  side  members 
of  the  lower  frame  are  subjected  to  severe  bending  mo- 
ment and  an  arm  is  therefore  built  up  of  tubing  in  which 
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FIG.  4 — TROLLEY  PRESSURES 

the  lower  member  is  in  compression  and  the  upper  mem- 
ber is  in  tension.  The  two  sides  of  a  lower  frame  are 
held  together  with  a  cross  shaft  two  inches  in  diameter 
and  also  by  two  diagonal  cross  biaces.  The  cross  shaft 
is  found  to  be  an  important  element  in  reducing  sides- 


way.  Sidesway  of  the  upper  members  is  transmitted  to 
the  lower  side  members  and  tends  to  make  the  end  of 
one  side  member  to  go  up  while  the  opposite  member 
goes  down.  This  produces  a  twisting  moment  on  the 
cross  shaft  which  must  be  heavy  enough  to  resist  this 
twisting   moment    or   decided    sidesway    of    the    upper 


FIG.   5 — PANTAGRAPH   TROLLEY   CONTROL  SWITCH 

frame  will  result.  The  members  of  the  frames  are  con- 
nected together  by  means  of  rrjalleable  iron  castings 
made   of   the   lightest   possible   weight   consistent   with 

strength. 

INSULATED  BASE   WITH   OPERATING   MECHANISM 

The  insulated  base  on  which  the  movable  frame  is 
mounted  is  made  of  2  by  2  by  ]4  in.  angle  iron.  The 
base  is  provided  with  two  air  cylinders  and  necessary 
shafts  and  levers.  In  Fig.  4  the  plan  view  shows  the 
operating  mechanism  consisting  of  four  tension  springs, 
ti  gether  with  link  chain  and  cam,  air  cylinders,  etc. 
In  the  operation  of  the  trolley,  air  is  admitted  to  the 
air  cylinder.  This  forces  the  piston  against  a  lever  and 
turns  a  shaft  which  connects  to  a  second  lever  con- 
nected to  a  tension  spring.  The  other  end  of  the  tension 
spring  is  connected  to  the  operating  cam  by  means  of  a 
link  chain.  When  the  piston  is  at  the  end  of  its 
stroke,  the  spring  has  been  fully  extended  and  the  mov- 
able frame  will  rise  to  its  maximum  height.  The  pis- 
ton then  simply  forms  an  anchor  point  for  the  spring 


..—  No.  1  End 
Pantagraph 
Control  Switch 


FIG.  6 — WIRING  AND  PIPING  DIAGRAM   OF  PANTAGRAPH   CONTROL 

end  and  remains  stationary.  The  springs  controlled  by 
the  air  cylinder  are  located  diagonally  opposite  each 
other.  On  the  opposite  side  of  the  frame  from  the 
cylinder  controlled  springs  are  balancing  springs  which 
pproximately  balance  the  dead  weight  of  movable  parts. 
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In  this  way  the  size  of  air  cylinders  is  reduced  and  the 
balancing  springs  also  serve  to  bring  the  movable  parts 
tC'  rest  without  a  severe  slam.  (.-Y.iy  small  compression 
springs  are  required  for  a  final  cushioning  eflfect. 

The  spring  tension  is  applied  through  a  link  chain 
to  a  cam  and  in  this  way  at  every  height  of  the  trolley 
wire  a  turning  moment  is  imparted  to  the  pantagraph 
frame  which  counterbalances  the  sum  of  the  various 
moments  of  the  movable  frame,  contact  shoe  and  pres- 
sure and  a  nearly  uniform  pressure  on  the  trolley  wire 
is  obtained  throughout  the  range  of  operation. 

Fig.  5  shows  the  contact  pressure  for  two  shoes. 
The  difference  in  pressure  equals  one-half  the  friction 
of  the  trolley,  which  is  about  four  pounds,  measured  at 
the  contact  shoes.  An  air  pressure  of  not  less  than  60 
pounds  per  sq.  in.  is  required  to  hold  the  trolley  in  op- 


KIC.    7 — I'ANTACHArn     MOI'MKII    ON     IXSULATiai    I'LATFOKM 

crating  positions.     In  order  to  lower  the  trolley  the  air 
is  exhausted  from  the  air  cylinders. 

ACCESSORIES 

In  order  that  the  lowering  of  the  pantagraph  may 
be  accomplished  in  as  short  a  time  as  possible,  an  elec- 
tro-pneumatic valve  is  located  at  each  end  of  the  loco- 
motive cab  near  the  trolley  and  the  operation  of  the 
valve  is  controlled  by  the  control  switch  shown  in  Fig. 
5.  With  this  switch,  either  or  both  pantagraphs  can 
be  lowered,  depending  on  the  position  of  the  switch 
handle.  The  contact  shoes  will  reach  the  trolley  wire 
four  seconds  after  moving  the  switch  handle.  For 
lowering  2.5  seconds  are  required.  The  piping  and  wir- 
ing are  shown  in  Fig.  6.  It  is  necessai^  to  have  large 
pipe  and  air  hose  as  shown  in  Fig.  6  in  order  that  the 
exhaust  of  air  may  be  as  rapid  as  possible,  otherwise 
the  lowering  action  is  retarded.  It  is  essential  that  the 
lowering  be  as  rapid  as  possible,  in  order  that,  if  an  ob- 
struction occurs  in  the  trolley  line,  the  pantagraph  may 
be  lowered  and  thus  avoid  a  wrecked  trolley. 


There  are  two  trolleys  per  locomotive,  but  only  one 
IS  normally  used  for  current  collection.  The  other 
trolley  is  held  in  reserve  for  emergency  in  case  of  a 
wreck  or  dainaged  trolley.  When  hauling  a  960  ton 
train  up  a  heavy  grade,  a  current  of  1000  to  1200  am- 
peres will  be  collected  at  a  speed  of  20  to  25  miles  per 
hour.  At  a  maximum  speed  of  65  miles  per  hour  a 
current  of  300  to  400  amperes  are  required  by  this  loco- 
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FIG.    8 — IXSri,.\TORS    FOR    SUI'PORTING    l\\T\(.K\ni     \M)    I  LATFORM 

motive.  Much  heavier  currents  could  be  handled  at 
this  speed.  .  The  trolley  wire  is  at  a  maximum  of  26  ft. 
and  a  minimum  of  17  ft.  above  the  rail.  The  collapsed 
height  of  the  shoe  is  16  ft.  "/Y^  in.  above  the  rail. 

As  an  additional  safety  feature,  the  pantagraph 
trolley  sets  on  an  insulated  platform,  shown  in  Fig.  7, 
made  of  sheet  steel  and  channel  iron.  The  insulators 
for  this  platform  are  the  same  as  used  for  the  panta- 
graph trolley,  and  are  shown  in  Fig.  8.  In  case  one 
pantagraph  is  damaged,  parts  of  the  frame  might  touch 
the  roof.  If  the  other  pantagraph  is  raised  a  short- 
crcuit  would  result  burning  a  hole  in  the  locomotive 
roof.  The  insulated  platform  eliminates  the  possibility 
(,f  accidents  of  this  sort. 

OVERHEAD  SYSTEM 

Energy  is  supplied  to  the  Chicago,  Milwaukee  &  St. 
Paul  locomotives  by  means  of  two  4/0  hard  drawn 
copper  trolley  wires,  located  at  a  maximum  height  of 
26  ft.,  normal  height  of  24  ft.  and  minimum  height  of 
17  ft.  above  the  rail.  The  two  trolley  wires  are  sus- 
pended from  a  common  messenger  cable  by  means  of 
the  alternate  type  of  suspension,  as  shown  in  Fig.   10. 


FIG.  9 — CATENARY   SUSPENSION 

The  catenary  hangers  are  looped  over  the  messenerer 
cable  so  that  the  trolley  wires  respond  very  readily  to 
the  pressure  of  the  contact  shoe  and  a  maximum  of 
flexibility  is  obtained  from  the  conductor.  The  hangers 
shown  in  dotted  lines  are  for  No.  i  trolley,  those  shown 
full  are  for  No.  2  trolley  wire. 
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Measuring  •Roaoilve  Voll^Amperas  In  a  Tliree-Pliass  Tbree-WIre  Circuit 

T.  C.  Groui> 
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EASURING  reactive  volt-amperes  is  compara- 
tively simple  in  a  two-phase  circuit  because  of 
the  existence  in  the  circuit  of  a  voltage  which 
is  normally  at  right  angles  to  the  current  at  unity 
power-factor.  In  a  three-phase  circuit,  however,  it  is 
necessary  to  produce  a  suitable  voltage  by  a  combination 
of  the  three-phase  voltages. 

Connections  for  measuring  the  reactive  volt- 
amperes  in  a  three-phase  three-wire  circuit  with  a  poly- 
phase wattmeter  of  standard  calibration  are  shown  in 
Fig.  76.  Two  standard  current  transformers  and  two 
special  voltage  transformers  are  necessary.  The  sec- 
ondaries of  the  voltage  transformers  must  be  designed 
for  2/3  )  J~  (approximately  115  percent)  times  the 
nominal  secondary  voltage,  with  a  tap  taken  out  at  the 
middle  of  the  winding.  By  the  nominal  secondary  volt- 
age is  meant  a   simple  multiple   of   the   rated   primary 


FIG.  76 — CONNECTIONS  FOK  FIG.      7/ — B.\L.\N'CED     LO.\D 

ME.ASURING  RE.\CTIVE  .\T    UNITY    I'OVVER-F.\CTOR 

VOLT-AM  PERES 

voltage  as  determined  by  the  ratio  of  transformation. 
Standard  voltage  transformers  are  so  designed  that  the 
nominal  secondary  voltage  is  lOO.  In  Fig.  76  the  out- 
side leads  of  the  voltage  transformers  are  designated  as 
the  115  percent  taps  and  the  middle  leads  as  the  57.5 
percent  taps. 

This  special  voltage  arrangement  can  be  explained 
more  easily  in  connection  with  Fig.  yy,  which  shows  a 
vector  analysis  of  the  circuit  for  a  balanced  load  at 
unity  power-factor.  E^  „,  £,  3  ''nd  E^  ^  represent  the 
three-phase  line  voltages,  and  also  the  nominal  voltages 
on  the  secondary  side  of  the  voltage  transformers  or,  as 
considered  above,  the  voltages  corresponding  to  100  per- 
cent. £1,  Er.  and  £3  represent  the  actual  voltages  on 
the  secondan,-  side  of  the  voltage  transformers,  or  the 
voltages  referred  to  as  115  percent.  1/2  E^  and  1/2  En 
represent  the  voltages  between  the  middle  points  of  the 
secondary  windings  and  an  outside  lead  respectively  of 
the  two  voltage  transformers.     /,,  /„  and  I.^  represent 


the  line  currents  and  also  the  currents  on  the  secondary 
s>de  of  the  current  transformers. 

In  a  three-phase  three-wire  polyphase  wattmeter, 
for  a  balanced  load  at  unity  power-factor,  the  current 
in  the  right  hand  element  is  30  degrees  behind  the  volt- 
age, and  in  the  left  hand  element  the  current  is  30  de- 
grees ahead  of  the  voltage,  and  the  measurement  is  posi- 
tive in  both  elements,  so  that  the  algebraic  sum  of  the 
two  measurements  is  the  total  power  in  the  circuit.  Also 
at  the  maximum  theoretical  angle  of  lag  of  90  degrees, 
the  current  in  the  right  hand  element  is  120  degrees 
behind  the  voltage  and  the  measurement  negative,  while 
in  the  left  hand  element  the  current  is  60  degrees  be- 
hind the  voltage  and  the  measurement  positive.  The 
measurements  in  the  two  elements  being  equal,  the  re- 
sulting total  measurement  by  the  meter  is  zero.  The 
measurement  of  reactive  volt-amperes  must  be  just  the 


FIG.      78 — B.\L.\XCED     LO.\D 

WITH    CURRENT    L.\GGING 
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jtj — B.\L.\NCED     LOM) 
WITH    CURRENT    L.AGGING 
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reverse,  that  is,  for  a  balanced  load  at  unity  power- 
factor  the  total  measurement  must  be  zero  and  at  the 
maximum  theoretical  angle  of  lag  of  90  degrees,  the 
measurement  in  reactive  volt-amperes  must  be  the  same 
as  the  total  power  at  unity  power-factor  when  the  meter 
was  connected  for  measuring  actual  or  true  power. 

In  order  to  meet  these  conditions,  the  connections 
in  Fig.  76  are  arranged  so  that  the  voltage  impressed  on 
the  right  hand  element  of  the  wattmeter,  represented  on 
the  vector  diagram  in  Fig.  77  as  £r,  is  equal  to  £_,  + 
0.5  £1  (vectorially).  Since  £0  is  equal  to  1.15  E„  3  and 
lags  behind  £r  by  the  angle  whose  sine  is  0.5,  £r.  is 
equal  to  i.i^  £2  3  cos  50°  ^  £,  3  or  the  nominal  voltage 
on  the  secondary  side  of  the  voltage  transformers,  /j, 
representing  the  current  which  flows  through  the  right 
hand  element,  is  60  degrees  ahead  of  £r,  and  the 
measurement  by  this  element  IFr  is  £r  /j  cos  60°,  or 
omitting  the  sub-figures,  since  £n  is  equal  to  the  line 
voltage  and  /;  is  the  line  current,  U^-b.  =  EI  cos  60°  = 
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0.5  EL  The  voltage  impressed  on  the  left  hand  ele- 
ment is  0.5  £2  -|-  £1  (vectorially)  which  is  represented 
by  £l  in  the  vector  diagram.  Since  E^  is  equal  to 
1:15  El  2  and  is  30  degrees  ahead  of  £l,  £l  is  equal  to 
/.jj  £1 2  CO.S  jo°  ^  £1 2  or  the  nominal  voltage  on  the 
secondary  side  of  the  voltage  transformers.  1 3,  repre- 
senting the  current  which  flows  through  the  left  hand 
element,  is  120  degrees  ahead  of  £l  and  the  measure- 
ment in  this  element  Wi,  is  £l  ^3  cos  120°  or,  omitting 
the  sub-figures,  Wi,  =  EI  cos  120°  =  —  El  sin  jo°  = 
- —  0.^  EI.  The  total  measurement  by  the  meter  (reac- 
tive volt-amperes)  given  by  the  algebraic  sum  of  the 
measurements  in  the  two  elements  is  zero,  which  is 
correct  for  the  balanced  load  at  unity  power-factor. 

The  wattmeter's  measurement  may  be  shown  to 
correspond  to  the  general  expression  for  the  reactive 
volt-amperes  in  a  three-phase  three-wire  circuit,  EI 
sin  (j>,  in  the  connection  with  the  vector  diagram  in  Fig. 
78,  which  is  for  the  condition  of  a  balanced  load  at  any 
power-factor  where  the  current  lags  by  an  angle  cf>.  The 
line  currents  are  then  50°  -(-  (j>  behind  the  line  volt- 
ages.    /,,  the   current    which    flows   through    the   right 


E^  o,  E„  3  and  £3 1  respectively,  /j  is  30  degrees 
ahead  of  Er  and  the  measurement  in  the  right  hand 
element  is  £r  /j  cos  jo°  or,  omitting  the  sub- 
figures,  Wr  =  EI  cos  jo°  =  0.866  EI.  I^  is 
90  degrees  ahead  of  £l  and  there  is  not  any 
measurement  in  the  left  hand  clement.  The  reactive 
volt-amperes  calculated  from  the  expression  1.75  EI  sin 
<>  equal  0.866  EI  which  is  the  same  as  the  meter  meas- 
ures. 

A  vector  diagram  is  shown  in  Fig.  80  for  a  bal- 
anced load  where  the  current  lags  60  degrees.  The  line 
currents  are  then  90  degrees  behind  the  line  voltages. 
/,  is  in  phase  with  £r  and  the  measurement  in  the  right 
hand  element  is  £r  /,  or,  omitting  the  sub-figures,  Wg. 
=^  EI.  I^  is  60  degrees  ahead  of  £l  and  the  measure- 
ment in  the  left  hand  element  is  £1,  /,  cos  60°  or,  omit- 
ting the  sub-figures,  [F^  =  EI  cos  60°  =  o.ji  EI. 
The  sum  of  the  measurements  in  the  two  elements  is 
EI  -\-  0.5  EI.  The  reactive  volt-amperes  calculated 
from  the  expression  7.75  EI  sin  <f>  =  7.5  EI  which  is  the 
same  as  the  meter  measures. 

A  vector  diagram  is  shown  in  Fig.  81   for  a  bal- 


FIG.     80 — BALANCED     LOAD 

WITH    CURRENT    LAGGINf. 

60  DEGREES 


KIG.     8l — BALANCED     LOAD 

WITH    CURRENT    LAGGING 

90  DEGREES 


KIG.     82 — EALANXED     LOAD 

WITH    CURRENT    LE.\DINi; 

30  DEGREES 


hand  element  of  the  wattmeter  is  60°  —  (p  ahead  of  the 
voltage  £r,  and  the  measurement  in  this  element  is 
£r  /i  cos  (60°  —  <f)}  or,  omitting  the  sub-figures,  Wr  = 
EI  cos  {60°  —  ^)  =  0.^  EI  (cos  <l>  -|-  7.75  sin  <f>).  /j, 
the  current  which  flows  through  the  left  hand  element 
is  7^0°  —  <l>  ahead  of  £l  and  the  measurement  by  this 
element  is  £l  1 3  cos  (120°  —  <^)  or,  omitting  the  sub- 
figures,  Wi,  ==  EI  cos  {120°  —  <^)  ^  —  EI  sin  (jo°  — 
</>)  =  0.5  EI  (7.7J  sin  <j)  —  cos  <j>).  The  algebraic  sum 
of  the  measurements  in  the  two  elements  is  7.75  EI 
sin  0. 

In  order  to  observe  the  wattmeter's  action  in 
measuring  the  reactive  volt-ampeies  at  different  power- 
factors,  both  lagging  and  leading,  the  measurement  will 
bt  determined  from  a  vector  analysis  of  the  circuit  at 
a  number  of  different  angles  of  lag  and  lead.  In  each 
case  the  results  are  to  be  compared  with  the  reactive 
volt-amperes  as  calculated  from  the  general  expression 
7.75  EI  sin  <f>. 

In  Fig.  79  a  vector  diagram  is  shown  for  a  balanced 
load  where  the  current  lags  30  degrees.  The  line  cur- 
rents /,,  /j  and  I3  are  60  degrees  behind  the  line  voltages 


anced  load  where  the  current  lags  by  the  theoretical 
maximum  angle  of  90  degrees.  The  line  currents  are 
120  degrees  behind  the  line  voltages.  /,  is  30  degrees 
behind  £r  and  the  measurement  in  the  right  hand  ele- 
ment is  £r  /i  cos  30°  or,  omitting  the  sub-figures,  IP'r 
=  EI  cos  50°  =  0.866  EI.  Is  is  30  degrees  ahead  of 
£l  and  the  measurement  in  the  left  hand  element  is 
£l  Is  cos  jo°  or,  omitting  the  sub-figures,  H^'l  =  EI 
cos  jo°  =  0.866  EL  The  sum  of  the  measurements 
in  the  two  elements  is  7.75  EL  The  reactive  volt-am- 
peres calculated  from  the  expression  7.75  EI  sin  <f>  = 
7.7J  EI  which  is  the  same  as  the  meter  measures.  For 
this  case  all  the  volt-amperes  are  reactive  and  there  is 
no  true  power  being  delivered  by  the  circuit. 

A  vector  diagram  is  shown  in  Fig.  82  for  a  bal- 
anced load  where  the  current  leads  30  degrees.  The 
line  currents  are  in  phase  with  the  line  voltages.  /,  is 
90  degrees  ahead  of  £r  and  there  is  no  measure- 
ment in  the  right  hand  element.  I^  is  150  degrees 
ahead  of  £l  and  the  measurement  in  the  left  hand  ele- 
ment is  £l  I3  cos  150°  or,  omitting  the  sub-figures,  ]l\ 
=^  EI  cos  150°  =  0.5  EL     This  is  the  same  as  the  re- 
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su.lt  with  lagging  current  except  that  it  is  negative,  !hat 
is,  the  deflection  is  in  a  negative  direction. 

In  Fig.  83  is  shown  a  vector  diagram  for  a  bal- 
anced load  where  the  current  leads  60  degrees.  The 
line  currents  are  then  30  degrees  ahead  of  the  line 
voltages,  /j  is  120  degrees  ahead  of  Ep_  and  the  meas- 
urement in  the  right  hand  element  is  £r  I^  cos  120°  or, 
omitting  the  sub-figures,  IFr  =  EI  cos  120°  =  —  0.5 
EI.  /j  is  180  degrees  from  £l  and  the  measurement 
in  the  left  hand  element  is  —  £l  -^3  or,  omitting  the 
sub-figures,  Wi,  =  —  EL  This  is  again  the  same  as 
the  result  with  a  lagging  current,  except  it  is  negative. 

Thus  it  is  seen  that  the  results  with  leading  currents 
are  the  same  as  with  lagging  currents  except  that  the 
deflection  is  in  a  negative  direction.  Therefore,  a  poly- 
phase wattmeter,  when  used  for  measuring  reactive 
volt-amperes  in  a  circuit  when  the  current  may  either 
lag  or  lead,  should  be  provided  with  a  zero-center 
scale,  so  that  it  may  give  full  scale  deflection  in  either 
direction.  Then  the  meter  indicates  whether  the  cur- 
rent lags  or  leads  by  the  deflection  being  in  a  positive 
or  a  negative  direction.     If  the  load  on  the  circuit  is 


■ging  current,  the  connections   in 


nieasurement  in  this  element  is  £u  /j  cos  (po°  —  </>) 
or,  omitting  the  sub-figures,  !/'r  =  EI  cos  (po°  —  <^) 
=  EI  sin  <j>  which  is  correct  for  the  reactive  volt-am- 
i;eres  in  the  single-phase  circuit.  /,a  and  I^  represent 
the  line  currents  when  the  single-phase  load  is  between 
lines  2  and  J.  The  current  La  is  shown  lagging  by  an 
angle  4>  to  represent  any  condition  of  power-factor.  In 
this  case  the  only  measurement  is  in  the  left  hand  ele- 
ment, because  there  is  a  current  transformer  in  line  5 
and  not  in  line  2.  The  current  I3  which  flows  through 
the  left  hand  element  is  go°  —  </:  ahead  of  £l  and  the 
measurement  in  this  element  is  £1,  I3  cos  {po°  —  4>)  or, 
omitting  the  sub-figures,  IFl  =  EI  cos  (po°  —  </>)  = 
EI  sin  (f>  which  is  again  correct  for  the  single-phase  cir- 
cuit. /3A  and  /jA  represent  the  line  currents  when  the 
single-phase  load  is  between  lines  5  and  i.  /3A  is  shown 
lagging  by  an  angle  <f>  in  order  to  be  representative  for 
any  power-factor.  As  there  is  a  current  transformer  in 
each  line,  there  is  a  measurement  in  both  elements  of 
the  meter.  In  the  right  hand  element  /^a  is  30°  —  <^ 
ahead  of  £r  and  the  measurement  is  £r  /^a  cos  (jo°  — 
<^)  or,  omitting  the  sub-figures,  IVr  =  EI  cos  (30°  ■ — 
(t>)  =  o.^  EI  {1.7s  '^o^  4>  +  •^"'  <t>)-     In  the  left  hand 


FIG.     S3 — B.\LANCED     LO.\D     WITH 
CURRENT    LE.^DING    6o    DEGREES 


FIG.  84 — SINGLE-PHASE  LOADS  AT 
ANY    POWER-FACTOR 


FIG.    85 — CONNECTION     FOR     MEASURING 

EITHER   TRUE   POWER  OF  REACTIVE 

VOLT-.AM  PERES 


Fig.  76  are  correct  for  a  positive  deflection  and  a  stand- 
ard scale  is  sufficient,  or  if  the  load  is  always  to  have  a 
leading  current,  the  connections  to  the  voltage  coils  of 
both  elements  may  be  reversed  and  the  meter's  deflection 
will  be  in  a  positive  direction  for  a  leading  current  and 
a  standard  scale  is  again  sufficient. 

It  can  be  further  shown  that  the  polyphase  watt- 
meter connected  as  in  Fig.  76  correctly  measures  the 
reactive  volt-amperes  in  the  three-phase  three-wire  cir- 
cuit for  unbalanced  loads  by  considering  the  extreme 
case  of  unbalancing  where  single-phase  loads  are  con- 
nected between  any  two  of  the  lines.  A  vector  diagram 
for  the  three  possible  conditions  is  shown  in  Fig.  84. 
The  voltages  are  the  same  as  in  vector  diagrams  shewn 
in  Figs.  77  to  83  inclusive.  /^  and  /j  represent  the  line 
currents  when  the  single-phase  load  is  between  lines  / 
and  2.  7,  is  shown  lagging  behind  the  line  voltage  £,  , 
by  an  angle  <^  in  order  to  cover  any  power-factor.  Since 
there  is  a  current  transformer  in  line  i  and  not  in  line  2, 
the  only  measurement  is  in  the  right  hand  element  of 


element  /3A  is  ijo°  —  </>  ahead  of  £l  and  the  measure- 
ment is  £l  /3A  cos  {130°  —  (p)  or,  omitting  the  sub- 
figures,  IFl  =  EI  cos  (150°  —  4>)  =  —  EI  sin  (60°  — 
<f>)  =  o.§  EI  {sin  <j>  —  7.75  cos  <f>).  The  algebraic  sura 
of  the  measurements  in  the  two  elements  is  EI  sin  <^ 
v.'hich  is  also  correct  for  the  single-phase  circuit.  A 
similar  line  of  reasoning  will  show  that  the  results  in 
case  of  unbalanced  loads  where  the  current  leads  are 
the  same  as  when  the  current  lags,  except  that  the  de- 
flection will  be  in  a  negative  direction. 

It  is  sometimes  desired  to  use  the  same  polyphase 
wattmeter  for  measuring  either  the  reactive  volt-ami- 
peres  or  the  true  powder  in  a  three-phase  three-wire  cir- 
cuit. This  can  be  done  with  the  apparatus  and  correc- 
tions shown  in  Fig.  85.  The  voltage  transformers  are 
the  same  as  those  used  in  Fig.  76,  except  that  they 
must  be  provided  with  a  nominal  voltage  {loo'^o)  tap. 
If  the  four-pole,  double  throw  switch  is  thrown  to  posi- 
tion A,  the  voltage  coils  are  connected  to  the  voltage 
transformers  in  exactly  the  same  manner  as  in  Fig.  76 


the  meter.     The   current   /,    which   flows   through   the     and  the  meter  will  measure  the  reactive  volt-amperes, 
right  hand  element  is  go°  —  ^  ahead  of  £n  and  the      If  the  switch  is  thrown  to  position  B.  the  voltage  coil 
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in  the  right  hand  element  is  connected  to  the  nominal 
secondary  voltage  corresponding  to  the  line  voltage 
from  line  i  to  line  2,  and  the  voltage  coil  in  the  left 
hand  element  is  connected  to  the  nominal  secondary 
voltage  corresponding  to  the  line  voltage  from  line  J  to 
line  2,  which  is  correct  for  measuring  the  true  power  in 
the  circuit.  The  connections  from  the  current  trans- 
formers to  the  current  coils  of  the  meter  are  the  same 


for  measuring  either  reactive  volt-amperes  or  true 
power.  A  meter  used  in  this  way  should  have  a  zero- 
center  scale  to  provide  for  indicating  the  reactive  volt- 
amperes  with  either  leading  or  lagging  currents,  as  was 
explained  in  connection  with  Fig.  76.  When  measuring 
true  power  the  meter  will  show  a  positive  deflection  so 
long  as  power  is  transmitted  in  a  positive  direction  as 
indicated  by  the  arrow  points  on  the  line  leads. 


iV(a]a  Di'iv 


Ckuai.d 

THE  MAIN  driving  motors  on  the  new  275  ton, 
3000  volt  passenger  locomotives  for  the  Chicago, 
Milwaukee  &  St.  Paul  Railroad  are  of  the  twin 
armature  geared  tjiJC.  This  type  of  motor  permits  the 
development  of  greater  horse-power  per  axle  than  any 
other  type  in  which  a  single  motor  mounted  between 
wheel  flanges  drives  a  single  axle.  By  means  of  this 
design  it  was  possible  to  make  each  motor  of  sufficient 
capacity  to  require  only  six  driving  axles  per  locomo- 
tive.    The  motors  are  insulated  for  operating  two  in 


Lii^^  iV(ocor^ 

I".  Smith 
especially  when  operating  at  the  peak  load  on  the 
heavier  grades.  Moderate  locomotive  speeds  (con- 
sistent with  the  schedule)  and  high  motor  efficiency  on 
the  heaviest  sustained  grades  are  both  desirable,  due  to 
the  fact  that  the  energy  supply  is  obtained  from  water 
power  in  which  the  principal  item  of  cost  is  that  due  to 
investment  and  hence  peak  loads  should  be  kept  as  low 
as  possible. 

The  maximum  sustained  compensated  grades  on 
the  electrified  sections  of  the  Chicago,  Milwaukee  &  St. 
Paul  Railroad  are  2  to  2.2  percent,  which  requires  325 
to  370  amperes  per  motor  operating  on  full  field  with  a 
normal  950  ton  train.  With  a  10  percent  drop  in  line 
voltage  the  speed  on  tJicse  grades  is  approximately  22 
niiles  per  limir. 


KIC.     I  —  M.MN    MOniK    KOK    THE    CHICACO,    M  lI.\V.\f  KKB    &    ST.    r.\U!. 
UX'O.MOTIVKS 

Asseml>!et!  complete  with  tiiiill  and  gear  covers. 

series  on  a  3000  volt  trolley  line,  giving  1500  volts  per 
motor,  or  750  volts  across  each  of  the  twin  armatures, 
which  are  connected  permanently  in  series.  The 
general  appearance  of  this  type  of  motor  is  shown  in 
Figs.  I  and  2.  The  ratings  of  the  motor  with  full  field, 
according  to  A.  I.  E.  E.  Standardization  Rules  are  given 
in  Table  I. 

By  using  geared  motors,  high  efficiency  is  obtained, 


KIG.    2 — THHKE   TWIN    MOTORS   ASSEMHLED  ON   TRUCK 

The  performance  curves  of  these  motors  are  given 
in  Fig.  3.  The  maximum  efficiency  on  full  field  of 
siightly  over  90  percent  is  obtained  between  250  and  430 
amperes.  The  efficiencj'  as  shown  by  this  curve  is  based 
on  input  and  output  tests,  and  does  not  include  the 
losses  in  the  blower  motors,  which  do  not  need  to  be 
used  under  ordinary'  conditions.  As  was  anticipated, 
the  loss  in  the  gears  and  quill  bearings  indicated  by 
these  tests  is  much  less  than  that  assumed  by  the 
A.  I.  E.  E.  rules,  which  were  ba.sed  on  tests  made  on 
a  much  smaller  motor. 

In  obtaining  these  tests  the  (mill  drives  of  two  mo- 
tors were  coupled  together  as  shown  in  Fig.  4  in  such  a 
way  as  to  include  all  the  normal  g'^ar  losses.  The  motors 
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were  loaded  on  one  another  as  shown  in  Fig.  5,  the  full 
voltage  being  maintained  across  the  motors  by  plant  A 
which  supplies  the  friction,  windage  and  iron  losses. 
Full-load  current  is  circulated  through  the  motors  by 
the  booster  B,  which  supplies  the  copper  loss.  The 
armatures,  commutating  fields  and  main  field  of  the 
motor  and  the  main  field  of  the  generator  carry  the 
normal  full-load  current.  The  armatures  and  commu- 
tating fields  of  the  generator  carry  slightly  less  current, 
the  difference  being  supplied  to  the  motor  by  plant  A. 

TABLE  I— MOTOR  RATINGS  WITH  FULL  FIELD 


One   hour    

Continuous,  with  forced 

ventilation 

Continuous  with  natural 

ventilation ] 


The  booster  carries  the  same  current  as  the  generator, 
and  supplies  voltage  sufficient  to  overcome  all  the  RI 
drops.  The  generated  e.m.f.  of  both  the  motor  and  the 
generator  is  the  same,  since  the  fields  and  speeds  are 
the  same,  and  hence  the  core  losses  and  friction  and 
windage  losses  are  practicall_v  the  same.  The  gear  and 
axle  bearing  losses  of  the  motor  and  generator  are  also 
practically  the  same.  This  scheme  of  testing  gives  all 
the  losses  in  the  two  machines,  which  can  be  easily 
segregated  and  properly  divided  between  motor  and 
generator.  Since  all  the  losses  can  be  measured  directly 
this  method  gives  very  reliable  test  results. 
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FIG.    3 — MOTOR    CHARACTERISTIC    CURVES 

When  the  external  blowers  are  not  running,  high 
continuous  capacity  is  obtained  by  a  draft  of  air  drawn 
through  the  motors  by  fans  on  the  pinion  end  of  each 
armature,  as  shown  in  Fig.  6.  Air  enters  the  motor 
through  an  inlet  on  top,  which  is  on  the  center  line  of 
the   truck   when   the   motors   are   mounted.     It    passes 


through  a  short  [lassage  to  the  commutator  end  of  the 
motor  and  then  down  into  the  interior,  passing  back 
toward  the  pinion  end  in  parallel  paths  through  the 
armature  coils,  air-gaps  and  spaces  between  the  field 
coils  to  the  fans  at  the  rear,  from  which  it  is  thrown  out 
through  circumferential  openings  in  the  pinion  end  of 
the   frame.     These  openings   are  protected   from   snow 


FIG.    4 — MOTORS   .\SSEMI1LED   FOR   LOADl.NG  DACK   TESI 

and  water  by  adequate  covers.  The  natural  ventilation 
is  so  good  that,  when  starting  cold,  the  motors  can  oper- 
ate without  the  external  blowers  for  two  hours  at  their 
r.-ited  continuous  load  with  forced  ventilation;  and  they 
will  operate  continuously  without  the  external  blowers 
at  70  percent  of  this  load,  so  that  the  blowers  will  not 
be  required  except  for  short  periods  on  the  heavier 
grades. 

The  use  of  twin  armature  motors  makes  it  possible 
to  limit  the  maximum  voltage  per  armature  to  750  vclts, 
giving  1500  volts  per  motor,  with  at  least  two  motors 
always  connected  in  series  on  the  3000  \olt  line.     The 


fIG.   5 — DIAGRAM    llF   TEST  CONNECTIONS 

commutating  and  flashing  characteristics  of  the  750  volt 
armatures  are  inherently  good.  As  shown  in  Fig.  6  the 
armature  is  of  the  standard  railway  motor  type.  .The 
armature  spider  and  pinion  end  bell  are  made  in  a  single 
casting,  into  which  the  forged  steel  shaft  is  pressed,  so 
that  it  can  be  removed  for  replacement  without  disturb- 
ing the  armature  windings.  The  armature  core  is  bal- 
anced before  the  commutator  or  fan  is  applied.  The 
fan  and  commutator  are  balanced  independently  before 
being  applied  to  the  core.  There  are  205  commutator 
bars  on  each   armature  gi\ing  a   low  voltage  between 
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bars.     The  thickness  of  the  mica  between  bars  is  0.04 
inches. 

There  are  four  main  and  four  commutating  field 
poles  and  coils  per  armature,  the  coils  being  wound 
from  copper  strap  insulated  between  turns  with  asbes- 
tos.    The    commutating    coils    ;ire    iii^iil.ilcil    fnr    line 


Fin.  6 — I'lNiu.N  Kxn  a.\u  com.mut.vtor  enu  of  armature 
voltage,  but  the  main  coils  are  always  on  the  ground  side 
and  are  insulated  for  only  one-half  line  voltage.  The 
insulation  around  the  field  coils  is  of  mica  with  a  protec- 
tive covering  of  heavy  cotton  tape.  All  the  coils  are 
vacuum  impregnated  with  a  heat  conducting  and  water 
proof  compound. 

The  air-gap  of  the  motor  is  proportioned  to  give  a 
steep  speed  curve  so  that  it  is  necessary  to  shunt  only 
one-third  of  the  main  field  turns  to  obtain  the  maximum 
speed  desired  with  a  full  tonnage  train  on  a  level 
track.  The  inductive  shunts  used  in  shunting  the  fields 
are  designed  to  keep  the  proper  proportion  of  the  cur- 
rent in  the  fields  under  conditions  of  varying  current 
due  to  fluctuating  line  voltage.  By  using  a  laminated 
iron  core  with  an  air-gap,  the  size  of  the  shunts  is 
kept  down,  and  at  the  same  time  their  inductive  char- 
acteristics are  made  to  correspond  to  the  field  coils,  the 
inductance  of  which  is  reduced  due  to  eddy  currents  in 
the  solid  frame  during  rnpifl  rlvni'jc"  of  mrrent. 


FIG.    7— COM  MITATOK    KNI)   OK    .M  A I  X    MOTORS 

In  addition  to  the  advantage  of  low  voltage  per 
armature  which  is  obtained  by  using  the  twin  armature 
motors,  other  desirable  features  are  also  gained.  These 
can  best  be  understood  bycomparing  the  twin  armature 
motor  with  a  single  armature  motor  of  twice  the  arma- 
ture diameter,  running  at  one-half  the  speed  and  having 


twite  the  number  of  poles.  With  such  a  motor  two 
gears  would  be  used,  and  every  inch  added  to  the  total 
gear  face  would  have  to  come  off  the  armature  core 
length.  To  compensate  for  this  reduction  in  length,  a 
large  diameter  would  have  to  be  used,  greatly  increasing 
the  weight.  Even  with  only  double  the  diameter,  such  a 
motor  would  occupy  so  much  vertical  space  thai  it 
would  raise  the  cab  deck  and  allow  less  room  for  ap- 
paratus in  the  cab,  so  that  the  single  larger  motor  would 
result  in  a  longer  and  heavier  cab.  While  the  weight 
of  the  active  material  in  the  motor  would  be  approxi- 
mately the  same,  since  it  varies  approximately  as  the 
diameter,  the  weight  of  the  inactive  material  would  be 
much  greater,  since  it  varies  approximately  with  tKe 
square  of  the  diameter,  hence  the  weight  of  a  single 
armature  motor  would  be  greater.  The  inertia  effect  on 
the  quill  springs  of  the  single  armature  motor  would  be 
greater,  both  because  of  the  relatively  greater  weight, 
and  because  the  radius  of  gj-ration  would  be  relatively 
greater,  since  the  bulk  of  the  weight  of  the  armature  is 
near  the    surface.     The   single   armature   motor,   being 


/ 


FIG.  8 — ARMATURE  COIL 

wound  for  1500  volts,  would  have  twice  as  many  com- 
mutator bars  between  brushholders.  As  the  brush- 
liolders  would  be  the  same  distance  apart  as  on  the  twin 
■  irmature  motor,  the  commutation  bars  on  the  single 
armature  would  be  much  thinner  thereby  increasing  the 
tendency  to  flash.  Furthermore  the  single  armature 
motor  would  require  a  multiple  winding,  with  cross  con- 
nections, and  it  would  hence  be  necessary  to  keep  the 
.lir-gaps  nearly  uniform  under  all  the  poles.  The  mul- 
tiple winding  would  require  a  two-turn  armature  coil, 
which  would  be  less  substantial  than  the  single  turn 
open  coil  of  the  two  circuit  winding. 

From  the  above  it  can  be  seen  that  the  twin  arma- 
ture motor  has  many  advantages  over  the  single  arma- 
ture motor.  The  savings  in  weight  and  cab  space  alone 
are  suflicient  to  justify  it.  From  the  longitudinal  sec- 
tion shown  in  Fig.  9  it  can  be  seen  that  the  length  of 
core  would  be  reduced  if  the  total  gear  face  were  in- 
creased, which  is  obviated  by  the  use  of  two  pinions  on 
the  twin  armature  motor. 
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The  armature  coil  used  in  the  twin  armature  motor 
is  shown  in  Fig.  8.  It  consists  of  five  single  coils,  each 
having  a  single  turn  of  two  straps  in  parallel  and  the 
complete   coil   is   entirely   insulated  with  mica,  with  a 


FIG.    Q — LOXGITUDIXAL    SECTION    THROUGH    MAIN    MOTOR 

final  taping  of  strong  cotton  tape,  before  being  applied 
to  the  armature  core.  After  being  wound,  the  arma- 
ture is  dipped  in  insulating  varnish  and  baked  several 
times.  The  armature  diameter  is  26  inches  and  the 
length  of  the  core  is  13.5  inches  while  the  gear  face  is 
SIX  inches.  The  weight  of  the  motor  complete  with 
gear,  pinions,  gear  case,  hearing;;,  quills  and  details  is 


FIG.    10 — MAIN    MOTOR    FRAME 

Showing  brushholders  and  field  coils. 
25,400   pounds,   giving   a    remarkably   low    weight    per 
horse-power. 

There  are   four  brushholders   per  armature,   each 


carrying  three  ^g  by  i^  inch  carbons.  As  shown  in 
Fig.  10  the  brushholders  support  consists  of  a  block 
into  which  are  pressed  insulating  pins,  onto  which  the 
insulation  is  moulded  and  machined  to  exact  size.  The 
portion  of  the  insulating  pin  extending  beyond  the  block 
is  surrounded  by  a  porcelain  bushing,  which  gives  a  long 
creeping  surface  to  ground.  The  accessibility  of  mo- 
tor parts,  such  as  brushholders  and  bearings  is  good. 
It  is  possible  to  inspect  and  remove  carbons  from  si.x  of 
the  brushholders  per  motor  from  the  cab.  The  other 
two  brushholders  can  be  inspected  from  beneath,  with- 
out, however,  the  necessity  of  using  a  pit.  The  spring 
support  of  the  motors  eliminates  the  direct  shocks 
which  are  received  from  the  rail,  and  the  location  above 
the  axles  permits  better  protection  of  the  motors  from 
snow,  water,  dirt  and  roadbed  obstructions. 

One  of  the  special  features  t'.i  the  motor  is  the  sub- 
stantial steel  frame,  made  in  one  solid  casting,  and  the 


FIG.    II — GEAR   CASE 

large  and  substantial  bearings.  The  pinion  end  arma- 
ture bearings  are  6.25  by  11.25  inches  and  the  commu- 
tating  end  armature  bearings  are  5.25  by  7.75  inches. 
The  quill  bearings  are  15  inches  in  diameter  by  12 
inches  long.  The  gear  ratio  is  24  by  89  with  1.75  dia- 
metral pitch.  The  gear  face  is  6  inches  and  the  clear- 
ance under  the  gear  case  with  68  inch  wheels  is  6J^ 
inches.  The  upper  and  lower  parts  of  the  gear  case  are 
shown  in  Fig.  1 1. 

These  locomotive  motors  are  of  large  capacity  for 
their  weight  and  size.  They  are  efiicient,  have  good 
electrical  characteristics,  are  economical  in  weight  and 
very  rugged  in  construction.  Their  performance  in 
actual  service  has  been  verv  creditable. 


The  Protection  of  Iron  from  Corrosion 


Leon  McCllloch 


II'  MEANS  were  not  taken  for  protecting  iron  from 
rust  and  corrosion  under  most  conditions  of  ser- 
vice, this  metal  could  not  long  endure,  for  the  ac- 
tion of  air  and  water  would  cause  it  to  return  to  its 
original  oxide  state.  An  enormous  amount  of  research 
has  been  done  to  discover  ways  of  treating  or  allowing 
iron  to  make  it  more  resistant  to  corrosive  agents,  and 
also  to  devise  suitable  methods  of  protecting  it  with 
coatings.  The  conclusion  has  been  reached  that  the 
purer  iron  is  made,  the  better  does  it  resist  atmospheric 
corrosion.  Electrolytic  iron,  ingot  iron  and  wrought 
iron  are  more  resistant  than  iron  higher  in  carbon.  Re- 
cent experiments^  indicate  that  the  resistance  of 
wrought  iron  is  due  to  its  purity,  and  not  to  its  included 
oxide  or  slag,  as  was  formerly  supposed.  Gases  oc- 
cluded in  steel-  are  believed  to  render  it  more  easily 
corroded.  On  the  other  hand,  the  addition  of  a  small 
percent  of  copper  to  steeP  has  resulted  in  an  increased 
resistance.  Although  there  is  a  difference  in  the  case 
v.'ith  which  the  commercial  forms  of  iron  and  steel  cor- 
rode in  the  atmosphere,  none  of  them  are  resistant 
enough  to  be  used  without  pro'ective  coatings. 

THE  LESS  CORROSIVE  IRON  ALLOYS 

There  are,  however,  alloys  of  iron  which  are  more 
non-corrosive  than  iron  itself  and  which  have  fields  of 
usefulness,  limited  by  their  resistance  to  corrosive 
agents,  by  their  physical  properties  and  by  their  cost. 
Certain  elements  which,  when  present  in  small  quanti- 
ties, accelerate  corrosion,  in  larger  percentages,  form 
non-corrosive  alloys.  Among  these  are  carbon  and 
silicon. 

Carbon  steel  is  more  easily  corroded  than  pure  iron, 
yet  cast  iron  lasts  for  years  where  pure  iron  would  be 
destroyed.  It  is  particularly  useful  for  service  under- 
ground.    It  is  also  used  for  containers  for  strong  acids. 

A  small  amount  of  silicon  causes  steel  to  corrode 
very  rapidly,  yet  high  silicon  iron  is  practicallj'  acid- 
proof,  and  is  being  very  widely  used  for  equipment  in 
chemical  plants.  It  has  the  disadvantage  of  being  quite 
brittle  and  so  hard  that  it  cannot  be  machined,  but  fit- 
tings are  made  by  grinding. 

Alloys  of  iron  and  chromium  are  peculiarly  resist- 
ant. The  14  percent  alloy  known  as  "stainless  steel" 
remains  bright  indefinitely  under  severe  exposure,  and 
is  attacked  only  by  strong  acids  and  by  electrolysis. 

The  nickel  and  manganese  steels  not  only  have  ex- 
cellent mechanical  properties  but  also  resist  corrosion. 
It  is  said  that  in  general  those  alloys  in  which  iron  is 
present  in  the  austenitic  or  non-magnetic  state  are  un- 
usually resistant. 

Since  the  less  corrosive  alloys  cannot  be  generally 
used,  protection  must  usually  be  secured  by  means  of 
coatings.     These  may,  for  convenience,  be  divided  into 


classes,  of   which   the   first 
metallic  coatings. 


to  be   considered   are   the 


METALLIC    COATINGS 

Zinc,  of  all  the  metals,  has  been  most  generally  and 
successfully  used  for  the  outdoor  protection  of  iron. 
Tin  is  the  only  metal  which  has  rivalled  it.  Zinc  is 
easily  soluble,  even  in  weak  acids,  while  tin  is  almost 
insoluble.  Tin  is  consequently  used  for  coating  house- 
hold utensils  and  containers  for  food.  Zinc  is  very  re- 
sistant to  exposure  in  the  atmosphere.  Sheet  zinc  is  an 
excellent  roofing  material.  It  protects  itself  agamst 
corrosion  by  forming  insoluble  zinc  compounds  upon  its 
surface.  When  used  as  a  coating  for  iron,  zinc  not  only 
protects  itself,  but  also  by  electrolytic  action  prevents 
exposed  iron  from  going  into  solution;  and  deposits 
the  insoluble  zinc  compounds  also  over  the  surface  of 
the  iron.  In  this  way  the  breaks  in  a  zinc  coating  heal 
themselves,  while  breaks  in  a  coating  of  tin  cause  rapid 
pitting  and  destruction  of  the  iron  beneath.  Tinning  is 
valuable  as  a  protection  for  sheet  iron  during  storage 
and  is  an  aid  in  soldering,  but  for  outdoor  use  tinned 
iron  must  be  painted.  Tinned  household  utensils  are 
usually  heavily  coated,  but  these  must  be  kept  dry  when 
not  in  use  or  they  soon  rust  through.  Tin  cans,  al- 
though given  a  very  thin  coating  only,  do  not  rust  on  the 
inside  after  sealing  because  the  air  is  excluded. 

Although  zinc  coatings  are  very  resistant  under 
ordinary  atmospheric  exposure,  there  are  conditions  un- 
der which  they  are  rapidly  destroyed.  Thus  they  do 
not  resist  waters  containing  acids,  acid  fumes  or  am- 
monia; they  are  rapidly  destroyed  by  hot  water  in  pres- 
ence of  air;  their  life  is  apt  to  be  short  when  buried  in 
the  soil. 

There  are  three  practical  methods  of  applying  zinc 
to  iron : — by  hot  galvanizing,  by  Sherardizing  and  by 
electrogalvanizing. 

The  hot  galvanized  coating  is  made  by  dipping  the 
iron  into  molten  zinc  in  an  iron  tank.  Upon  the  sur- 
face of  the  iron  an  alloy  of  iron  and  zinc  forms,  which 
is  high-melting,  hard  and  brittle.  To  this,  on  removal 
from  the  bath,  a  thin  film  of  melted  zinc  adheres  and 
crystallizes  on  cooling  into  the  familiar  spangles  of  gal- 
vanized iron.  When  wire  is  galvanized,  the  excess 
melted  zinc  is  removed  by  w-iping  through  sand.  On 
sheets  and  other  articles  the  excess  is  usually  allowed 
to  drain  away.  The  thickness  of  the  coating  depends 
upon  the  temperature  of  the  zinc,  the  time  of  immer- 
sion, the  size  and  nature  of  the  iron,  etc.  The  thick- 
ness of  coatings  thus  varies  greatly  from  time  to  time 
and  on  different  materials. 

Hot  galvanizing  is  probably  the  most  expensive  of 
the  three  methods  of  applying  zinc.  It  is  not  economi- 
cal where  there  is  work  to  be  treated  only  occasionally, 
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s;nce  the  bath  must  be  kept  hot  continually.  Several 
days  are  required  to  heat  up  a  large  galvanizing  kettle 
without  overheating  its  iron  bottom  and  forming  holes 
by  the  solvent  action  of  the  zinc. 

The  hot  galvanizing  method  is  best  suited  for  treat- 
ir.g  telegraph  and  fence  wire,  cables,  sheet  iron,  tanks, 
pipes,  large,  heavy  and  rough  objects.  It  is  not  suued 
for  coating  screws  and  nuts,  because  the  threads  would 
bt  filled  up  and  require  re-threading.  These,  and  other 
small  and  irregular-shaped  articles,  where  there  are 
close-fitting  parts,  and  a  smooth  finish  and  neat  appear- 
ance are  desired,  should  either  be  Sherardized  or  elec- 
trogalvanized.  Sherardizing  is  perhaps  the  cheaper  of 
the  two.  It  has  a  great  advantage  over  the  hot  galvan- 
izing process,  where  the  work  comes  through  in  inter- 
mittent lots,  in  that  the  drums  or  furnaces  need  be 
heated  only  while  the  treating  is  being  done.  In  the 
Sherardizing  process  interior  and  exterior  parts  are 
coated  equally  well.  Pipes  may  be  coated  inside  as  well 
as  out.  It  is  thus  particularly  suited  for  objects  of  ir- 
regular shape. 

The  electrogalvanizing  method  is  best  suited  for  ob- 
jects without  deep  recesses  and  for  production  in  large 
quantities  by  automatic  machines  or  in  drums.  This 
method  must  be  used  for  very  delicate  parts  which 
would  be  injured  by  tumbling,  and  for  steel  which  would 
be  injured  by  the  Sherardizing  temperature.  The  elec- 
trically-deposited coating  is  superior  for  parts  which 
must  make  electrical  contact,  such  as  carbon  brush- 
holders  and  other  electrical  devices. 

In  the  Sherardizing  process,  the  iron  to  be  coated 
is  placed  in  a  drum  with  impure  zinc  dust,  rotated  slowly 
and  heated  at  a  temperature  below  the  melting  point  of 
zinc.  A  trace  of  the  zinc  vaporizes,  and  saturates  the 
atmosphere  of  the  drum  with  zinc  vapor.  This  vapor 
then  combines  with  the  iron  to  form  a  layer  of  zinc- 
iron  alloy  upon  the  iron  surfaces,  and  more  zinc  vapor- 
izes to  take  its  place  in  the  atmosphere.  The  coatinj  of 
zinc-iron  alloy  is  hard  and  brittle  and  continues  to  grow 
in  thickness,  forming  as  the  scale  does  upon  red-hot 
iron.  There  is  an  increase  in  dimension  for  which  al- 
lowance must  be  made.  Zinc  does  not  penetrate  the 
iron,  and  there  is  no  layer  of  pure  zinc  formed  at  the 
surface.  Coatings  deposited  by  the  electrolytic  method, 
on  the  other  hand,  consist  wholly  of  zinc  which  is  prac- 
tically pure. 

The  general  opinion  is  that  of  the  three  coatings, 
the  hot-galvanized,  Sherardized  or  electrogalvanized, 
for  a  given  weight  of  zinc,  the  protection  afforded  by 
the  three  is  about  equal.  The  quality  of  all  these  coat- 
ings on  the  market  varies  greatly,  depending  on  the  care 
exercised  in  the  processes.  With  Sherardizing  espe- 
cially careful  standardization  and  control  is  necesssarj'. 
The  composition  of  the  zinc  dust  and  the  temperature 
should  be  accurately  regulated. 

The  most  reliable  method  for  determining  the 
quality  of  a  zinc  coating  is  to  measure  the  weight  of 
zinc  upon  a  unit  area.  This  weight  should  not  be  less 
than  0.1 —  0.2  gram  per  square  inch.     It  mav  be  de- 


termined by  weighing  a  piece  of  measured  area  i<nd 
finding  its  loss  in  weight  when  the  coating  is  removed 
ir  a  solution  which  dissolves  zinc  but  not  iron.  Such 
a  solution  is  the  following: 

Ammonium  chloridL- — 30  grams 

Saturated  ammonia — lOo  c.  c. 

Water — 300  c.  c. 

A  metal  which  would  closely  rival  zinc  as  a  pro- 
tective coating  in  many  kinds  of  service,  if  it  could  be 
cheaply  applied,  is  lead,  since  en  account  of  its  low 
cost,  heavy  coatings  could  be  used.  The  electroplatmg 
of  lead  is  attended  with  difficulties.  Iron  is  not  readily 
coated  with  it  by  dipping,  since  lead  does  not  alloy  with 
iron.  In  the  manufacture  of  terne-plate,  tin  is  added  to 
the  lead  to  cause  adherence  to  iron.  By  a  recently  de- 
veloped process*,  iron  has  been  coated  with  lead  by  the 
use  of  a  flux  of  antimony  chloride.  Shingles  and  fence 
wire  treated  in  this  way  have  given  service  equal  to 
galvanizing  and  were  cheaper.  Heavily  lead-coated 
iron  should  give  excellent  protection  against  acids  and 
corrosive  vapors.  It  does  not  withstand  acetic  and 
other  organic  acids,  for  they  are  agents  in  its  conversion 
into  basic  lead  carbonate  or  white  lead. 

Copper  is  little  used  as  a  coating  for  iron  except  on 
work  that  is  to  be  nickel-plated.  Copper  plating  is  used 
occasionally  for  decorative  purposes,  to  match  the  color 
of  copper  parts,  or  to  give  iron  the  appearance  of  a 
better  material.  Steel  wire  is  sometimes  given  a  polished 
copper  finish  to  prevent  rusting  in  storage.  Copper- 
clad  steel  has  been  used  for  telegraph  wire,  but  has  not 
come  into  general  use.  This  steel  has  been  made  by 
drawing  down  an  ingot  of  iron  embedded  in  copper,  and 
also  by  electroplating.  Copper  coatings  are  usually 
finished  by  polishing,  and  are  lacquered  to  prevent  tar- 
nishing and  rusting  of  the  iron.  Electrolytic  coatings 
are  usually  porous  and  offer  little  protection  against 
moisture. 

Iron  may  be  plated  with  brass  from  a  solution  of 
copper  and  zinc  cyanides.  Care  is  required  to  maintain 
uniform  color  of  the  deposit. 

The  uses  of  nickel  plating  on  iron  are  numerous, 
but  nickel  coatings  are  of  little  protective  value  when 
the  conditions  are  severe.  These  coatings  are  always 
porous,  and  rusting  of  the  iron  causes  first  discoloration 
and  then  ultimately  the  destruction  of  the  coating. 
Nickel  plating  is  used  upon  stoves  and  electric  heaters 
v/here  the  temperature  is  somewhat  high.  Nickel  is 
net  ideal  for  this  use  since  it  readily  darkens  in  color. 
Cobalt  is  similar  in  appearance  to  nickel  when  plated, 
and  is  more  easily  deposited  electrolytically.  It  tar- 
nishes, however,  and  discolors  more  readily  than  does 
nickel. 

Chromium  may  with  care  be  deposited  upon  iron^. 
It  should  be  a  superior  substitute  for  nickel  for  use  at 
high  temperatures,  if  a  practical  process  of  plating  can 
be  evolved,  since  it  does  not  darken  in  color  as  does 
nickel  when  heated. 

Aluminum  cannot  be  deposited  successfully  from 
aqueous     solutions.      Coatings    of    an     aluminum-iron 
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alloy  are  formed  by  caloiizing,  ;.  process  similar  to 
bhcrardizing.  This  coating  is  used  to  protect  iron  from 
oxidation  at  temperatures  above  red  heat. 

VITREOUS  ENAMELS 

Besides  the  metallic  coatings,  there  are  others 
equally  important.  Among  chese  are  the  vitreous 
enamels.  These  are  not  only  used  for  household  uten- 
sils and  sanitary  fixtures,  but  also  for  a  variety  of  pur- 
poses such  as  for  table  tops,  signs,  stoves,  and  for  acid- 
resisting  linings  for  large  tanks  and  other  apparatus 
used  by  chemical  manufacturers.  The  materials  for 
these  enamels  are  ground  with  water  and  applied  as  a 
thin  slip  to  the  iron  to  be  coated.  After  drying,  the 
iron  is  heated  in  a  muffle  furnace  to  a  red  heat,  causing 
the  enamel  to  melt  and  flow  smoothly.  The  vitreous 
enamels  have  not  been  extensively  used  in  electrical 
manufacture,  for  the  process  is  an  expensive  one,  re- 
quiring special  equipment,  and  much  skill  is  required  to 
carry  it  on  successfully.  These  enamels  have  the  dis- 
advantage that  they  crack  un/ler  large  temperature 
changes.  Were  it  not  for  this,  they  might  be  used  as  a 
substitute  for  nickel  plating  where  the  temperatur:-  is 
high. 

CHEMICALLY-FORMED  COATINGS 

The  coatings  formed  on  iron  by  chemical  action 
with  its  surface  will  be  next  considered.  Such  are  the 
Costlett,  or  Parker,  and  the  various  oxide  coatings.  The 
use  of  oil  is  necessary  to  render  this  type  of  coating 
really  rust-resisting,  for  the  coatings  themselves  are 
porous  and  have  little  value  as  rust-preventives.  This 
type  of  coating  does  not  stand  long  exposure  to  the 
Vv'eather,  but  is  useful  where  moderate  protection  is 
required  and  a  thin,  attractive  finish  is  desired. 

The  Costlett  coating,  on  v/hich  the  Parker  is  an 
improvement,  is  the  most  resistant  coating  of  this  class. 
The  iron  is  immersed  for  a  few  hours  in  a  dilute  acid 
solution  of  ferrous  and  ferric  phosphates,  and  receives 
a  deposit  of  insoluble  iron  phosphates.  After  drying 
this  is  greenish  in  color,  but  when  oiled  it  forms  a  dead 
black  coating  which  is  thin  and  durable.  It  may  be 
applied  to  very  fine  and  delicate  parts. 

Another  method  of  producing  a  fine  dead-black 
finish  on  iron  was  patented  recently  by  Sestini  and 
Rondelli,  and  a  similar  process  several  years  ago  by 
Hollis.  The  iron  is  given  a  coating  of  magnetic  oxide 
by  electrolyzing  in  a  caustic  soda  solution  at  a  high  tem- 
perature, after  which  it  is  washed,  dried  and  oiled. 
This  finish  is  not  so  resistant  to  rusting  as  the  Parker 
coating,  but  its  appearance  is  very  attractive. 

An  older  method  of  securing  a  dead-black  finish  is 
the  Bower-Barff,  of  which  several  modifications  have 
been  patented.  The  iron  was  heated  to  redness  in  a 
chamber  into  which  steam  and  reducing  gases  were 
passed  to  form  magnetic  oxide.  The  coating  was  oiled 
tv.'  make  it  really  rust-resisting. 

When  iron,  having  a  clean  surface  is  heated  in  air, 
a   coating  of  •  oxide   forms  and  assumes   in   succession 


various  colors,  called  "temper  colors".  These  oxides 
render  the  iron  somewhat  resistant  to  rusting,  but  they 
must  usually  be  oiled,  lacquered,  or  varnished.  By  this 
means,  attractive  finishes  are  applied  to  small  articles, 
such  as  instrument  parts,  watch  springs  and  hands, 
tools,  parts  of  guns,  screws,  etc.  To  obtain  imiform  re- 
sults with  these  colors  the  metal  surfaces  must  be  clean 
and  the  heating  carefully  controlled. 

"Russian"  sheet  iron,  of  which  stoves  and  similar 
articles  are  made,  is  protected  with  a  glossy  blue-black 
oxide  coating.  This  iron  does  not  rust  readily  in  stor- 
age and  retains  its  attractive  appearance  when  heated. 
Most  commercial  sheet  and  structural  iron  is  protected 
more  or  less  from  rusting  by  coatings  of  oxide  or  mill 
scale. 

PAINTS  AND  SIMILAR  COATINGS 

The  most  widely  used  and  best  known  method  of 
protecting  iron  is  by  the  use  of  paints  and  similar  ma- 
terials. These  organic  coatings  have  the  advantage 
over  those  of  metallic  nature  in  that  they  are  readily 
applied,  and  usually  make  a  better  appearance.  They 
nmst,  however,  for  outdoor  use,  be  free  from  holes  or 
breaks.  Hence  they  are  not  suitable  for  coating  ma- 
terials of  iron  which  must  withstand  handling,  since 
their  soft,  weak  surfaces  would  be  injured  thereby. 
There  are  two  reasons  for  using  paints — to  protect  and 
to  decorate.  We  are  concerned  here  mainly  with  the 
protection  of  iron  for  service  out-of-doors,  indoors  or 
against  corrosive  chemicals.  For  service  indoors,  any 
oil,  paint  or  varnish  that  will  give  a  continuous  and  ad- 
herent covering  affords  ample  protection.  Considera- 
tions such  as  usage,  apearance,  ease  of  application  and 
cost  guide  in  the  selection  of  coatings  of  this  class. 
Where  resistance  to  chemicals  is  also  required,  such  as 
acid  or  alkaline  fumes  or  drippings,  the  paint  must  be 
selected  which  will  be  durable  under  the  given  condi- 
tions. For  this  service,  the  asphalt  and  coal  tar  paints 
are  the  most  resistant.  These  m;iterials  are  not  espe- 
cially permanent  in  service  out-of-doors,  for  they  harden 
and  become  weak  and  brittle  when  exposed  to  heat,  air 
and  sunlight.  Varnishes  or  japans  made  by  mixing  as- 
phalts with  oil  varnish  are  quite  serviceable  and  are 
widely  used  for  painting  iron  poles,  fences  and  parts 
of  machinery. 

The  varnish  or  japan  finishes  may  be  either  air 
dried  or  baked.  In  general  the  coatings  obtained  by 
baking  are  superior  not  only  in  hardness  and  toughness, 
but  in  endurance  under  exposure.  The  use  of  baking 
is  resorted  to  in  factories  to  speed  production  and  save 
space  that  would  be  required  for  the  slower  drying  at 
room  temperature. 

Paints  may  be  applied  either  by  brushing,  spraying, 
or  dipping.  Brushing  is  economical  in  material  but 
costly  in  labor.  For  spraying,  the  cost  of  labor  is  low, 
but  much  paint  is  wasted.  Dipping  is  saving  both  of 
labor  and  material. 

The  best  outdoor  paints  for  iron  are  probably  those 
composed  of  oils  and  pigments  suitably  combined  to 
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form  durable,  elastic  films  which  adhere  with  cement- 
like firmness  to  the  surface.  The  typical  and  most 
widely-known  paint  of  this  kind  is  the  mixture  of  red 
lead  and  linseed  oil  used  as  a  priming  coat  en  structural 
iron.  Paint  pigments  have  been  separated  into  groups, 
according  as  they  accelerate  or  inhibit  rusting,  or  are 
neutral,  when  they  are  placed  in  water  in  contact  with 
iron.  The  use  of  inhibitive  or  neutral  pigments  only  is 
recommended.  It  would  appear,  however,  that  of  more 
importance  is  the  permanence  and  adherence  of  the  film 
formed  by  the  union  of  the  pigment  with  the  oil. 

All  paint  films  are  more  or  less  permeable  to  both 
v/ater  and  oxygen.  But  by  their  close  adherence  to  the 
iron  they  prevent  rusting.  If,  however,  the  surface  to 
be  painted  is  rusted,  a  good  adherence  of  paint  and 
iron  is  not  obtained,  and  rusting  may  proceed  even  un- 
der the  paint;  for  the  presence  of  rust  causes  rusting 
t:-  continue.  The  following  explanation  will  make  clear 
the  reason  for  this  : — 

Suppose  an  iron  surface  is  in  water  containing 
oxygen  and  salt  in  solution.  For  various  reasons  there 
are  slight  potential  differences  over  the  surface,  which 
cause  electric  currents  to  flow  from  certain  parts  to 
other  parts.  As  a  result  of  this  electrolysis,  this  reac- 
tion takes  place : — 

Fc  -"'  _'  XaCl  -f  jH:0  =  Fed,  +  2  NaOH  +  H, 

The  NaOH  formed  may  be  washed  away  by  the 
vvater.  The  ferrous  chloride  is  oxidized  to  form  fer- 
ric chloride  and  iron  hydroxide  or  rust,  which  adheres 
to  the  surface  and  holds  there  the  ferric  chloride. 
This  takes  iron  into  solution  to  form  ferrous  chloride 
again.  These  reactions  repeat  themselves  indefinitely. 
Ferric  chloride  held  by  the  rust  is  very  hygroscopic,  re- 
tains water  and  causes  rusting  -.0  continue.  The  result 
1.-.  a  pitting  of  the  iron  and  an  accumulation  of  rust. 

For  these  reasons  rust  upon  iron  acts  to  promote 
further  rusting,  and  should  be  removed  before  applying 
protective  paints.  For  rust  prevents  the  close  adher- 
ence of  paint  to  iron,  and  rusting  is  permitted  to  con- 
tmue  by  the  slow  diffusion  of  water  and  oxygen  through 
the  paint  film.  The  reriioval  df  rust  is  best  done  me- 
chanically, as  by  wire-brushing  or  sandblasting.  The 
use  of  acids  should  be  avoided,  since  iron  salts  left  in 
the  pores  of  the  metal  are  only  with  difficulty  removed 
and  may  cause  rusting  underneath  the  paint. 

PIPES  AND  BOILERS 

There  are  places  where  iron  must  be  used  without 
any  protective  coating,  since  there  is  no  practical  coat- 
ing which  is  sufficiently  durable.  .Such  are  the  interiors 
of  water  and  steam  pipes,  heaters,  boilers  and  con- 
densers. Corrosion  in  such  cases  may  be  minimized  by 
the  removal  of  oxygen  from  the  water  and  the  neutrali- 
zation of  acids.  Oxygen  may  be  removed  from  water 
by  heating  to  near  the  boiling  temperature.  It  may  also 
be  removed  by  passing  the  water  through  a  tank  con- 
taining expanded  sheet  metal  stacked  closely  together 
to  expose  a  large  surface  of  iron  to  the  water.     .Steam 


heating  systems  should  be  kept  free  of  air  or  rapid  cor- 
rosion will  occur. 

Attempts  have  been  made  to  protect  boilers  and 
condensers  electrolytically  by  immersing  plates  of  zinc 
in  electrical  contact  with  the  iron.  This  method  of  pro- 
tection is  only  partially  successful,  for  much  of  the 
iron  surface  is  too  far  removed  from  the  zinc  to  be 
under  its  protection.  The  same  weakness  is  inherent 
in  the  Cumberland  electrolytic  method",  used  on  British 
ships  for  the  protection  of  condensers,  in  which  current 
is  passed  from  immersed  iron  plates  to  the  surfaces  to 
be  protected. 

Iron  underground  or  embedded  in  concrete  may  be 
subject  to  rapid  corrosion  by  electrolysis  from  stray 
currents.  Work  done  on  electrolysis  by  the  Bureau  of 
Standards'  shows  that  to  determine  the  danger  of  elec- 
trolysis it  is  essential  to  know,  not  simply  the  voltage 
drop,  but  the  current  that  flows  from  the  iron  to  the 
earth.  For  the  soil  resistance  varies  so  largely  that  a 
measurement  of  voltage  does  not  indicate  necessarily 
the  extent  of  the  electrolysis.  The  really  effective 
means  of  preventing  electrolysis  is  by  proper  construc- 
tion of  electrical  circuits.  Temporary  or  partial  relief 
may  be  had  by  use  of  pipe  coverings,  insulated  joints, 
and  pipe  drainage. 

PROTECTION   DURING   MANUFACTURE   AND   STORAGE 

In  conclusion  some  of  the  means  used  temporarily 
u)  protect  iron  from  rusting  during  process  of  manufac- 
ture, storage  and  shipment  will  be  mentioned. 

Iron  that  has  been  cleaned  with  acids  will  rust  on 
exposure  to  the  air,  unless  a  protective  coating  is  ap- 
plied. Rusting  may  be  prevented  until  it  is  convenient 
tc  apply  the  coating  by  immersing  the  iron  in  still  water. 
Running  water  contains  oxygen  and  causes  rustmg. 
Better  protection  is  afforded  by  immersion  in  lime  water 
or  caustic  soda.  The  alkali  precipitates  the  iron  salts 
hi  the  pores  of  the  metal  and  makes  it  possible  to  dry 
without  the  formation  of  rust.  In  an  alkaline  solution 
of  sodium  dichromate  bright  steel  is  preserved  in- 
definitely. 

Clean  iron  soon  rusts  in  storage.  This  may  be 
prevented  by  washing  the  surface  with  dilute  phosphoric 
acid  and  drying.  The  metal  may  then  be  stored  with- 
out rusting  until  a  finish  is  applied.  It  is  not  necessary 
t"  remove  the  phosphates  before  painting. 

Tools  and  parts  of  machines  must  be  protected  dur- 
ing storage  and  shipment.  Vaseline  is  commonly 
used  for  this.  Soft  asphaltic  varnishes  which  are 
easily  removed  with  solvents  may  be  used  for  heavy 
machinerj'  and  afford  excellent  protection.  A  solution 
of  tallow  in  turpentine  gives  a  vtxj  good  rust-proof 
coating  to  small  iron  parts. 

.'-\rticles  for  household  use,  when  soft  grease  would 
be  objectionable,  may  be  coated  with  beeswax  or  paraf- 
fin, On  heating  the  apparatus,  these  cause  little  smoke 
or  blackening  when  heated  for  the  first  time. 
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Ch.arles  W.  D.wis  and  Donald  M.  Simons 
Standard  Underground  Cable  Company 


SIA  l-'RAL  arlicles  published  during  the  past  three 
\ears  have  maintained  that  the  limiting  feature 
in  the  operation  of  high  voltage  cables  is  the 
niaxinium  voltage  stress;  and  furthermore  that  if  this 
maximum  stress  exceeds  a  value  of  about  19.5  kilovolts 
per  centimeter  in  coinmercial  cable  as  made  today,  the 
cable  will  fail  in  a  relatively  short  time.* 

It  is  of  the  utmost  iinportance  to  cable  users  and 
manufacturers  alike  to  know  whether  or  not  such  limi- 
tations exist ;  and  it  is  the  purpose  of  this  paper  to  throw 
light  upon  the  subject  from  other  data.  The  authors 
wish  to  express  their  adiniration  for  the  general  excel- 
lence of  the  articles  they  propose  discussing;  and  it  is 
hoped  that  no  criticism  here  offered  will  be  construed  as 
intended  to  detract  from  their  value. 

The  position  referred  to  briefly  above  is  based  on 
the  fact  that  commercial  insulation  as  at  present  manu- 
factured contains  air  or  gas  bubbles,  and  these  bubbles 
break  down  (so  it  is  stated)  whenever  the  stress  in  the 
solid  insulation  surrounding  the  bubbks  exceeds  about 
21  or  22  kv  per  cm.  The  breakdown  of  these  air  bubbles 
is  accompanied  by  the  phenomenon  of  ionization,  or  in- 
ternal corona,  and  the  effect  of  this  ionization,  either 
due  to  heating  or  cheinical  action,  is  so  to  shorten  the 
life  of  the  cable  that  it  will  fail,  so  it  is  stated,  within  a 
period  of  from  six  months  to  six  years,  if  it  is  operated 
above  this  stress.     (.See  Appendix  A). 

A  reasonable  interpretation  of  the  theory  presented 
in  these  earlier  papers  is  that  the  lower  time  limit  of 
six  months  applies. to  cables  operated  well  above  the 
ionization  stress,  and  thus  with  ionization  present  in 
large  degree;  and  the  higher  time  limit  of  six  years  to 
cables  operated  only  slightly  above  ionization  stress  and 
thus  with  ionization  present  in  relatively  small  degree. 

Possibly  the  best  method  to  check  the  correctness 
of  these  conclusions  is  to  consider  cables  in  opera- 
tion. This  method  of  approaching  the  problem  in- 
volves, first  a  method  of  determining  accurately  the  lo- 
cation and  value  of  maximum  stress  in  a  three-conduc- 
tor cable  when  operated  under  three-phase  pressure. 
Second,  an  extensive  statistical  record  of  three-conduc- 
tor cable  installations,  which  must  be  sufficient  to  allow 
the  calculation  of  the  stresses,  and  to  tell  how  long  the 


*Clark  &  Shanklin,  Proc.  of  A.  I.  E.  E..  Tunc  1017.  Shanklin 
&  Matson,  Proc.  of  A.  I.  E.  E..  February  loiq.  Clark  S:  Shank- 
lin, Proc.  A.  I.  E.  E.,  June  1919. 


cables  have  been  in  service.  Such  records  are  avail- 
able and  we  are  now  able  to  calculate  the  stresses  in 
three-conductor  cables  operating  under  three-phase 
voltage. 

The  maximum  voltage  drop  per  unit  thickness  in 
single  conductor  cables  occurs  at  the  surface  of  the  con- 
ductor; and  the  value  of  this  stress  may  easily  be  cal- 
culated. There  does  not  seem  to  be  any  easily  applied 
analytical  method  of  determining  the  location  of  the 
point  of  maximum  stress  in  three-conductor  cables  and 
the  value  of  such  maximum  stress.  (See  Appendix  B). 
It  occurred  to  the  writers  that  an  experimental  method 
could  be  made  to  yield  the  desired  results  and  in  1913, 
they  were  able  to  show  froin  experiments  that  for  such 
distribution  of  insulation  as  is  ordinary  in  three-core 
cables,  the  ma.ximum  stress  under  three-phase  voltage 
occurs  at  the  surface  of  the  conductor  and  at  that  point 
on  the  conductor  surface  which  is  nearest  the  axis  of 
the  cable.  It  remained  for  Mr.  R.  W.  Atkinson  to  re- 
fine these  methods  of  experimentation*,  and  simplify  the 
ir.ethods  of  determining  these  stresses  over  a  wide  range 
of  insulating  thicknesses  and  conductor  sizes.  His  re- 
fined method  consists  in  calculating  the  stress  of  an 
equivalent  single-conductor  cable,  whose  conductor  is 
of  the  same  size  as  that  of  the  triplex  cable,  and  whose 
insulation  thickness  is  equal  to  the  distance  between  the 
conductor  surface  and  the  center  of  the  cable.  A  final 
correction  factor  must  then  be  applied,  depending  upon 
the  relative  dimensions  of  the  triplex  cable.  In  calcu- 
lating stress,  we  have  made  no  allowance  for  the  curva- 
ture of  the  fine  wires  composing  the  strand.  The  stresses 
were  calculated  as  if  the  cable  was  composed  of  sinooth 
round  conductors  of  the  same  diameter  as  that 
of  the  stranded  conductor.  If  any  allowance  was  made 
for  the  stress  due  to  stranding,  the  stresses  shown  in  the 
tables  would  have  been  slightly  higher,  and  therefore 
the  figures  shown  are  soinewhat  conservative.  All  cal 
culations  are  expressed  in  terms  of  the  effective  value 
of  a  sine  wave. 

Applying  the  results  of  the  experimental  method 
of  determining  stress,  the  maximum  stress  correspond- 
ing to  the  operating  voltage  has  been  calculated  in  a 

♦The  methods  and  results  are  shown  by  Mr.  Atkinson  in 
his  paper,  A.  I.  E.  E.,  June  1919.  only  a  portion  of  which  is 
confined  to  the  determinatioin  of  stresses  in  three-conductor 
cables  under  three-phase  voltages. 
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large  number  of  existing  cables.  It  was  found  that  a 
gieat  many  cables  have  operated  at  higher  stresses  than 
19.5  kv  for  longer  periods  of  time  than  six  years.  A 
number  of  these  cables  (taken  from  a  list  that  now 
cbvers  about  200  different  installations)  with  the  impor- 
tant data  relating  thereto  are  described  in  Table  I. 
From  the  data  given,  it  appears  that  these  cables  have 
not  failed  from  ionization  at  these  high  stresses  as  pre- 
dicted, for  one  or  more  of  the  following  reasons : — 

o — No  ionization  was  present,  due  to  the  fact  that  these 
cables  are  substantially  different  from  those  described  and 
tested  by  the  authors  of  the  earlier  papers,  in  that  their 
insulations  do  not  have  air  bubbles  in  them  sufficiently  thick 
to  break  down  at  stresses  as  low  as  19.5  kv  per  cm. ;  or, 
b — If  ionization  was  present  at  any  time  in  these  cables, 
that  its  effect  was  not  so  harmful  as  w-as  predicted;  or, 

c — That  an  ageing  effect  rapidly  raises  the  stress,  at 
which  ionization  begins,  far  above  such  low  values  as  19.5 
kv  per  cm. 

It  is  possible  also  that  failure  in  any  such  short  i;me 
as  referred  to  above  requires  not  merely  that  ionization 
should  be  present,  but  that  it  should  exist  in  such  degree 
that  the  energy  represented  by  the  concentration  at  a 
given  point  shall  be  of  very  considerable  amount. 

Cables  are  described  in  Table  I  which  have  op- 
erated at  stresses  above  19.5  kv  per  cm  for  periods  of 
time  of  five  years  or  longer.  In  most  cases  it  is  known 
that  up  to  June,  1920,  these  cables  had  operated  for  the 
period  stated  at  the  given  stress,  although  it  has  not 
been  possible  to  learn  as  much  in  all  cases,  especially 
as  regards  the  foreign  cables. 

Among  the  most  interesting  cables  in  the  list  are 
the  30  000  volt,  triplex  paper  cables  of  the  Berlin  Elec- 
trical Works.  It  is  understood  that  these  cables  have 
operated  successfully  for  nine  years  with  a  maximum 
stress  of  34.4  kv  per  cm.  Others  are  the  paper  cables 
of  the  St.  Paul  Gas  Light  Company  operating  at  32  kv 
per  cm.  for  20  years,  and  still  in  operation.  Note- 
worthy also  is  the  cable  of  the  Montreal  Light,  Heat  & 
Power  Company  which  has  operated  for  18  years,  al- 
though the  maximum  stress  here  is  but  23.5  kv  per  cm. 
Possibly  the  most  interesting  cables  are  the  single  con- 
ductor cables  of  the  Prussian-Hessian  State  Railways. 
The  maximum  stress  in  one  of  these  cables  is  42.0  kv 
per  cm.  Information  has  been  received  that  they  both 
operated  to  the  end  of  1917  when  they  were  removed 
for  war  reasons,  having  operated  alternate  weeks. 

The  authors  of  the  earlier  papers  under  discussion 
speak  of  this  last  mentioned  installation  as  an  experi- 
ment, and  seem  to  imply  that  if  the  experiment  proves 
successful,  it  will  be  because  the  cable  operated  at 
16-2/3  cycles  and  with  a  current  only  2.4  percent  of 
full-load  current.  The  obvious  inference  to  be  drawn 
from  this  is  that  the  coolness,  or  low  operating  tempera- 
ture, of  the  cable  might  in  some  way  operate  to  prevent 
the  occurrence  of  any  injurious  amount  of  ionization, 
or  might  nullify  its  effect.  It  seems  important  to  in- 
quire into  this  reasoning  because  of  its  bearing  on  the 
other  data  presented. 

Experiments  by  the  authors  of  the  earlier  papf;rs 
here  discussed,  indicate  that  when  a  cable  is  cold  it  has  a 


lower  ionization  voltage  than  when  it  is  warm.  Be- 
sides, at  any  given  voltage  (provided  it  lies  above  the 
ijnization  voltage)  there  will  be  more  energy  lost  in 
ionization  in  cold  cable  than  in  warm  cable.  If  failure 
is  to  result  from  ionization,  it  -ivould  not  be  unnatural 
to  expect  it  to  occur  when  ionization  is  present  in  a 
large  rather  than  in  a  relatively  small  amount.  Experi- 
ments made  by  the  Company,  with  which  the  writers 
are  connected,  prove  that  a  high  voltage  cable,  stressed 
far  above  the  ionization  stress,  Vv-ill  frequently  operate 
for  a  long  time  or  continuously  at  a  high  temperature, 
although  it  will  fail  within  a  relatively  short  time  at  20 
degrees  C. 

Thus  it  would  seem  that  the  fact  that  the  Prussian 
State  Railways  cable  operated  at  a  low  temperature 
would  tend  to  produce  failure  earlier  than  if  it  were  op- 
erated warm,  assuming  of  course  that  failure  is  to  result 
from  ionization.  And  even  at  16-2/3  cycles,  the  loss  in 
ionization  at  42  kv  per  cm.  (or  over  double  the  value  at 
v.'hich  ionization  is  said  to  begin)  would  seem  to  be 
great  enough  to  insure  failure  rather  nearer  the  six 
months  than  the  six  years  limit.  In  the  light  of  the 
data  submitted  herewith  concerning  other  cables  known 
to  have  operated  successfully  for  as  many  as  20  years  at 
a  stress  of  32  kv  per  cm.,  it  must  be  admitted  that  there 
IS  nothing  unreasonable  in  assuming  that  as  far  as  maxi- 
mum stress  alone  is  concerned,  the  Prussian  State  Rail- 
ways cables  would  have  operated  successfully  for  many 
years. 

Indirect  evidence  of  the  success  of  this  system  is 
obtained  from  the  fact  that  the  Swiss  Government  Rail- 
vi'ay  has  adopted  the  same  system  for  the  electrification 
of  the  Gothard  Line*,  namely  60000  volts  single-phase 
transmission  with  the  midpoint  grounded,  so  that  30  000 
volts  is  impressed  on  each  of  two  single  conductor 
cables.  The  following  statement  by  Dumermuth  in  con- 
nection with  this  installation  is  of  interest: — 

"The  dielectric  stress  decided  upon  for  the  Gothard 
30000  volt  cables  is  about  4000  volts  per  mm.  (40  kv  per 
cm.)  ;  this  is  relatively  low  in  comparison  with  the  stresses 
customary  elsewhere,  which  are  often  as  high  as  SOOO  volts 
per  mm.     (50  kv  per  cm.)." 

While  the  writers  of  the  present  paper  are  not 
familiar  with  any  installations  which  have  operated  for 
any  considerable  length  of  time  with  stresses  as  high  as 
50  kv  per  cm.,  this  statement  is  nevertheless  an  interest- 
ing sidelight.*  In  this  connection  a  30  000  volt  triplex 
paper  insulated  cable  for  the  Societe  des  Usines  a  Gaz 
du  Nord  &  de  L'Est  was  installed  in  France  in  October, 
1917.  The  maximum  stress  at  the  conductor  surface  of 
this  cable  is  47.5  kv  per  cm. 

The  cables  in  the  lists  given  in  Table  I  represent 
the  experience  and  judgment  of  the  following  foreign 
and  domestic  cable  makers : — the  Standard  Under- 
ground Cable  Company,  the  John  A  Roebling  Sons' 
Company,  the  General  Electric  Company,  the  National 
Conduit  &  Cable  Company,  the  Safety  Insulated  Wire  & 
Cable  Company,  the  American  Steel  &  Wire  Company, 


♦Schweizerische    Bauzeitung,    October    18,     1919,    p.    193. 
Dumermuth. 
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TABLE   I— STRESSES  IN  HIGH  VOLTAGE   CABLES  WHICH  HAVE   BEEN   IN   OPERATION  FOR  FIVE   OR   MORE   YEARS 

All    Cables    Have    Round    Conductors 


(TRIPLEX  CABLES,  PAPEE  INSULATION) 


Ref. 

Size  of 
Conductor 

Insulation 

!£■- 

User 

Installed 

>  2 

Thickness 

each 
Conductor 

Thickness 
of 
belt 

Where                When 

1  = 

35 

50  sq.  mm. 

No.  2 

35    sq.   mm. 

35  sq.  mm. 

No.  2 

No.   1 

95   sq.  mm. 

1/0 

No.   2 

1/0 

2/0 

2/0 

4/0 

250  000 

2/0 

No.  6  str. 

7.3  mm. 
9/32 
7  mm. 
9/32 
9/32 
9/32 
6  mm. 
9/32 
9/32 
9/32 
9/32 
9/32 
10/32 
9/32 
9/32 
7/32 

7.3  mm. 

4/32 
7  mm. 
9/32 
8/32 
8/32 
6  mm. 
7/32 
8/32 

30 
25 
25 
25 
23 
23 
25 
23 
30 

34.4 
32.0 
31.8 
31.3 
29.5 
27.8 
27.8 
26.4 
25.6 
25.3 
25.3 
25.3 
23.5 
22.5 
22.0 
20.1 

Berlin, 

St.    Paul, 

Minn. 
Treves. 

Germany 
Barcelona, 

Spain 
Akron, 

Ohio 
Akron. 

Ohio 
Barcelona, 

Spain 
Detroit, 

Mich. 
Vancouver, 

Canada 
Winnipeg, 

Canada 
Toledo, 

Ohio 
Detroit, 

Mich. 
Montreal, 

Canada 
Akron, 

Ohio 
Chicago, 

Illinois 
New    Y'ork, 

N.   Y. 

1911 
1900 
1913 
1913 
1914 
1912 
1913 
1911 
1912 
1913 
1914 
1911 
1902 
1912 

Before 

1908 
1903 

9 

5 
34 

St.   Paul    Gas   Light   Company 

20 
7 

26 
45 
54 
53 

28-A 

29 

31 

Ebro    Irrigation    &    Power   Company 

Northern  Ohio  Traction  &  Light  Company 
Northern  Ohio  Traction  &  Light  Company 

Ebro  Irrigation  St  Power  Company 

Edison  Elec.  Illtg.  Company  of  Detroit.. 
British   Columbia   Elec.   Rw.y.    Company.. 

7 
6 

8 
7 
9 
8 
7 

55 

6 

28-B 

6 
51 

1 
160 

7/32 
6/32 
8/32 
6/32 
5/32 

23 
25 
23 
20 
11 

Edison  Elec.  Illtg.  Comi)any  of  Detroit.  . 
Montreal  Lt.,  Heat  &  Power  Company... 
Northern  Ohio  Traction  &  Light  Company 

Commonwealth    Edison    Company 

Interborough    Rapid   Transit   Company. . . 

9 
18 

8 
13 
17 

(SINGLE    CONDUCTOR   CABLES,    PAPER   INSULATION) 


100   sq.  mn 
80  000   cm. 


95   sq.   mm. 

INo.  4 


30      42.0       Prussian-Hessian  State  Rwy. 


12.7   I      24.4 
I  I 


Prussian-Hessian  State  Rwy. 


City    of    Cologne 

Great  Western  Power  Company. 


Cologne, 

Germany 
Sacramento, 

Cal. 


1911 

1911 
1911 
1913 


6% 
(to  end 

1917) 

6% 
(to  end 

1917) 


(TRIPLEX  CABLES,    RUBBER  INSULATION) 


No.  2 
No.  1 
2/0 


7/32 

10/32 

8/32 


32.5 
28.3 


St.  Paul  Gas  Light  Company 

Shawinigan  Water  &   Power  Company... 
Y^ork  Haven   Water   &   Power  Company.. 


St.    Paul, 

Minn. 
Montreal, 

Canada 
Y^ork  Haven, 

Penna. 


1906 

to  1919 

1909 


(SINGLE    CONDUCTOR    CABLES,    RUBBER    INSULATION) 


14/32 


14.431      24.0      Shawinigan  Water   &  Power  Company... 


(TRIPLEX    CABLES,    VEGETABLE    COMPOUND    INSULATION) 


No.  1 

1/0 

2/0 


9/32 
9/32 
8/32 


9/32 
8/32 
8/32 


25 


30.3 
25.3 


Marconi  Wireless  Company  of  America. . 
Winnipeg  Elec.   Rwy.   Company 


ao  Paulo  Tramway  Light  &  Power  Com- 
pany     


New  York, 
New   York 

Winnipeg, 
Canada 

Sao  Paulo, 
Brazil 


1915 
1913 
1915 


(SINGLE    CONDUCTOR    CABLES,    VARNISHED    CAMBRIO    INSULATION) 

1 

H&14|No.  2 

20/32 

1                       1               1 

1      f     12.7      20.7     Great   Western   Power   Company 

Calif. 

1912 

8 

(TRIPLEX   CABLES.    COMBINATION  RUBBER  AND    VARNISHED   CAMBRIO  INSULATION) 


No.  2 
No.  2 
No.  2 
No.  1 


9/32 

10  /32 

9/32 

9/32 


)/32 
)/32 
)/32 
)/32 


I     25 


*32.0 
*30.2 
*28.2 
*26.6 


Pacific  Light  &  Power  Company 

Indiana   &   Michigan   Electric   Company.  . 

Great  •  Western    Power    Company 

Great  Western   Power   Company 


Portland, 

Oregon 
South  Bend, 

Indiana 
San  Francisco, 

California 
San  Francisco, 

California 


1914 
1911 
1912 
1912 


'Calculated  as 
Actual  stress 


if  insulation  were  homogeneous. 

is  less,  due  to  relative  permittivities  of  the  two 


July,   1920 
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the  British  Insulated  and  Helsby  Company,  W.  T. 
Henley  &  Company,  Johnson  &  Phillips,  Pirelli  &  Com- 
pany, Berthoud,  Borel  &  Cie.,  the  Siemens-Schuckert 
Company,  Felton  &  Guilleaume,  Allgemeine  Elektrici- 
tats  Gesellschaft,  etc. 

IONIZATION  DATA  ON  EARLY  CABLES 

Tests  showing  ionization  voltages  were  made  by  the 
writers  as  early  as  1913.  A  quadrant  electrometer  was 
used  similar  to  that  described  by  Rayner  (I.  E.  E.  1912) 
and  by  Skinner  (A.  I.  E.  E.  1902).  These  tests  were 
made  on  cables  with  rubber  insulation,  varnished  cloth 
insulation  and  paper  insulation  impregnated  with  vege- 
table and  mineral  base  compounds. 

Sample  S-y2g — This  piece  of  single  conductor  rubber  cable 
was  originally  tested  in  February  1914.  Its  ionization  stress  p.t 
about  20  degrees  C.  at  that  time  was  19.2  kv  per  cm.  The  cable 
was  4/0  B.  &  S.  insulated  with  10/32  inches  of  rubber.  A 
test  on  a  piece  of  this  original  sample  made  in  February  1920, 
at  about  the  same  temperature,  gave  a  slightly  higher  ionization 
voltage  than  before,  namely  23  kv  per  cm.  The  resistivity  oi 
the  rubber  had  trebled  however  in  the  intervening  six  years. 
The  sample  was  not  in  operation  at  any  time  during  that  period 
but  lay  in  the  laboratory  sample  case  for  the  period  mentioned, 
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IIG.    I — EFFECT   OF   TIME    ON    RESISTTVITY 

subjected  to  only  the  normal  heat  of  a  rather  warm  factory. 
The  1914  and  1920  measurements  on  the  sample  are  shown  in 
Fig.  I. 

Sample  S-728 — This  also  is  rubber  and  tests  in  1920  shovv 
an  ionization  stress  of  15.4  kv  per  cm.  The  early  tests  however 
are  incomplete.  Ionization  must  have  begun  below  a  stress  of 
173  kv  per  cm.  This  specimen  doubled  in  resistivity  in  the 
intervening  six  years. 

Samples  7  to  18 — These  numbers  are  taken  from  Shanklin 
&  Matson's  paper  of  1919.  They  presumably  relate  to  some  -jf 
the  cables  reported  on  in  Shanklin  &  Clark's  paper  of  June^ 
1917.  Their  test  results  show  ionization  stresses  of  unused 
cable  of  vegetable  compound  of  22  kv  per  cm.  at  20  degrees  C. 
and  from  16  to  12  kv  per  cm.  for  similar  cable  that  had  been 
in  use.  Samples  16  and  17,  with  ionization  stresses  of  14.- 
and  12.5  kv  per  cm,  respectively,  at  25  to  29  degrees  C.  were 
presumably  in  use  at  13.2  kv,  three-phase,  and  thus  at  a  maxi- 
mum stress  of  15.6  kv  per  cm.  several  years  prior  to  the  date 
of  test.     (See  Appendix  C). 

For  mineral  base  compound  cable  the  results  give  from  22 
to  25  kv  per  cm.  on  new  cable  never  in  use,  and  29  to  32  kv 
per  cm.  on  cable  that  had  been  in  use  for  several  years.  Cable 
No.  12  had  been  in  service  for  five  years  at  24  kv,  three-phase 
and  thus  at  a  maximum  stress  of  27.6  kv  per  cm.  (See  Ap- 
pendix D). 

Klein's  Cables — As  the  writers  pointed  out  in  a  monograph 
for  private  use  written  in  1913,  just  after  the  publication  of 
Klein's  paper  in  the  Elektrotecltnische  Zeitschrift  of  July  3i5t, 


1913,  Klein's  cables,  all  of  which  were  new,  show  the  start  of 
ionization  at  voltages  which  are  the  equivalent  of  from  25  kv 
per  cm.  to  31  kv  per  cm.,  as  shown  in  Fig.  2. 

Sample  S-8S7 — This  is  a  piece  of  one  conductor  from  a 
three  conductor  rubber  insulated  cable  that  has  been  in  service 
lor  over  ten  years  at  a  maximum  stress  of  about  36.7  kv  per 
cm.  When  measured  on  December  31,  1919,  and  after  it  had 
been  out  of  service  for  about  four  months,  its  ionization  stress 
was  also  36.7  kv  per  cm.  at  20  degrees  C. 

Sample  A^-312 — This  is  a  piece  of  three-conductor,  4/0 
paper  insulated  cable  of  foreign  manufacture  that  had  been  in 
use  continuously  at  about  125  amperes  load  and  a  maximum 
stress  of  15.2  kv  per  cm.  from  1904  to  1918.  It  is  of  vegetable 
compound,  and  of  quite  low  dielectric  loss.  Its  ionization  stress 
when  tested  on  May  5,  1920,  three  conductors  against  the  sheath, 
was  14.5  kv  per  cm.  at  24  degrees  C. 

Sample  S-8g3 — This  is  a  sample  of  three-conductor,  4/0 
foreign  cable  of  vegetable  base  compound,  about  ten  years  old, 
and  believed  to  have  been  in  use  at  25  kv,  or  a  maximum  stress 
of  about  24  kv  per  cm.,  for  about  eight  or  nine  years.  Its 
ionization  stress  when  tested  in  February,  1920,  was  23.6  kv 
per  cm.  at  practically  all  temperatures  from  14  to  26  degrees  C. 

Tests  made  upon  single  conductors  of  this  cable  ionized  at 
9  kv,  or  a  stress  of  18.5  kv  per  cm.  These  single  conductor 
samples  were  obtained  by  dissecting  the  triplex  sample  just 
measured.  In  other  words,  although  ionization  began  with  a 
maximum  stress  at  the  surface  of  the  conductor  of  18.5  kv  per 
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FIG.    2 — CHANGE   OF   RESISTIVITY    WITH    STRESS    AT    SURFACE   OF 
CONDUCTOR 

cm.,  when  the  entire  conductor  insulation  was  stressed,  the 
ionization  point  of  the  triplex  cable,  measured  three  conductors 
against  the  sheath  with  single  phase  voltage  was  23.6  kv  per 
cm.  .\  reasonable  conclusion  to  be  drawn  from  this  data 
is  that  the  reason  the  cable  did  not  show  ionization  in 
triplex  form  until  23.6  kv  per  cm.,  was  because  only  the  insul.i- 
tion  toward  the  sheath  of  the  cable  was  under  stress.  This 
would  indicate  that  it  was  the  part  of  the  conductor  insulation 
which  was  toward  the  center  of  the  cable  which  ionized  at  the 
lower  value  in  this  particular  case.  It  must  be  borne  in  mind 
that  the  insulation  toward  the  center  or  axis  of  the  cable  is 
subjected  to  the  maximum  stress  when  the  cable  is  operating 
under  three  phase  voltage.  Its  three  phase  ionization  point 
would  therefore  probably  be  18.5  rather  than  23  6  kv  per  cm. 
The  foregoing  example  indicates  the  error  which  may  be  intro- 
duced by  assuming  a  value  of  the  three-phase  ionization  point 
from  one  single-phase  test  performed  upon  a  triplex  cable. 

Sample  K-i4i — This  sample  is  a  piece  of  foreign  made, 
single-conductor  cable  of  vegetable  base  compound  of  reason- 
ably low  dielectric  loss.  It  operated  from  1914  to  19x9  at  a 
maximum  stress  of  19.3  kv  per  cm.  The  neutral  of  the  system 
was  not  grounded,  however,  and  the  stress  may  therefore  have 
been  as  high  as  33.4  kv  per  cm.  Its  ionization  stress  on  Septem- 
ber 2,  loiq,  was  21  kv  per  cm. 
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Sample  i'-892-2 — This  sample  is  a  single  conductor,  in- 
sulated with  paper,  impregnated  with  mineral  base  compound 
by  a  special  process  which  reduced  the  air  to  a  minimum,  far 
less  air  being  present  in  fact  than  is  found  in  any  commercial 
cable  we  have  examined,  made  either  in  this  country  or  abroad. 
What  air  there  is  in  it  is  believed  from  microscopic  examina- 
tion to  be  in  minute  globules,  about  0.0003  inches  in  diameter. 
These  globules  were  in  the  body  of  the  paper,  not  between  the 
la.M-rs.     It  was  never  in  use. 

Tests  have  been  made  upon  the  specimen  at  various  times, 
the  specimen  in  the  meantime  not  being  under  stress,  but  lying 
in  the  warm  laboratory,  under  compound.  On  February  9,  1920, 
al  20  degrees  C,  ionization  commenced  at  16.8  kv  per  cm.,  the 
power-factor  increasing  from  0.5  to  0.82  percent  between  the 
maximum  stresses  of  8.4  kv  per  cm.  and  58.8  kv  per  cm.  On 
March  16,  at  22  degrees  C,  the  ionization  stress  had  risen  to 
25.2  kv  per  cm.,  and  the  power-factor  changed  from  0.45  to 
0.53  percent  between  the  stresses  of  12.6  and  84  kv  per  cm.  On 
April  4,  at  17  degrees  C,  ionization  commenced  again  at  25.2 
kv  per  cm.,  the  power-factor  changing  from  0.48  to  0.6  percent 
between  the  stresses  of  9.3  to  105.0  kv  per  cm.  On  April  ?7, 
tests  at  21  degrees  C.  showed  that  the  power-factor  had  im- 
proved and  that  almost  no  ionization  could  be  detected  between 
stresses  of  16.S  and  151.2  kv  per  cm.,  between  which  limits  the 
power-factor  changed  from  0.33  to  0.35  percent.  Most  of  this 
change  in  power-factor  occurred  at  a  stress  of  84  kv  per  cm., 
and  possibly  that  might  be  considered  its  ionization  stress.  The 
breakdown  strength  was  over  420  kv  per  cm.  at  the  conductor 
surface,  or  far  higher  than  is  obtainable  in  commercial  cable 
insulation. 

Sample  /C-482 — This  is  a  piece  of  three-conductor,  foreign, 
l);iper-insulated  cable  of  vegetable  base  compound,  which  had 
been  in  service  for  about  15  years  at  a  pressure  of  25  kv,  and 
a  maximum  stress  of  about  24  kv  per  cm.  When  tested  March 
29,  1920,  ionization  commenced  at  a  gradient  of  13  kv  per  cm. 
at  17  degrees  C,  a  stress  which  is  considerably  below  the  stress 
at  which  the  cable  operated  successfully  for  such  a  long  time. 
The  cable  from  which  the  specimen  was  cut  is  still  in  operation. 

Sample  -S'-oS — This  is  a  piece  of  three-conductor  vegetable 
compound  paper  insulated  cable,  which  on  the  date  of  test,  De- 
ctmber  14,  1914,  had  been  in  service  about  two  years  at  a  maxi- 
mum stress  of  27.8  kv  per  cm.  The  tests,  which  were  made 
with  single-phase  voltage,  three-conductors  against  the  sheath, 
showed  that  ionization  began  below  21  kv  per  cm.,  probably  at 
about  18  kv  per  cm.,  although  the  tests  are  not  complete  enough 
to  be  more  definite.  This  specimen  had  a  large  amount  of 
ionization,  and  it  is  interesting  to  know  that  the  cable  from 
which  it  was  cut  has  continued  to  operate  successfully  to  date, 
although  possibly  the  large  ionization  loss  is  not  typical  of  the 
remainder  of  the  cable. 

Sample  .9-896 — A  piece  of  single  conductor,  vegetable  base 
compound,  paper  cable,  never  in  use.  When  tested  in  June, 
1014,  its  ionization  stress  at  19  degrees  C.  was  below  17.1  kv 
per  cm.  How  much  below  can  not  be  accurately  determined, 
but  it  cannot  reasonably  have  been  lower  than  15  kv  per  cm. 
a'  which  value  its  power-factor  would  have  Ixien  o.S  percent. 
When  a  portion  of  this  same  piece  was  tested  in  February, 
1020,,  its  resistivity  at  low  stresses  was  a  little  less  than  half 
what  it  was  six  years  before,  but  its  ionization  stress  was  15.3 
kv  per  cm.  The'specimen  had  been  lying  in  a  warm  laboratory 
during  the  six  years. 

Sample  S-722 — This  is  a  piece  of  vegetable  base  compound, 
paper-insulated,  three-conductor  cable,  which  had  been  in 
service  from  1912  to  the  end  of  1917.  It  was  cut  out  at  that 
time,  and  the  ends  of  the  cable  had  been  sealed  up  to  the  time 
of  present  tests.  The  cable  had  been  in  operation  at  II 000 
volts,  or  a  maximum  stress  of  14.4  kv  per  cm.  When  tested 
April  9,  1920,  ionization  began  at  12.4  kv  per  cm.  at  18  degrees 
C.  The  test  was  performed  with  three-conductors  against  the 
sheath,  with  single-phase  voltage.  The  cable  from  w^hich  the 
sample  was  cut  is  still  in  operation. 

CONCLUSIONS 

The  evidence  furnished  by  Table  I  is  conclusive, 
on  one  point,  namely  that  a  large  number  of  installa- 
tions, involving  large  quantities  of  cable  have  been 
operated  for  many  years  with  the  maximum  stress  at 
the  surface  of  the  conductor  far  in  excess  of  19.5  kv  per 
cm.  If  the  evidence  furnished  by  the  tests  on  cable 
specimens  supported  the  contention  that  all  early  cables 
operated  successfully  at  stresses  higher  than   19.5  kv 


per  cm.  only  because  their  ionization  stresses  were  above 
their  maximum  operating  stresses,  it  would  unquestion- 
ably be  wise  to  limit  operating  voltages  to  those  values 
which  will  give  operating  stresses  below  ionization 
stresses.  However,  in  the  above  evidence  or  any  other 
that  has  thus  far  been  brought  forward  appears  to  make 
this  contention  convincing. 

Klein's  tests  indicate  that  in  1913  new  paper  cables 
were  being  produced  which  had  ionization  stresses  as 
high  as  31  kv  per  cm.;  Shanklin  &  Matson  show  30.2 
kv  per  cm.  for  cable  that  has  been  operating  for  five 
years  (prior  to  June,  1917,  aoout  the  date  of  their 
tests)  ;  the  present  authors  show  36.7  kv  per  cm.  for  a 
piece  of  rubber  cable  which  has  operated  more  than 
ten  years;  but  these  values,  in  face  of  the  considerable 
amount  of  evidence  showing  that  new  cables  of  all 
kinds,  either  made  today  or  ten  years  ago,  probably 
have  ionization  voltages  below  22  or  23  lev  per  cm.,  must 
lead  us  to  the  conclusion  that  a  very  considerable  por- 
tion, if  not  all  of  these  large  amounts  of  cable  from  all 
parts  of  the  world,  and  from  many  different  factories, 
must  he  operating  at  stresses  well  ahoi'e  the  ionization 
stress. 

This  conclusion  is  given  further  weight  when  the 
fact  is  recalled  that  early  paper  cables,  say  cables  made 
prior  to  1912  or  1913  particularly,  were  much  less  full 
of  compound  than  those  made  today.  This  in  itself 
proves  that  they  could  not  have  had  very  high  ionization 
stresses  when  new ;  and  as  the  vast  bulk  of  them  were 
made  of  vegetable  compound  (although  the  company 
with  which  the  writers  are  connected  began  making 
mineral  compound  cables  for  high  voltage  use,  in  a 
large  scale  commercial  way,  in  1909)  it  is  to  be  pre- 
sumed, from  Shanklin  &  Matson's  data  presented  in 
February,  1919,  that  such  cables  should  show  a  lower 
ionization  stress  with  age  and  use. 

Shanklin  &  Matson  show  that  with  mineral  base 
compound  (or  possibly  we  should  say  a  particular  type 
of  mineral  compound)  there  is  an  increase  in  ionization 
voltage  with  age.  The  Siemens-Schuckert  cable  for  the 
Prussian  State  Railways  is  believed  to  be  of  mineral 
base  coinpound.  This  is  the  only  one  in  the  list  we  pre- 
sent which  is  believed  to  be  of  that  type.  Conceivably 
therefore,  in  the  Prussian  State  Railways  cable,  the  ioni- 
zation stress  has  increased  with  time  Ar\A  use. 

There  is  no  direct  evidence  that  ageing  raises  the 
ionization  stress  of  rubber  cable.  Tests  on  S-728  and 
729  fail  to  support  this  contention.  On  the  other  hand 
S-887  has  such  a  high  ionization  stress  that  it  strongly 
suggests  that  a  beneficial  ageing  effect  has  taken  place. 

While  it  is  interesting  to  speculate  on  this  factor  of 
ageing  and  the  possibility  that  cables  continue  to  operate 
satisfactorily  at  stresses  above  the  ionization  stress,  it  is 
not  necessar>'  for  our  present  purpose  to  prove  that 
cables  improve  or  deteriorate  as  regards  ionization 
stress.  Neither  is  it  necessary'  to  prove  that  they  have 
or  have  not  operated  at  stresses  above  the  ionization 
stress.     The  significant  fact  is  that  th*^  installations  re- 
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ftrred  to  in  Table  I  have  operated  for  many  yeari  at 
maximum  stresses  far  above  19.5  kv  per  cm.,  and  most 
of  them  are  operating  today. 

In  connection  with  ionization  stress  it  mu^i  be 
borne  in  mind  that  ionization  does  not  always  begii.  at 
a  clearly  defined  point.  Many  cable  specimens  show 
ionization  curves  similar  in  shape  to  those  shown  in 
Fig.  I.  On  the  other  hand,  many  specimens  have  shown 
ionization  curves  entirely  different  from  this.  Some 
cables  have  a  continuous  decrease  of  resistivity  with 
voltage,  with  no  sharp  point.  The  resistivity  of  other 
specimens  on  the  other  hand  sometimes  even  increases 
with  voltage.  Specimen  S-892-2  showed  only  0.02  per- 
cent of  power-factor  change  between  the  stress  of  16.8 
and  1 5 1.2  kv  per  cm.  The  preceeding  remarks  all  re- 
fer to  measurements  made  at  room  temperature.  At 
higher  temperatures  the  variation  in  the  shape  of  ioni- 
zation curve  is  even  more  marked  and,  in  general,  cables 
do  not  have  a  .sharp  ionization  point  at  normal  operating 
temperatures. 

As  to  just  what  significan';e  should  be  attached  to 
ionization  stress  we  are  in  doubt.  We  believe  it  is  of 
less  significance  than  the  amount  of  ionization,  i.  e.  the 
watts  expended  at  any  given  stress  above  the  ionization 
stress  expressed  in  watts  per  cu.  cm.  of  insulation. 
(See  Appendix  E).  Even  this  latter  apparently  must 
be  multiplied  by  another  factor  in  some  way  expressing 
the  relationship  between  average  stress  and  maximum 
stress ;  for  two  cables  having  the  same  ionization  stress, 
and  the  same  watts  expended  in  ionization  at  a  given 
stress,  that  cable  should  fail  first,  presumably,  whose 
maximum  stress  most  nearly  equals  its  average  stress. 

We  believe  that  the  maximum  stress  is  not  a 
criterion  for  safe  operation  any  more  than  the  ionization 
stress  is.  Incipient  failures  in  three-conductor  cables 
subjected  while  cold,  i.e.  at  room  temperature,  for  lung 
periods  of  time  to  three-phase  voltages  sufficiently  high 
to  make  the  stress  at  the  surface  of  the  conductor  far 
above  the  ionization  stress  plainly  indicate  that  failure 
most  frequently  begins  at  a  point  where  the  stress  is 
much  lower  than  the  maximum,  namely  at  the  surface 
of  contact  between  conductor  insulation  and  ceiitral 
filler  and  in  the  outer  wrappings  of  that  portion  of  the 
conductor  insulation  which  faces  the  center  of  the 
cable.  Thus  we  are  forced  to  the  conclusion  that  aver- 
age stress,  or  stress  in  and  near  the  fillers  (of  three-core 
cable)  is  more  likely  to  prove  to  be  the  proper  criterion 
for  safe  operation  than  is  the  maximum  stress.  Similar 
tests  on  single  conductor  cable  lead  us  to  the  same  con- 
clusion, for  they  indicate  that  incipient  failure  very  fre- 
cpently  occurs  not  at  the  point  of  maximum  stress,  i.e. 
the  surface  of  the  conductor,  but  at  a  point  between  the 
surface  of  the  conductor  and  the  sheath,  and  quite  often 
nearer  the  sheath  than  the  conductor. 

It  should  be  borne  in  mind  that  we  are  here  dealing 
with  failures  which  are  in  no  way  attributable  to  in- 
herent loss  in  the  insulation  proper.  The  failures  were 
due  to  excessive  ionization  in  air  spaces  or  voids  left  in 


the  insulation  as  manufactured,  or  produced  by  bending 
the  cable. 

Limiting  Stresses — The  data  given  here  plainly 
shows  that  as  far  as  this  one  factor  is  concerned,  viz. 
maximum  stress  at  the  conductor  surface,  for  cables 
of  average  construction  we  may  safely  go  to  25  or  30 
kv  per  cm.  for  ordinary  three-core  cables,  and  to 
possibly  40  kv  per  cm.  or  higher  for  single  conductor 
cables. 

General  Remarks — Klein's  data  is  worth  further 
consideration.  Klein  himself  does  not  seem  to  have 
been  aware  of  the  significance  of  his  own  data  in 
establishmg  the  existence  of  ionization  or  the  fact  that 
it  was  probably  the  first  data  published  shewing  the  be- 
havior of  cable  before  and  after  ionization,  although 
Rayner  in  1912*  showed  dielectric  loss  measurements  of 
internal  corona  on  air  enclosed  between  thin  mica  plates 
and  Lustgarten  in  1913**  showed  how  the  very  thin 
layers  of  air  occluded  in  insulations  were  stressed  in 
inverse  proportion  to  the  permittivities,  of  air  and  the 
solid  insulation  with  which  it  is  \i-  contact.  It  may  not 
be  beside  the  point  to  remark  that  it  was  Klein's  paper 
and  our  recognition  of  its  significance  that  led  us  to 
make  the  ionization  test  on  S-729,  Fig.  i,  early  in  1014. 

Peek's  law  of  corona  had  been  proposed  in  191 1. 
Monasch  had  shown  in  1907  (E.  T.  Z.)  that  cable  di- 
electrics among  others  obeyed  a  strictly  square  law  for 
the  dielectric  loss  provided  no  corona  or  ionization  is 
present.  The  thought  occurred  in  reading  Klein's 
paper  in  1913  that  the  approximate  adherence  to  the 
square  law  for  the  lower  voltage  observation  on  all  six 
of  his  cables,  and  the  rapid  rise  of  loss  for  the  higher 
voltages,  was  probably  due  to  the  fact  that  at  a  certain 
critical  voltage  on  four  of  them,  internal  corona  began. 
By  plotting  Klein's  data  for  power-factor,  approximate 
values  were  secured  for  these  critical  voltages  from  in- 
spection. It  was  thought  that  if  the  losses  at  the  voltages 
obviously  beyond  the  critical  voltage  were  taken  and  if 
from  each  observation  the  inherent  loss  in  the  in- 
sulation deducted,  as  obtained  from  the  averages 
of  the  readings  obviously  below  the  critical  voltage 
correcting  them  in  accordance  with  the  square  law 
proven  by  Monasch,  it  might  be  found  that  the  loss  due 
to  corona  or  ionization  would  follow  some  such  lav/  as 
proposed  by  Peek  for  corona  on  wire  in  air.  It  is  in- 
teresting to  note  that  three  of  the  four  cables  tested, 
sufficiently  far  above  ionization  to  give  reasonably  good 
data,  very  accurately -follfjwed  a  quadratic  law  for  the 
loss  in  corona.  Thus  if  the  loss  up  to  ionization  be  ex- 
pressed by  an  equation  of  the  form  AE^,  the.  loss  above 
i'>nization  may  be  expressed  by  an  equation,  one  term  of 
which  represents  the  inherent  loss  in  the  solid  insulation 
and  of  the  form  AE^,  to  which  is  added  a  term  express- 
ing the  loss  due  to  corona  of  the  form  B  (£-£„) ^.  The 
values  of  £„  from  these  equations  represent  the  critical 
volts  or  ionization  volts  and  from  these  values  the 
ionization   stres.ses  are  figured.     These  values  are  not 
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identical  with,  but  agree  fairly  well  with  the  values  ob- 
tained by  inspection  of  the  power-factor  and  resistivity 
curves. 

At  the  time  this  work  was  done  in  1913,  it  was 
thought  that  a  law  had  been  discovered  that  would  apply 
to  all  specimens.  However  when  ionization  tests  were 
made  shortly  afterward,  it  was  found  that  this  was  not 
a  fact.  While  the  matter  has  not  been  followed  up  to 
any  great  extent  since  that  time,  it  is  considered  that 
about  all  that  can  be  said  is,  that  the  law  proposed  re- 
presents only  the  minimum  loss  for  a  short  range  above 
ionization,  many  specimens  of  paper  cable  having  been 
found  whose  loss  in  ionization  increases  more  rapidly 
than  the  square  of  the  voltage  above  the  value  required 
to  start  ionization. 

In  this  connection  it  is  interesting  to  note  that  two 
of  the  rubber  specimens  referred  to  above,  S-728  and 
S-72P,  both  have  ionization  losses  which  increase  only 
ay  the  first  power  of  the  voltage  above  ionization.  The 
losses  in  the  third  rubber  specimen  S-887,  did  not  fall 
on  a  smooth  curve,  and  the  law  of  their  variation  could 
not  be  determined.  On  the  other  hand,  the  corona  loss 
in  Clark  &  Shanklin's  specimen  pb  made  of  unfilled  var- 
nished cambric  increases  as  the  2.9  power  of  the  voltage 
above  ionization. 

APPENDIX  A. 

One  of  the  authors  of  the  above  mentioned  papers  has  published 
another  statement  of  later  date  (papers  before  the  New  Encland  Section 
of  the  N.  E.  L.  A.  in  September,  1919)  in  which  he  recommends  ceTtain 
specific  makeups  of  three -score,  high -voltage  cable  for  operation  at 
10000  to  riOOOO  volts,  "and  limiting  the  smallest  cable  by  one  £>/">£» 
tension  of  about  90  volts  per  mil  at  the  surface  of  the  conductor  From 
this  data  we  calculate  that  the  maximum  stresses  in  the  solid  >ns  'lation 
at  working  voltages  for  the  cables  whose  makeups  he  gives  would  be  as 
high  as  28  kv  per  cm.  It  is  difficult  to  reconcile  this  with  the  19.5  kv 
per  cm.  recommended  by  the  authors  in  the  earlier  papers.  It  is  still 
more  d^cult  to  understand  why  the  limiting  tension  of  90  volts  per  mil 
was  usS  since  90  volts  per  mil  is  equal  to  35.4  kv  per  cm.  or  nearly 
double  the  limit  previously  given.  It  will  be  noted  that  stresses  in  the 
cables  which,  as  stated  above,  are  as  high  as  28  kv  per  cm,  agree  with 
neither  the  limit  of  19.5  nor  35.4  kv  per  cm. 

APPENDIX  B. 

Although  Shanklin  &  Matson  (A.  I.  E.  E.  February,  1919.  182)  did 
not  L-ive  anv  figures  for  the  real  maximum  stress  in  three  condui  tor 
cable  operating  under  three  phase  voltage  they  were  able,  following 
Russell  (see  his  ••Alternating  Currents")  to  calculate  the  voltage  gra- 
dient between  conductor  and  sheath  at  the  surface  of  the  conductor^ 
This  of  course  does  not  give  the  real  '"'>''■""""  S'-^dient,  that  is  the 
stress  at  the  surface  of  the  conductor  at  the  point  nearest  the  center  of 
Jhe  cables,  where  almost  invarihly  the  maximum  stress  occurs  in  three 
conductor  cables  under  three  jihasc  stress. 

APPENDIX  C. 

We  identify  samples  sixteen  and  seventeen  with  cables  referred 
to  in  rfg  21  of  Clark  &  Shanklin's  paper  of  June,  1917  in  which  paper 
it  was  st'atod  that  the  cables  had  been  in  use  for  several  years, 

APPENDIX  D. 
Samnle  No  12  was  apparently  what  ^™s  known  as  Cable  No.  4  in 
Shank?"t  Clark's  paper 'o'f  June!  1917  -^  '"-  '''«/al//^.;„r7,  ^1 
get  the  impression  that  the  sample  had  been  in  "'"--/"'*;«  ''t  6  k^per 
kv  three  phase  and  thus  at  a  maximum  operating  stress  of  _i.b  K\  per 
cm.  The  ionilation  stress  of  a  sample  of  this  cable  is  given  as  30.2  kv 
per  cm. 


APPENDIX  E. 

Our  conclusion  in  this  regard  is  not  based  on  '"^^""'''^f'.fi""^, 
ment,  but  is  the  result  of  converging  ''^••<i^n« /""''^'-J  h^  ?n  clwe 
experiments  and  the  accumulated  experience  of  many  5 ears  in  caoie 
work       Briefly  this  evidence  is  about  as  follows: —  ,,         ■ 

A  number  of  short  pieces  of  single  conductor  cables,  in-D^en'- 
,ed  with  mineral  base  compound  and  vegetable  base  """"""d-  «"« 
tested  for  power -factor  before  draining  t""!  »""  d"'°'°=„f'°  J,f,J,  *„ 
1917  The  average  breakdown  strength  of  both  kinds  of  cables  was 
100  i(v  in  the  undrained  condition,  and  the  amount  of  ■'>°'^'"'"°  ."'"J 
small  When  drained  the  vegetable  compound  cable  averaged  about  50 
kv  for  puncture  strength;  the  mineral  compound  cable  averaged  about 
■M  kv.  Both  cables  showed  much  greater  loss  due  to  ■»°'"'"',"  °  '  ta 
drained  condition  than  in  undrained.  An  examination  of  the  test  data 
does  not  permit  an  exact  determination  of  the  ionization  stress.  Mr 
R  W.  Atkinson  has  shown,  however,  that,  with  a  '^V''""' ,"''"^j°,  °,K^ve 
ompound  cable  of  almost  identical  compound  to  .that  re  e"ed  to  above 
the  ionization  stress,  before  draining  and  f '<",  is  prac  icall5  I  le  same 
at  20  degrees  C,  although  it  is  slightly  less  »«  '"K''  '/"P''"'";^";^^ 
the  drained  specimen  than  in  the  ""/■■»''!'''»;.Th«oss  in  ionization 
wn«  ennrmonslv  sreater  in  the  drained  cable  than  in  the  unarainea.  iu 
Tnof  ther"elts^[hf  dra:ining  was  produced  in  such  a  way  that  the  voids 
left  bv  the  egress  of  compound  were  filled  with  atmospheric  air. 

Cable  made  with  dry  paper  but  without  any  impregnation  at  all 
mav  have  as  high  an  ionization  stress  as  filled  cable  or  even  lugner. 
The  amount  of  ionization,  however,  is  very  much  K^Rter  and  it  usuall> 
fails  under  test  with  rapidly  applied  voltage  at  a  ^'rf'^\"'  '""'1^  Mr 
the  ionization  stress.  A  test  on  cable  of  this  sort  is  shown  by  Mr. 
Atkinson  in  his  discussion  of  Clark  &  Shanklin's  paper  of  June,   1917 

The  insistence  on  the  part  of  buyers  of  cables  for  mineral  com^ 
pound,  excessively  low  dielectric  losses,  and  excessively  s"'''",'; J^^^"*'"^ 
'tests  on  cold  cables  is  producing  now  and  will  'or  a  time  at  least  con 
tinue  to  produce  cable  that  is  a  greater  departure  from  the  caijie 
makers'  accumulated  experience  of  many  years  than,  in  our  judgement. 
IS  <l'-'^5^r»l>le  showed  in  1909  that  the  breakdowns  on  a  reel  of 

cable  of  mineral  compound,  left  standing  in  a  hot  place  m  one  Pos'tion 
so  that  the  compound  would  drain  away  from  'he  upper  portion  of  each 
convolution  into  the  lower  portions,  were  much  lower  >°«he  upper  or 
rlriinert  portions  than  in  the  lower  or  completely  filled  portions.  1  he 
VOWS  in  the  drained  portions  were  probably  filled  with  air  at  a  pressure 

''■'*  Two  ''oTerating' breakdowns  occurred  in  1915  in  three  conductor 
vegetable  base  compound  which  had  operated  successfully  for  two  years 
at  a  stress  of  13.3  kv  per  cm.  The  breakdowns  occurred  ■<>  '«'» J^"; 
allel  cables  near  the  top  of  a  vertical  run.  Examination  of  the  cables 
near  burnouts  gave  no  evidence  of  the  characteristic  charred  center  of 
three  conductor  cable  which  usually  accompanies  burnouts  due  to  over^ 
heating  caused  bv  combined  dielectric  loss  and  conductor  loss.  The 
cables  were  found  to  be  quite  fully  drained  of  compound 
near  the  burnouts.  Samples  of  cable  taken  from  /^e  hot  om  o 
the  vertical  run  were  full  of  compound.  As  the  drained  upper  portions 
of  the  cable  were  quite  a  distance  away  from  the  terminals,  whicn  were 
found  to  be  full  of  compound,  it  is  to  be  presumed  that  the  voms  i n  I  le 
irahied    portions   were    filled   with   air   at   pressure    below    "'""^rhen;- 

fo":v.'r"diel:c?r!:^'oss  be/ot'^nira'tlon'than  the  filled  specimen  it  had  a 
"'^'^V:.'ifs''prriced"V"draining  or  by  lending  cold  cable  are  produc^ 
live  of  appreciably  reduced  breakdown  strength:  and  cable  with  such 
-^ids  pS-ulirly  if  of  mineral  base  compound,  seems  to  be  1"'"  sus- 
ceptible to  iniur/by  voltage  above  the  ionization  voltage,  fve"  -Jen  of 
very  short  duration,  such  for  instance  «^™»>-  ''^d'■e  t«/"rf  %f^",'^""/, 
operation  or  surges  caused  by  a  sudden  breakdown  ■■?  «"°^er  part  o^ 
tL  cable.  Not  only  is  the  cost  of  producing  '■^''  f^^'^  ;J,^'i'„,7'  '^^  ° 
at  high  operating  temperatures  and  which  can  be  bent  when  cold.  Brest 
W  inweased,  but  it  is  debatable  whether  the  user  in  'he  end  profits 
i^^Irlhtn  warrant  the  increased  risk  assumed,  particularly  when  he 
Jeallfes  'tLrcold  weather  installation  of  cable  can  largely  be  avoided. 
at  least  on  the  big  bulk  of  cable  actually  used.  . 

in  order  to  meet  the  cold  bending  tests,  the  """"'•J*"!"  '^,^.X: 
fronted  with  the  alternative  of  '"gely. increasing  the  cost  of  construe 
tion    or  using  compounds  which  are  thin  and  lacking  in  •"ekiness.       It 
s   highly   probable  he   will   be   forced   to   do   both.        But    such   minera 
is   nlgnl^    I'ro""""-   '":  ,  j^  j  ^   |„.  ,i,e  most   important 

compounds  as  he  will  use,   ana  are   uiiub    "^t^.  „v,.,.e<linfflv    low 

American  manufacturers  today  m  order  to  meet  '>>«  eN.tedi.igl>  low 
dielectric  losses  demanded  at  100°  C.  are  exceedingly  thin  at  "PerMing 
tempe/a'ture  far  thinner  than  any  of.  the  -;e;;'»'''«/?™X""  ^  follow 
have  been  used  in  the  past,  and  draining  of  the  ''«''•«  ■%,^;^^'°'^''°'! 
when  anv  considerable  vertical  length  is  involved  and  where  it  is  «> 
oca"ed  that  it  must  operate  at  a  relatively  h/^h  temperature^  Thus 
for  high  voltage  cables  operating  at  stresses  above  vhe  ^    ",,!,?  wiTbe 

failure  due  in  P'''-,^"^/",' ;,f  ,h'/„Mtcr  is  proba'bly  not  serious  if  no 
Z^.  o?c.r  lincV  -ch'2''b,,e^r  ^^.S^^rl^'^^ 
r«iron''\.!;:^kners,"the  s'^tua^tir  i^di-ff'^ert^t^nd  sfrious  considers- 
"«"  c'onLrderabrimrun\r'of^rege.able  compound  cable  ,^^^^^^ 
pletelv  drained  but  which  has  operated  succesfuly  f-r  ma">  vears,  arc 
operating  at  10  to  12  kv  on  slopes  and  m  vertical  positions. 
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Performanor!  of  j/o;(i^5  Trnjiisrnlsslon  T^rn^s 

Wm.  Nesbit 


AS  STATED  in  the  discussion  of  the  convergent 
series  solution,  the  performance  of  an  electric 
circuit  is  completely  determined  by  its  physical 
characteristics; — resistance,  reactance,  conductance  and 
capacitance  and  the  impressed  frequency.  These  five 
quantities  are  accurately  and  fully  accounted  for  in  the 
two  complex  quantities. 

Impedance  Z  t^  R  -\-  jX 
Admittance  Y  ^  G  -\-  jB 

Having  determined  the  numerical  values  for  these 
two  complex  quantities,  no  further  consideration  need 
be  given  to  the  physical  quantities  of  the  circuit  or  to 
the  frequency. 

In  the  hyperbolic  theory  tht  circuit  is  said  to  sub- 
tend a  certain  complex  angle,  d  =  VzT.  This  quantity 
represents  in  a  sense  the  electrical  length  of  the  circuit. 
The  numerical  value  of  this  angle  6  is  expressed  in 
hyperbolic  radians.  If  the  circuit  is  very  long  electric- 
ally the  numerical  value  of  the  angle  will  be  compara- 
tively large.  Conversely,  if  the  circuit  is  electrically 
short,  it  will  be  comparatively  small.  The  numerical 
vidue  of  the  angle  6  is,  therefore,  a  measure  of  the  elec- 
trical length  of  the  circuit  and  an  indication  of  how 
much  distortion  in  the  distribution  of  voltage  and  cur- 
rent is  to  be  expected  as  an  effect  of  the  capacitance  and 
leakance  of  the  circuit. 

In  order  to  give  an  idea  of  the  extent  of  the  varia- 
tion in  the  complex  6  and  its  functions  cosh  6  and  sinh  B 
for  power  transmission  circuits  of  various  lengths  cor- 
responding to  25  and  60  cycle  frequencies  approximate 
values  have  been  calculated,  as  shown  in  Table  O. 

This  tabulation  indicates  that  for  circuits  of  f''om 
100  to  500  miles  in  length,  operated  at  frequencies  of  25 
and  60  cycles,  the  complex  hyperbolic  angle  of  the  cir- 
cuit (which  is  a  plane-vector  quantity)  has  a  maximum 
raodulus,  or  size  of  0.41  for  25  cycles  and  of  r.05  fdr  60 
cycles.  It  has  an  argument,  or  slope,  lying  between  70 
and  78  degrees  for  25  cycles  and  between  80  and  85 
degrees  for  60  cycles. 

In  the  convergent  series  solution,  the  three  so-cr.'!ed 
auxiliary  constants  A,  B  and  C  determine  the  perfcm- 
ance  of  the  circuit.  These  three  auxiliary  constants  are 
S'mply  expressions  for  certain  hyperbolic  functions  of 
the  complex  hyperbolic  angle  0  of  the  circuit. 
Thus 


A  =  cosh 
B  =  sinh  I 

C  =  sinh  0--^=  } 


■  sinh  6 


■  sinht 


DI£TERM1NAT10N    OF  THE  AUXILIARY   CONSTANTS 

It  was  shown  in  Chart  XI  how  values  for  the 
auxiliary  constants  A,  B  and  C  may  be  determined 
mathematically  by  convergent  series  form  of  solu::on, 
u.«ing  problem  X  as  an  example.  Chart  XVI  gives  in- 
formation as  to  how  these  same  auxiliary  constants  may 
be  determined  by  the  use  of  real  hyperbolic  functions. 

The  solution  for  the  auxiliary  constants  by  real  hy- 
perbolic functions  is  given  completely  for  problem  X 
in  Chart  XVI.  Vector  diagrams  are  given  to  assist  in 
xollowing  the  solution.  In  the  solution  for  the  auxiliary 
constants  by  convergent  series,  the  operations  were 
carried  out  by  aid  of  rectangular  co-ordinates  of  the 
cnmplex,  or  vector  quantities.  In  Chart  XVI,  the  op- 
ei-ations  are  to  a  large  extent  carried  out  by  the  aid  of 
polar  co-ordinates.  In  the  case  of  convergent  series, 
most  of  the  operations  consist  of  adding  the  various 
terms  of  the  series  together.     As  addition  and  subtrac- 

TABLE  O— GENERAL  EFFECT  OF  DISTANCE  AND 
FREQUENCY  UPON  THE  COMPLEX  HYPER- 
BOLIC ANGLE  AND  ITS  FUNCTIONS 


CIRCUIT 
(MILES) 

^ 

' 

Z. 

■)=\fT( 

COSH  8 

S.H„ 

25CYCLES 

t3.3Lsa 

0.000  230  L2e' 

0.00  9  li^JASl 

n.  1  n  na* 

O.flll-^' 

O.,o  170- 

zoo 

an.Afio" 

0.000  430120" 

a.o3-K,t,  "JO' 

O.IIOAl 

n  oft/O.S" 

0.1  9  LLAl 

300 

109  Hf 

o.zvlZIS 

0.27  ujz: 

4QO 

i-tzLki" 

0.000  900  lio" 

o.iiS-'av^A- 

0.  3  4  tZi- 

o.lfl'.f 

a.zSLL^ 

SOO 

0.00/  100  ISO- 

0.17/1,0  \LU_' 

o.-f/Ol- 

60CYCLES 

100 

Bi.r>l7i° 

0.000  Si0[2S 

n  n^ytQMtl' 

0.  22iifi' 

n.olt  lo.S' 

0. 2  2  lAS^ 

zoo 

/f,.':i7i' 

n  n.l7..T\/if 

0    -f  3  /?3' 

0.9/  //.s" 

n    A  1  JS3' 

300 

i^^l2S2 

0.001  600\30^ 

O.T?O-f0  \ltV 

0.  6  3  tB4-' 

O.S'    ^3.3' 

0~i,0  1  SS' 

'4-00 

3Z&IS0^ 

0.002  iso\3o.' 

n  ynn9o\/70' 

soo 

■*O7/80 

0.002  700150° 

I.OQS<tO\J7a- 

These  vaUies  are  but  roughly  approximate  to  ilkistrate  the 
.general  effect  for  certain  circuits. 

tion  of  complex  quantities  can  be  most  readily  carried 
out  when  expressed  in  rectangular  co-ordinates,  this 
firm  of  expression  is  used  for  the  convergent-series 
solution.  On  the  other  hand,  powers  and  roots  of  com- 
plex quantities  are  most  readily  obtained  by  polar  co- 
ordinate expression.  In  the  solution  by  real  hyperbolic 
functions  Chart  XVI,  operations  for  powers  and  roots 
l>redominate,  and  for  this  reason  polar  expressions  have 
been  quite  generally  employed.  The  solution  by  real 
hyperbolic  functions  is  briefly  this : — 

The  impedance  Z  and  the  admittance  Y  are  first 
set  down  in  complex  form  and  their  product  obtained. 
The  square  root  of  this  product  gives  the  complex  angle 
f  =)/Z}'of  the  circuit.  This  angle  is  then  expressed 
in  rectangular  co-ordintes  as  6^  -\-  j  6^  for  the  purpose 
of  determining  the  numerical  value  of  its  real  part  6^ 
(expressed  in  hyps)  and  its  imaginary  or  circular  part 
0„  expressable  in  circular  radian^.     This  circular  pan-  62 
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is  converted  to  degrees  by  multiplying  by  57°  .29578. 
The  hyperbolic  cosine  and  sine  of  this  complex  angle  are 
ne.xt  obtained  by  the  aid  of  logarithms  of  the  functions 
of  the  component  parts  of  the  hyperbolic  complex  angle 
e.  The  equation  for  cosh  6  and  sinh  6  is  given  just 
above  the  solution.  With  a  view  of  eliminating  the 
necessity  of  calculation  for  each  complex  angle,  cosh  6 
and  sinh  6,  Dr.  Kennelly  has  prepared  tables  and  charts 


nary  power  circuits.  Functions  corresponding  to  angles 
lying  between  the  values  for  angles  in  these  tables  may 
readily  be  approximated  by  si.mple  proportion,  givmg 
values  sufficiently  accurate  for  ordinary  power  trans- 
mission circuits.  They  have  been  calculated  in  Chart 
XVI  for  the  purpose  of  illustrating  such  procedure  ond 
also  as  a  high  degree  of  accuracy  was  here  desired  for 
the  purpose  of  illustrating  the  agreement  of  the  results 


CHART  XVI -RIGOROUS  SOLUTION    FOR   AUXILIARY  CONSTANTS  OF  PROBLEM    X 
BY  REAL   HYPERBOLIC  FUNCTIONS 


CHARACTERISTICS    OF  CIRCUIT 

LENGTH    300  MILES.  CYCLES    60. 

CONDUCTORS-3  »  000  STRANDED  COPPER. 
SPACING  OF  CONDUCTORS  10  X  10  X  20  FEET. 
EQUIVALENT  DELTA  SPACING=I2.6  FT. 

LINEAR  CONSTANTS  OF  CIRCUIT 

TOTAL  PER  CONDUCTOR 
R  =  0.360  X  300  =  105  OHMS  TOTAL  RESISTANCE  AT  25°  C. 
X  =  0.B30  X  300  =  249  OHMS  TOTAL  REACTANCE. 
B  =6.21X300X10"^  =.001563  MHO  TOTAL  SUSCEPTANCE. 
G  =     0   X  300  =  0  MHO  TOTAL  CONDUCTANCE. 
g  =  (IN  THIS  CASE  TAKEN  AS  ZERO) 


VOLTAGE   DIAGRAM 


SOLUTION    FOR  0  =  VzY 


,  =  TAN 


■  =  67"  1 


■lX=TAN-l^. 
R  105 

Z  =  R  +  jX=l05+j  249 

=  f  106^  +  2492  =  270.233 
=    270.233  /67°8'  8' 


Y  =  G  +  j  B  =  0  +  j  0.00  I  563 

=  y  02  +  0.001563^=  0.001563 
=  0.001563  I  90° 


^ZY  =  ^Z  +  ^Y  -  67'  8   8'  +  90°  =  1  57°  8'  R' 
ZY  =  270.233  X  0.00  I  563  =  0.4223746 
=  0.4223745\l67'a'  8' 


S  =1/77=  0.6499036  /78°  34'  4'  HYP 
=  O.I288l7+j  0.637009  HYP 


fZ  .  Afrfo.233  J  61°  r? 
Y       1/    0.001563  190° 

=  Yl72893\22   51'  5-i' 
=      415.806  \ir  25'  66' 


^^: 


WAVE  LENGTH 


=  0.00212336 


WAVE  LENGTH  =^  = 


a,    0.00212336 


SOLUTION    FOR  (A) 

(A)=    COSH     fZY=(COSH  e,   COS  02  +  j  SINHO,  SINe2) 

9|  =  0.I288!7  HYP        62=  ^*X  0.637009  =  36   29'  52' 
LOG  COSH  6,=  0.003594  LOG  SINH  B,  =T.IIII72 

LOG  COS  a2=!J-i906!94__         LOG  SIN  60=  T. 774359 
LOGa|=T.908788  LOG  Sj  =  7.88653  I 

a|=0.8l056  32  =  0.07683 

0.81066 +j  0.07683 
(A)  =  0.BI42   /6°  24'  52' 

SOLUTION    FOR(B' 

(B)  =1/ySINH  yZY"='yy(SINH  0,  COS  05+ j  COSH  0,  SIN  62) 

LOG  SINH  e|  =  r.llll72  LOG  COSH  0,  =  0.003694 

LOG  COS   62=7.905194 

1.016366 

SINH  0|  COS  02=0.10383       COSH  e|  SIN  02=0.69973 

TAN-I  0-69973^, 

0.10383      '  I "  "" 

SINH  a,  COS  02*- j  COSH  0,   SIN  02  = 

=  0.l0383+j0.69973 
=  0.60865   /80°  10' 40' 


# 


=  415.805   \ir26'  56' 
=  415.805    \ll°26'  56"  X  0.60866   / 80°  10' 40' 
(B)  =  263.08     /e8°44'44' 


SOLUTION    FOR(C) 


(C)=    .T^^SINH    YZY 

1y 


=  ,  X  0.60865    /so"  10'  40' 

416.805   \ir  25'  66"  

=  0.002405  /ll'  25'  66'  X  0.60865   /80°  1 0'  40' 

(C)"  0.00  1 464  \   91°  36'  36' 


.\s  a  check  against  possible  serious  errors  in  the  calculations,  the  calculated  values  may  be  compared  with  values  read  from 
the  Wilkinson  Charts.    The  above  results  check  exactly  with  those  obtained  by  convergent  series.     (See  Chart  XI). 


irom  which  these  two  functions  (and  others)  :nay  be 
obtained  directly,  thus  very  materially  shortening  the 
solution  by  hyperbolic  functions.  Since  complex  angles 
have  two  variable  components  (S,  +  ;  Q^)  tables  of 
functions  of  such  angles  would  have  to  be  quite  exten- 
sive in  order  that  the  steps  for  which  values  for  the 
functions  are  given  be  not  excessive.  Although  tables 
of  functions  of  complex  angles  are  not  as  complete  as 
is  desired  they  are  a  great  help  in  the  solution  of  o/di- 


,'.s  obtained  by  different  rigorous  methods.     Ordinn'ily 
these  values  would  be  taken  from  tables. 

SOLUTION  BY   NOMINAL  v  METHOD 

By  this  method,  in  place  of  considering  the  admit- 
tance of  the  circuit  as  being  distributed  (as  it  is  in  the 
actual  circuit)  it  is  based  upon  the  assuinption  that  the 
total  conductor  admittance  may  be  lumped  at  two  points, 
one  half  being  placed  at  each  end  of  the  circuit.     Such 
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CHART  XVII— RIGOROUS  EQUIVALENT  n  SOLUTION  OF  PROBLEM    X 


94.74  /38°5I'  38' AMPS. 


=  263.083    W  44'  41  'OHMS  RECEIVING 
' END 


lp=  90.76/3°  6' 56'AMPS 
1^3=  67.0698  \  1 07°  10'  30' AMPS. 
|(,p  =  48.6026    /89°  10' 

^  =  0.000807766   /89°  I  0'  46'  MHO *<n±  o   l§ 


CHARACTERISTICS    OF  CIRCUIT 

LENGTH,  300  MILtS  GYCLES.  60. 

CONDUCTORS-  3  «■  000  STRANDED  COPPER. 
SPACING  OF  CONDUCTORS  10X10X20  FEET. 
EQUAVALENT  DELTA  SPACING  =  l2,e  FT. 

LINEAR  CONSTANTS  OF  CIRCUIT 

FROM  TABLES  PER  MILE 
TABLE    NO.  2.  r=  0.350  OHM  AT  26°  C, 
TABLE    NO.  5.  X=0.83O  OHM  (BY  INTERPOLATION), 
TABLE  NO.  10  b=  5-21  X  10"^  MHO  (BY  INTERPOLATION) 
g=(IN  THIS  CASE  TAKEN  AS  ZERO) 
TOTAL  PER  CONDUCTOR 
R   =  0 .350  X  300  =  105  OHMS  TOTAL  RESISTANCE. 
X  =  0.830  X  300  =  249  OHMS  TOTAL  REACTANCE. 
B  =  6.21  X  300  X  10" ''  =  .001563  MHO  TOTAL  SUSCEPTANCE. 
G  =     0  X  300  =  0  MHO  TOTAL  CONDUCTANCE. 


SOLUTION  FOR  HYPERBOLIC  ANGLE  9=VZY 


Z  =  I  05 +j  249 

=  270.233  /67°8'8' 


Y  =  O  +  jO.001663 
=  0.001563  190° 


6  =Y  270.233    /67°  8'  8'X0.00IS63    190° 
=  YO.4223745    /I  57°  8'  8' 
=      0.6499035    /78'  34'  4'  HYP. 
=     0.6499035    /78°.5678  HYP. 
=     0.I288I68+J0.6370092  HYP. 

FROM   DR.  KENNELLY'S  CHARTS 

SINHO 


CHART  XIX     ■^"^""  =  0.9365366 
nuAOT  yv,    TANHb/2 


6094  =  0  9365365 /l°  36'  33' 
1.033698    \0'.8206=  1.033596  \0"49'  I  5' 


*  THESE  VALUES  WERE  CALCULATED  IN  ORDER  TO  OBTAIN  A  HIGH 
DEGREE  OF  ACCURACY  FOR  THE  PURPOSE  OF  DEMONSTRATING  THE 
FUNDAMENTAL    ACCURACY  OF  THIS  METHOD. 

CORRECTION  OF  LINEAR  CONSTANTS 

Z'  =  270.233  /  67°  8' 8' X  0.9366365   /l°36'  33' 

=  253.083    /68°44'4I'  (WHICH  IS  AUXILIARY  CONSTANT(B)  ,1 
=  9  1 .7486  +  j  235.866  OHMS 
Y'=  0.001663    [90^X1.033698    \0°49'  16' 
=  0.001616512   /89°  I  0' 45'  MHO 

Y' 

-^  =  0.000807756   /89'  10' 45' 

=  0.0000  I  I  57  I  +  j  0.00080787 

=  1238    \89'  I0'45'   OHMS     REACTANCE. 


CALCULATION   OF   PERFORMANCE  • 

PER  PHASE  TO  NEUTRAL 

_  I  8,000  _ 


KW 


RN  " 


16,200 


5,400. 
'99.92. 


90%  LAGGING. 


RECEIVING-END  CONDITIONS 

I  „Pj=  60,046X0.000807766    /89°  I  0' 45' =  48.5026   /89°  I  0' 45" 
=  0.6948 +  j  48.4973  AMP. 
Ip;=99.92(0.90-j0.436)+  0.6948  +  j  48.4973 
=  90.623+  J4.9322  AMPS. 
=  90.76    /3'  6'  65'  AMPS. 

PFf!=  cos  3°  6' 66' =  99.85%  LEADING. 
KWoR=  60,046  (0.6948 +j 48.4973) 

=  4I.72  +  J29I2.069 
KWrm=  6000  (0.90-j0.436)+4l.72  +  j29l2.07 

=  5441.72  +  1296.07 


I     7   =  90.76  /3°  6' 65' X  263.083  ;  68°  44' 41' 
'r^  I 

=  22970    /7r  5I'36'  VOLTS 

=  7161+j  21,828  VOLTS 

SENDING-END  CONDITIONS 

EsN  =  60,046  +  7  I  5  I  +  j  2  I  828 
=  67,197  + j  2  1,828  VOLTS 
=  70,662  /l7'59'  45'  VOLTS 
I        =  70,652  X  0.000807766  /89°I0'45' 

=  0.8  1  75+  j  67,0635  (TO  SUPPLY  END  VOLTAGE) 
=  67.0696  \I07'  10'  30'  TO  VECTOR  OF  REFERENCE 
=  -  I  6. 8504  + j  54.5089 
I S  =( 90,623  +  j  4,9322)  +  (  -  1 6,8504  +  j  54.5039 ) 
=  73.77+59.44  AMPS. 
=  94.74    /38°5r  38'  AMPS, 

PFs=  COS  38°  51' 38' -17°  69' 46"  =  93.44%  LEADING 
K  WsN=  70.662  X  94.74  X  .9344  =  6255  KW  PER  PHASE 
LOSS=  6256- 5400  =  855  KW  PER  PHASE 
86.33% 

ZERO  LOAD  CONDITIONS 

)VgLTJ_ 


RECElVING-ENO  VOLTAGE  =  60.046  VOLTS 
IP'  =  (0.6948 +  j  48.4973)  X  91.7486  =  64+ j  4449     VOLTS 

IX'  =  (-48.4973+ J0.6948)X  235.866=-  11433+ j  164 
IR'+IX'  =  -11374+4613 

E  =  (60,046 -I  I  373)+ 461  3  =48890  VOLTS      /6°24'5i' 


*The  above  results  check  with  those  obtained  by  convergent  series,     (See  Chart  XIII), 
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an  artificial  circuit  is  known  as  a  "nominal  tt"  circuit 
since  the  nominal  values  of  impedance  and  admittance 
are  ascribed  to  this  circuit.  On  the  above  assumption, 
the  current  per  conductor  is  the  vector  sum  of  the 
leceiving  end  load  and  the  receiving  end  condenser  cur- 
rents. The  sending  end  current  is  the  vector  sum  of 
the  conductor  and  the  sending  end  condenser  currents. 
The  performance  of  such  a  circuit  may  be  determined 
cither  graphically  or  mathematically. 


CHART  XVIII-KENNELLY  CHART  FOR  IMPEDANCE  CORRECTING 

FACTOR 

For  angles  having  polar  values  between  o  and  0.40. 

BE»0  POLAR  VALUE  "SIZE"  OF  CORRECTING  TACTOR  HERE 
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cncuit  which  it  represents,  owing  to  an  error  due  to  the 
lumpiness  of  the  artificial  circuit.  Dr.  Kennelly  has 
.<hown  that  by  making  certain  modifications  in  the  linear 
01  fundamental  constants  for  th.i  impedance  and  adirnt- 
tance  of  the  nominal  it  circuit,  the  lumpiness  error  will 
vanish,  so  that  the  artificial  circuit  will  then  truly  re- 
present at  the  terminals  the  behavior  under  steady  state 
operation,  taking  distributed  admittance  into  account. 
Such  a  corrected  artificial  circuit  is  known  as  the 
"equivalent"  tt  circuit,  be- 
cause it  then  becomes  ex- 
ternally equivalent  to  the 
actual  circuit,  having  dis- 
tributed constants,  in  every 
respect. 

The  complex  numbers 
which  must  be  applied  to  the 
impedance,  Z  and  the  admit- 
tances, —  and  —  of  the 
nominal  t  circuit  in  order  to 
correct  these  nominal  values 
into  the  equivalent  circuit  are 
called  the  correcting  factors 
of  the  nominal  it  circuit.  The 
nominal  values  of  the  imped- 
ance Z  and   the   admittances 

--  of  the  circuit  must  be 
multiplied  by  these  vector 
correcting  factors  in  order  to 
convert  them  into  the  "equiv- 
alent" values;  thus: — 

sxnh  6 
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tanh  6l 2 


To  find  the  vector  "correcting  factor"  rorresponding  to  any  complex  line  angle  6,  of  a 
circuit,  the  angle  6  is  expressed  in  polar  form  with  the  slope  in  fractional  degrees.  The 
correcting  factor  as  read  from  the  chart  will  be  in  polar  form  with  its  slope  in  fractional 
degrees.     Consult  Table  P  for  rapid  conversion  to  minutes  and  seconds.     For  example: — 

0  =  0.3  /6S°.  correcting  factor  =  0.9893  /"°  -fo  —  o.9f'03  /o°.^6'oo" 

6  =  a2l5  /So°  .5,  correcting  factor  =  0.0027  /o°  .ijQ  =  &9027  /o°o8's6" 

If  the  circuit  is  not  of  great  electrical  length,  (?ay 
rot  over  100  miles  at  60  cycles  or  200  miles  at  25 
cycles)  the  performance  of  the  corresponding  nominal 
r  circuit  will  not  be  materially  different  from  that  of 
the  actual  circuit  having  distributed  constants  whicf  it 
imitates.  If,  however,  the  circuit  is  of  great  electrical 
length  the  performance  of  the  nominal  n-  circuit  no 
longer  closely  imitates  the  performance  of  the  actual 


2         e/2 
Where  6  =  ]   Z7'  is   the  hy- 
perbolic  complex  angle   sub- 
tended by  the  circuit. 

Complete    tables    6f   hy- 
perbolic functions  are  not  al- 
ways   available;    then    again, 
many     engineers     have     a 
natural  aversion  to  the  use  of 
such   functions.     In  order  to 
avoid  these  objections  as  well 
as    to    simplify    calculations, 
Dr.     Kennelly     has     charted 
these  "correcting  factors"  for 
hyperbolic  complex  angles  up 
to  5  ^  i.o  radian  in  steps  of 
o.oi  in  size  and  i  degree  in 
slope.      The    writer    is    particularly    indebted    to  Dr. 
Kennelly  for  these  charts,  which  are  reproduced  here- 
with for  the  first  time,  as  Charts  XVIII,  XIX,  XX  and 
XXI.     It  is  believed  that  the  use  of  these  charts  will 
.greatly  simplify  the  calculation  of  the  performance  of 
electric  power  transmission  circuits  by  hyperbolic  func- 
tions.    They  enable  the  vector  values  of  these  ratios  to 
be  read  to  at  least  three  decimal  place?  in  sizes  and  to 
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two  decimal  places  in  slope,  and  their  availability  makes 
the  use  of  tables  of  hyperbolic  functions  unnecessary. 
The  corrected  conductor  impedance  Z'  is  the  same  as 
the  familiar  auxiliary  constant  B. 

EQUIVALENT  it  SOLUTION  FOR  PROBLEM  X 


In  order  to  illustrate  the  exact  agreement  in  the  re- 
sults as  obtained  by  the  equivalent  ir  method  with  those 
obtained  by  either  the  convergent  series  or  pure  hyper- 
Lolic  solution,  the  ratio  values  used  for  this  proD.em 
were  calculated  and  not  obtained  graphically.     The  ac- 


CHART  XiX— KENNELLY  CHART  FOR  IMPEDANCE 
CORRECTING  FACTOR 

For  angles  having  polar  value?  between  0.40  and  l.O. 


The  solution   for  problem  .Y  by  the  equivalent  it     curacy  in  the  performance  resulting  from  the  use  of 
method  is  given  in  Chart  XVII.     At  the  top  of  the  sheet     rstio  values  taken   from  the  charts  is  well  within  the 
are  two  diagrams,  one  a  diagram  for  one  conductor  of     requirements  of  practical  power  circuits.     The  maihe- 
the  circuit  of  problem  X  and  the  other  a  correspondmg     matical  solution  for  these  factors  is  given  in  Fig.  48. 
vector  diagram  of  the  currents  and  the  volt- 
ages at  both  ends.     The  numerical  values  of 
the  angles   and  the   quantities   pertaining  to 
problem  X  are  placed  upon  the  two  diagrams 
for  the  purpose  of  assisting  in  following  the 
mathematical  solution. 

The  physical  properties  of  the  circuit  are 
first  set  down,  its  linear  constants  obtamed 
from  the  tables  of  constants  and  multiplied  by 
the  length  of  the  circuit  to  obtain  the  total 
values  per  conductor.  The  next  procedure 
is  to  calculate  the  hyperbolic  angle  6  of  the 
circuit.  To  do  this  the  impedance  and  the 
admittance  of  the  circuit  are  set  down  as 
complex  quantities  in  the  form  of  polar  co- 
ordinates and  multiplied  together  by  multiply- 
ing their  slopes  and  adding  their  angles.  The 
square  root  of  the  resulting  vector  is  ob- 
tained by  taking  the  square  root  of  the  slope 
and  halving  the  angle.  The  result  is  the  hy- 
perbolic angle  6  of  the  circuit  expressed  in 
hyps. 

The  ratio  charts  XIX  and  XXI  are  next 


consulted   and   the   correctin 
tanh  6/2 


s'mh  B 
values  — „ — 


and 


corresponding    to    the    hvper-       3.o°  — 


bolic  angle  of  the  circuit  read  off.  Having 
thus  obtained  the  correcting  factors  corre- 
sponding to  this  circuit,  the  linear  impedance 
Z  and  linear  admittance  Y  per  conductor  are 
multiplied  respectively  by  the  sinh  and  the 
tanh  correcting  factors. 

If  the  circuit  under  consideration  is  elec- 
trically short  the  effect  of  these  correcting 
factors  upon  the  linear  constants  will  be  small 
and  possibly  negligible  but,  as  the  circuit  be- 
comes longer,  their  effect  becomes  increas- 
ingly greater.  The  effect  of  the  correcting 
factors  for  problem  X  is  to  change  the  linear 
impedance  Z  from  270.233  767°  08'  08"  to 
Z'  =  253.983  /68°  44'  41"  and  to  change  the 
hnear    admittance    Y    from    0.001563      90"^ 


To  find  the  vector  "correcting  factor"  corresponding  to  any  complex 
line  angle  6,  of  a  circuit,  the  angle  6  is  expressed  in  polar  form  with  the 
slope  in  fractional  degrees.  The  correcting  factor  as  read  from  the  chart 
will  he  in  polar  form  with  its  slope  in  fractional  degrees.  Consult  Table 
P   for  rapid  conversion  to  minutes  and  seconds.     For  example: — 

e  —  0.8  Z62!,  correcting  factor  =  0.943  /s°  .10  =  0.943  /';°ii'24" 
e   =  0.6499   /-8"  .57,   correcting   factor   =  0.9365   /l°  -61   =  O.9365 
/i°.36'36" 


to    Y'    = 

n.001615512  789°  10'  45".  In  other  words  this  circuit 
will  behave  in  the  steady  state  at  60  cycles  as  though 
its  conductor  resistance  were  reduced  from  105  to 
91.7486  ohms  and  its  inductive  reactance  reduced  froi'n 
249  to  235.866  ohms.  Similarly  it  will  behave  as 
though  a  non-inductive  leak  of  11. 571  micromhos,  has 
been  applied  to  each  condenser  in  shunt. 


Having  determined  the  coriected  values  for  the 
impedance  Z'  and  the  admittance  Y'  which  will  produce 
exact  results,  the  remainder  of  the  solution  may  be 
carried  out  graphically  as  indicated  by  the  vector  dia- 
gram in  the  upper  right  hand  p;.'rt  of  Chart  XVII  or 
mathematically  as  indicated  under  this  vector  diagrr.m. 

EQUIV.\LENT  T  SOLUTION 

Dr.  Kennelly  has  shown  that  the  correcting  factors 
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which  convert  the  nominal  ir  into  the  equivalent  jt  of 
the  conjugate  smooth  line,  are  the  same  as  those  which 
convert  the  nominal  T  into  the  equivalent  T,  but  in  in- 
verse order; — that  is  the  correcting  factors  for  the 
nominal  T  line  are 

tank  els 


Z'  =  Z- 

Y'  =  y   - 
CHART  XX- 

For  aiiyli 


e/2 
ink  0 
0 

-KENNELLY  CHART    FOR  ADMITTANCE 
CORRECTING  FACTOR 

s  haviiig  [lolar  values  between  o  and  0.20. 


RE«0     POL*B  VALUE  "size  ■  OF    CORRECTING  TACTOn  HERE 


To  find  the  vector  correcting  factor  corresponding  to  any  com- 
plex line  angle  6  of  a  circnit,  the  angle  0  is  expressed  in  polar  form 
with  the  slope  in  fractional  degrees.     The  angle  of  the  line,  0,  is 

/  e  \ 

then  divided  by  2  I -j- I   as  it  is  necessary  to  enter  the  admittance 

charts  with  half  the  angle  0.    The  correcting  factor  as  read  from 
the  chart  will  be  in  polar  form  with  its  slope  in  fractional  degrees. 
Con  suit  Table  P  for  rapid  conversion  to  minutes  and  seconds.    For 
example :  — 


Either  the  equivalent  v  or  tht;  equivalent  T  solution 
may  be  used  by  applying  the  two  correcting  factors 
properly.  Usually  less  arithematical  work  will  be  re- 
quired for  the  equivalent  tt  solution. 

ELECTRICAL  CONDITIONS  AT  INTERMEDIATE  POINTS 

In  the  foregoing,  the  behavior  of  cir- 
cuits at  their  terminals  has  been  considered. 
In  some  cases  it  may  be  desirable  to  prede- 
termine the  voltage  and  the  current  at  pomts 
along  the  circuit  between  the  terminals.  This 
may  be  particularly  desirable  in  case  of  cir- 
cuits of  great  electrical  length  and  conse- 
quently having  a  pronounced  bend  or  hump 
in  the  voltage  graphs  representing  the  volt- 
age at  points  along  the  circuit.  In  Fig.  21 
valtage  and  current  graphs  were  shown  for 
the  circuit  of  problem  X  corresponding  to 
zero  load ;  also  load  conditions.  Accompany- ' 
ing  this  stated  was  the  step-by-step  method  by 
which  the  current  and  voltage  at  these  inter- 
mediate points  had  been  detennined.  In  a 
corresponding  manner  the  intermediate  elec- 
trical conditions  may  be  determined  by  the 
employment  of  hyperbolic  functions.  It  is 
usual,  however,  when  employing  hyperbolic 
functions  for  determining  the  voltage  or  the 
current  at  points  along  a  smooth  circu't.  in 
the  steady  state,  to  take  advantage  of  the  fol- 
lowing facts  relative  to  the  variation  in  cur- 
rent and  potential  from  point  to  point  in  such 
a  circuit. 

The  potentials  of  any  and  all  points  of 
such  a  circuit  are  as  the  sines  and  the  cur- 
rents as  the  cosines  of  the  corresponding  posi- 
tion angles.  This  means  that  if  the  position 
angles  corresponding  to  two  points  of  a 
smooth  circuit  in  the  steady  state  are  known, 
and  the  voltage  or  the  current  at  one  of  these 
points  is  also  known,  then  the  voltage  or  cur- 
rent at  any  other  point  will  be  directly  pro- 
portional to  the  sine  or  the  cosine  respectively 
of  the  corresponding  position  angles.  In  a 
similar  manner,  the  impedance  follows  the 
tangents,  the  admittance  the  cotangents  and 
the  volt-amperes  the  sines  of  twice  the  angles. 
Herein  lines  the  beauty  of  the  application  of 
hyperbolic  functions  of  complex  angles  for 
determining  the  electrical  performance  of 
electric  circuits.  The  relationship  expressed 
above  (taken  from  Dr.  Kennelly's  "Artificial 
Electric  Lines")  are  given  in  equation  form 
below  for  ready  reference: — 
siv.h  0,, 


.055 


6=  o,A  /61".  (    —  )=:  0.2  /h\\  correcting   factor  =   1.O07   \o 
=  t.oo7    \o'39'ii:>" 

6-  a326  775''  .5.(  T")~  o.i6j  775"  -5.  correcting  factor  =  100;: 
\o"  .25  =  10078  \o"i5'oo" 


£„ 
/,. 

/c 

Z, 


siiih  0c 
cosh  0p 
cosli  0c 

tank  0|. 

tank  0c 

colli  0,. 
^  coth  0c 
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I  sinli  2  Br, 


I  sinh  2  e,    I  "»'"""•  ~ 
Where  p  and  c  are  points  along  the  circuit,  c  being 
seme  point  where  the  electrical  conditions  are  known, 
and  p  the  point  for  which  they  are  to  be  computed.   The 
vertical  lines  enclosing  the  two  parts  of  the 
last  equation  are  for  the  purpose  of  indicat- 
ing that  the  "size"  of  these  complex  quanti- 
ties are  referred  to  in  this  equation. 

POSITION  ANGLES 

Reference  has  been  made  to  the  line  as 
subtending  a  certain  complex  hyperbolic 
angle  %.  Since  the  circuit  through  the  load 
also  encounters  resistance  and  reactance,  the 
load  may  be  said  to  subtend  also  a  certain 
complex  hyperbolic  angle,  so  that  the  receiv- 
ing end  of  the  circuit  occupies  an  angular 
position  6r.  The  total  angle  of  the  circuit 
(line  and  load)  will  be  61^  -f  6  =  ^s-  By 
similar  reasoning  all  points  lying  between  the 
receiving  and  sending  ends  of  a  line  will 
occupy  or  assume  an  angular  position  ^p.  If 
that  part  of  the  linear  angle  Q  of  the  line  be- 
tween the  receiving  end  and  the  point  />  be 
designated  as  6pr,  then  the  angular  position 
of  the  point  p  will  be  6p  =  ^r  +  ^pr-  Thus, 
at  a  point  in  the  middle  of  the  line,  the  posi- 
tion   angle    will    be    6p    =    (*r    +    ^pr    = 

If  the  line  is  grotmded  or  short-circuited 
at  the  receiving  end,  there  will  be  no  load  con- 
taining resistance  and  reactance,  and  conse- 
quently no  load  angle.  In  such  case  6^  =  0 
and  the  distribution  of  position  angles  along 
the  line  will  be  purely  a  linear  function  of  the 
total  line  angle  0.     In  such  a  case  B^  =  0. 

Load  Conditions — In  Fig.  49  the  proce- 
dure is  shown  which  may  be  followed  for  de- 
termining by  complex  functions  of  position 
angles  the  current  and  the  voltage  vectors  at 
points  25  miles  apart  along  problem  .Y  circuit, 
under  load  conditions. 

The  procedure  is  first  to  determine  the 
complex  angle  0^  at  the  receiving  end  result- 
ing from  the  load.  The  mathematical  deter- 
mination of  this  load  angle  is  tedious.  Such 
determination  is  given  for  problem  X  circuit 
under  stated  load  in  Fig.  49.  This  complex 
angle  6^  of  the  load  (that  is  the  position  angle 
at  the  receiving  end)  is  such  that  its  complex 
tangent  equals  the  impedance  load  S  to 
ground,  or  zero  potential,  at  the  receiving  end 
of  line  (ohms  '  )  divided  by  the  surge  im- 
pedance Z„  of  a  conductor  (ohms  :  ). 
That  is, — 

S 


valus  may  be  taken  either  per  unit  length  or  total  per 
conductor.  Although  tanh  6^  is  readily  calculated,  as 
may  be  seen  by  consulting  Fig.  49,  the  subsequent  cal- 
culation for  the  corresponding  angle  6^  is  tedious.   After 


CHART   XXI— KENNELLY  CHART  FOR  ADMITTANCE 
CORRECTING   FACTOR 

For  angles  having  polar  values  between  0.20  and  0.50. 


READ  POLAR  VALUE  "SIZE"  OF  CORRECTING  FACTOR  MERE 

To  find  the  vector  correcting  factor  corresponding  to  any  complex 
line  angle  6,  of  a  circuit,  the  angle  6  is  expressed  in  polar  form  with  the 
slope  in   fractional  degrees.     The  angle  of  the  line  8  is  then  divided  by 

2  \~/as  It  IS  necessarj-  to  enter  the  admittance  charts  with  half  the 
angle  0.  The  correcting  factor  as  read  from  the  chart  will  be  in  polar 
form  with  its  slope  in  fractional  degrees.  Consult  Table  P  for  rapid 
conversion  to  minutes  and  seconds.     For  example : — 

e  =  0.84  /6c)°,  (— -  )  =  0.4-2  /("•o".  correcting  factor  =  1.045   V"  -4 

=  1.045  \2"4roo" 

56.S,   {-^)   =  0.3250  /-S°  .s<''S,  cor«cting   factor 


0  =  0.6400  //!• 
I.034V°-83  =  "-034   \o"49'48" 


taith  «r  = 


z, 


Since  we  are  here  interested  only  in  the  ratio  be- 
tween the  load  impedance  and  the  surge  impedance,  the 


having  calculated  the  tanh  6,.,  the  corresponding  angle  Or 
may  be  obtained  with  sufficient  accuracy  from  a  table 
of  tangents  of   complex  angles  or,  more   readily  still, 
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from  a  chart  of  such  functions.*  After  having  de- 
termined the  angle  0i  by  consulting  a  chart  of  tangents 
of  complex  angles,  or  by  mathematical  calculation,  as 
in  Fig.  49',  the  position  angles  at  points  along  the  cir- 
cuit may  easily  and  readily  be  determined  as  follows : — 
The  change  in  the  position  angle  from  point  to 
point  along  the  circuit,  due  to  the  line  impedance  and 

TABLE  P— SUBDIVISIONS  OF  A  DEGREE 
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TO 
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DEGREES 
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o'.oos  = 


a'z4'3(,'' 

O'  00    13' 
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the  line  admittance  is  purely  a  linear  function  of  the 
line  angle  B.  This  is  the  case  whether  the  line  is 
grounded,  loaded  or  free  at  the  receiving  end. 

Referring  to  Fig.  49,  the  angular  position  of  the 


♦Such  as  that  worked  out  l>y  Dr.  Kennelly  and  published  by 
the  Harvard  University  Press.  The  chart  atlas  referred  to 
contains  graphs  of  complex  tangents  of  complex  angles,  and  by 
following  the  chart  in  the  reverse  from  the  usual  direction  the 
complex  angle  corresponding  to  any  complex  tangent  may  be 
read  off  directly. 


receiving  end,  due  to  the  load  conditions  assumed,  was 
calculated  to  be  0.48047  -f-  j  1.06354.  It  is  therefore 
necessary  to  add  this  angle  to  each  of  the  linear  line 
angles  of  the  various  points  along  the  line  in  order  to 
obtain  the  position  angles  of  the  points  in  question. 
Thus  the  linear  line  angle  of  the  middle  point  of  the 
circuit  is  0.0644084  -\-  j  0.3185046  and  adding  to  this 
the  load  angle  0.48047  +  J  1-06354  gives  0.544874  + 
J  1.3820446,  which  corresponds  with  the  entry  in  the 
t.ibulation  of  Fig.  51  for  the  position  angle  at  the  middle 
of  the  circuit.  In  a  similar  manner  position  angles  for 
the  load  assumed  are  readily  determined  for  points  25 
miles  apart.  Having  determined  the  position  angles  for 
the  various  points  along  the  circuit,  the  sines  and  the 
cosines  corresponding  to  these  position  angles  may  be 
approximated  closely  from  tables  or  charts  of  such  com- 
plex functions,  or  may  be  calculated  accurately  by  fol- 
lowing the  equations  at  the  lower  left  hand  corner  of 
Fig.  51.  Since  the  receiving  end  voltage  and  cunent 
are  known  to  be  60  046  volts  and  99.92  amperes  respec- 
tively, the  voltage  and  currents  at  all  other  points  of  this 
circuit  will  be  as  the  sines  and  cosines  of  the  corre- 
sponding position  angles.  From  the  vector  quantities 
that  have  been  assigned  to  the  voltage  and  current  at 
the  points  along  the  circuit,  the  power-factors  at  these 
points  are  readily  determined. 

The  current  and  voltage  graphs  at  the  bottom  of 
Fig.  51  were  plotted  from  values  as  determined  by  the 
use  of  functions  of  position  angles.  These  check  ex- 
actly with  similar  graphs  as  determined  by  the  Wilkin- 
son charts  and  step-by-tep  process  (See  Fig.  21). 

Zero  Load  Condition — The  procedure  which  may 
be  followed  for  determining  the  position  angles  under 
zero  load,  their  functions  and  the  corresponding  current 
and  voltage  distribution  is  the  same  as  given  above  for 
load  conditions  and  is  shown  in  Fig.  50.  In  this  case, 
however,  there  is  no  load  and  consequently  no  real 
part  to  the  load  angle.  On  the  other  hand  the  imped- 
ance of  the  load  is  infinite,  that  is  8  =  <x   so  that  6^  = 

tiinJi^-y-  =y~-.  The  effect  of  this  supersurge  impediince 
load  at  the  receiving  end  at  zero  load  is  to  cause  a  phase 
rotation  of  90  degrees  or  one  quadrant,  /  ^-  =  1.57080 

circular  radians.  Thus,  at  zero  load,  6ro  ^f''  "l~  /~7"  )  ~ 
"  +  y  1.57080  and  this  angle  must  be  added  to  each  of 
the  linear  position  angles  of  the  points  along  the  line. 
With  the  position  angles  corresponding  to  zero  load  thus 
obtained,  and  assigned  to  the  points  along  the  circuit, 
the  voltage  will  be  found  to  follow  the  sines,  and  the 
current  the  cosines,  etc.  of  these  position  angles. 

POLAR   DIAGRAM    OF   CURRENT   VOLTAGE 

In  Fig.  52  are  shown  the  polar  graphs  of  the  volt- 
age and  the  current  for  problem  A',  corresponding  to 
load,  and  also  to  zero  load  conditions.  These  polar 
graphs  were  plotted  from  the  vector  values  for  current 
and  voltage  as  tabulated  in  Figs.  49  and  50  for  each  25 
miles  of  circuit. 
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EFFECT  OF  HARMONIC  CURRENTS  AND  VOLTAGES  wavc,  then  it  will  be  iiecessaiy  to  take  their  effect  into 

The  foregoing  discussion  is  based  upon  the  assump-     account,  if  high  accuracy  is  essential.     In  such  a  case 

tion  that  the   fundamental  wave  is  of  sine  shapeand     there  is  an  independent  solution  required  of  potential 


R  =  105    OHMS.        X=24'7  0HMS. 
G=0MHO.  Y=  O-0O/563  MHO. 

2.  =  Z70. 233/^7°  OS'OS" 

y=o.ooi£i3l9o° 
6=^fzT  =^0.422  374  S/iS7°oe'0'g"' 

=  O.IZ%2li>?+j0.i>37  00^  Z 


CALCULATION  FOR  ^"^"  "^ 

e 
SINH  3=0. /03  S39  3 -tj  0,S99  73S 

=  o.io  S&SS3/80°/0'3'S"    if- 
SiNHd       O.COe  &SS3  /80''/0'3  7" 
6  0.6^9  903  S/TS'  S^'O^" 

=  0.93  6  S3^  S//''3i,'33" 
=    IMPESflNCe    CORRECTING  f=/JCTOR. 


6  e/2 

-2  =0.3  24  95/  g/7g°  34  04-'^ 

=  0.0^4  40  84  + jo.  3;  8  504  6 

Q 

SlNH-^=O.O&/2l/2Z-l-j0-3l37963 

=  0.319  7/0  7  lZlHlj±l!' 
a 
COSH-^=0.9S/  i,7S^i-j  O.OZO  /83  2 

=  0.9s/  8  89  ■fliZlZlS±' 

6_^  SINH (6/2)^  ^3/9  y,o  y/78'S7'^3' 
'■'^^"2        C0SH(e/z)    0.9s/  SZf^JI"  I2'64' 

-=    0.33S  Si9  4  l22l±±l±l'' 
TFINH  (6/z)  _    0.335   8^9^  /77°-?-f'4?" 
6/Z  0.3  24  9-51  8/78°  S^'O-^" 

=  /.033S9  9  \0°-4 <?'/.$■" 

^^  flDrilTTflNCE     CORRECT/NG    FftCTOR. 


CHECK,  SiNH  B  =  2  SINH-^  COSH-^  =  2X.03I9  7/07  17  8''£7'4-^"  X  0.9  S  I  889'i- /  J°  IZ'S^ 

-   O.b  0  8  ^5g4/gO°/o'3g*(wwg^  cn£Cici  vwiTH  HtJ. 
FIG.   48— MATHEMATICAL   DETERMINATION   OF   CORRECTING   FACTORS   FOR   EQUIVALENT  T   SOLUTION 


PROBLEM   "X" 

z=/ 

o5+^Z49= 

■-Z70.Z33M7°08'0d'0HMS. 

Y- 
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e= 
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\25°  50' 3/" 

SOLUTION   FOR  1 
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-  1.44  5  I  Z   1 37°  lip' 27" 
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SOLUTION  FOR  ANGLE  ©„ 
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=  i.l4  9  95  +;j 0,S76Z09  (yjHicH  checks  snith  *). 


FIG.  49 — POSITION  ANGLE  ^r  AT  RECEIVING-END 

Mathematical  determination  at  load  conditions. 

consequently   free    from   harmonics.     If   harmonics   of     and  current  for  each  single  frequency  in  turn,  as  though 
considerable  magnitude  are  present  in  the  fundamental     the  others  did  not  exist,  and  then  the  r.m.s.  value  at 
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GRAPHS  OF  CURRENT  AND  VOLTAGE    (ZERO  LOAD  CONDITIONS) 


SENDING 
END 


126  ISO  175  200 

DISTANCE  FROM  SENDINGEND  (MILES) 


275  300 

RECEIVINQ 
END 


siNH(e|+je2)=(siNHe|  cose2+jCOSHe|  sinOj). 
COSH  (9| +j  82)= (COSH  9|  COS  O2+J  SINH  e,  sin  62). 

ONE  QUADRANT=  1 .67079632  CIRCULAR  RADIANS 
ONE  CIRCULAR  RADIAN=206264,8062'=67'  I  T  44.8" 


ANGLE  AT  RECEIVING  END    0pQ=  0      +j  I   57080 

ANGLE  OF  LINE    0        =0. 1  2882->  j  0.6370  I 

fl„^=ft+ft       =O.I2882  +  j2. 20781 
ex.    =0.00042939  +  ;  0.002 1  2336  "SO    "     "RO 


FIG.    50 — CURKENT  AND  VOLT.VGE  DISTRIDUTION 

For  problem  X  by  position  angles  (zero  load  conditions). 
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GRAPHS  OF  CURRENT  AND  VOLTAGE  (LOAD  CONDITIONS) 


.  .VOLTAGF 


SENDING 
END 


100  125  150  175  200 

DISTANCE  FROM  SENDING-END  (MILES) 


300 

RECEIVING 

END 


SINH  (e|-f  j  e2)=(SiNH  e,  cos  Oj-f  j  cosh  e,  sin  Oj). 

COSH  (0,  + j  e2)  =  (C0SH  0|  COS  62  + j  SINH  0,  SIN  Bj). 


ONE  QUADRANT=I.57079632  CIRCULAR  RADIANS. 
ONE  CIRCULAR  RADIAN=206264.8062-=57"  I  7'  44.8': 


ANGLE  AT  RECEIVING  END    0r=O  48047+  106354 

ANGLE  OF  LINE    9     =O.I2B82t  0  63701 

Q   =  9+A     =0  60929+  I   7006f 

OC  =0.00042939+) 0  002  I  2336 


FIG.   51 — CURKF.NT  AND  VOLTAGE  DISTRintlTION 

For  problem  A'  hy  position  angles   (load  conditions). 
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any  point  on  the  line  is  the  perpendicular  sum  of  the 
cparate  frequency  values. 

A  detail  discussion  of  the  manner  of  including  the 
effect  of  harmonic  components  in  the  current  and  volt- 
age waves  is  quoted  below  from  Dr.  Kennelly's  "Artifi- 
cial Electric  Lines." 

"The  ordiTiary  complex  liaimouic  impressed  c.m.f.  contains 
a  fundameiilal  frequency  associated  with  multiple  frequency 
harmonics.  The  ;ith  multiple  of  the  frequency  is  called  the  »nh 
harmonic.  The  fundameiUal  may  thus  he  included  as  the  first 
harmonic. 

"In  order  to  deal  with  the  plural- frequency  case  quantita- 
tively, it  is  necessary  to  analyze  the  impressed  potential  wave 
iiito  its  harmonic  components.  As  is  well  known,  the  complete 
Fourier  analysis  of  a  complex  wave  may  he  written 


SENDING- 

END 

25  MILES 

60 

GRAPH  OF  CURRENT 

75 
100 

(  ZERO  LOAD  CONDITIONS  ) 

^■-^ 

125 

^ 

150 

175 

^O 

c<^y 

200 
225 

2  CO 

275      --' 

^-^^          —          \ 

,/--^^ 

— -~~i -^ 

line,  we  require  to  know  the  harmonic  analysis  of  the  impressed 
potential,  either  in  sine  and  cosine  harmonics,  or  in  resultant 
harmonics,  the  latter  analysis  is  preferable,  as  being  shorter 
and  containing  fewer  terms.  A  decision  must  be  made  as  to 
the  number  of  frequencies  or  upper  harmonics  which  must  be 
taken  into  account. 

"Ordinarily,  the  sizes  of  the  harmonics  diminish  as  their 
order  increases;  but  there  are  numerous  exceptions  to  this  rule, 
as  when  some  particular  tooth  frequency  in  the  alternatitig- 
current  generator  establishes  a  prominent  size  for  that  har- 
monic. Care  must  therefore  be  exercised  not  to  exclude  any- 
important  harmonics.  On  the  other  hand,  the  fewer  the  har- 
monics to  be  dealt  with,  the  better,  because  the  labor  involved 
in  correctly  solving  the  problem  increases  in  nearly  the  same 
ratio  as  the  lunnber  of  harmonics  retained. 

"The  rule  is  to  work  out  the  position  angle,  r.m.s.  potential, 
and  r.m.s.  current  distributions,  over  the  artificial  or  conjugate 
smooth  line,  for  each  harmonic  component  in  turn,  as  though 
it  existed  alone,  and  then  to  combine  them,  at  each  position,  in 
the  well-known  way  for  root  mean  squares. 

"Combination  of  Components  of  Different  Frequencies  into 
a  R.m.s.  Resultant. — Let  the  r.m.s.  value  of  each  alternating- 
current  harmonic  component  be  obtained  by  dividing  its  ampli- 
tude with  I'  ^  in  the  usual  way,  and  let 

Kn  ... 

r.m.s.  volts     (6) 


K 


+  V" 


RECEIVING-END 


»  RECEIVING-END 
FIG.    52 — POLAR    ni.\nRAM    OF    CURKF.NT    AND    VOLTAOE   DISTRIBUTION    FOR    PROBLEM   A' 


Fo  -h  P"i  sin  u*  4-  '"=  sin  aw/  +  V,  sin  3<->t  +  V\  sin  4w<  + 

-j-  V"i  cos  <o<  -|-  V"i  cos  2w/  -f-  F"i  cos  3w<  -t- 

V"t  cos  4W/  +  volts     ( I ) 

where  Fo  is  a  continuous  potential,  such  as  might  be  developed 
by  a  storage  battery,  ordinarily  absent  in  an  a.  c.  generator 
wave,  F'l,  F"i,  F';,  F":,  etc.,  maximum  cyclic  amplitudes  of 
the  various  sine  and  cosine  components.  The  even  harmonics 
are  ordinarily  negligible  in  an  a.  c.  generator  wave;  so  that 
F':,  F";,  l" u  F"<,  etc.,  arc  ordinarily  all  zeros.  If  wc  count 
time  from  some  moment  when  the  fundamental  component 
passes  through  zero  in  the  positive  direction,  F"i  =  O  and  the 
series  becomes 

F'l  sin  bit  -)-  F'j  sin  3w/  -f-  F'o  sin  501/  +  

F"j  cos  3w/  -f-  F"g  cos  510I  -f volts     (2) 

Cc  impounding  sine  and  cosine  harmonic  components  into  result- 
.inl  harmonics  of  displaced  phase,  this  may  be  expressed  as 
1\,  sin  i,-t    I     F,,  sin   (30,1  +  /3,°)    -|-   Fr,  sin   ($<■>!  +  ^=°)   -f 

volts     (3) 

when  Fr„  =  y  V\'  +  F"„'  volts     (4) 

F"» 
and  tan  B„°  —    pi —  numeric     (51 

Formulas    (l)    and    (2)    give   the   wave    analysis    in    sine   and 

cosine  hminnnies.  while  (3)  gives  it  in  resultant  sine  harmonics. 

"When   considering  a  plural-frequency  alternating-current 


be  the  r.m.s.  value  of  the  wth  harmonic.  Then  the  r.m.s.  value 
of  all  the  harmonics  together,  over  any  considerable  number  of 

cycles,  will  be     ^ 

F  —  V    F,'  -f-  F,=  -j-  F,=  -f r.m.s.  volts     (7) 

or,  as  is  well  known,  the  joint  r.m.s.  value  of  a  plurality  of 
r.m.s.  values  of  difTerent  frequency,  is  the  square  root  of  the 
sum  of  their  squares.  If  a  continuous  potential  f'o  be  present, 
this  may  be  regarded  as  a  r.m.s.  harmonic  of  zero   frequency. 

and  be  included  thus : 

F  =  1  Fo=  +  F,'  -f  F,'  +  V,'  +  . .  .r.m.s.  volts  (8) 
Moreover,  from  (4),  it  is  evident  that  the  squares  of  the  r.m  >. 
values  of  the  sine  and  cosine  terms  of  any  harmonic  may  he 
substituted  for  the  square  of  their  resultant;  or  that,  in  this 
respect,  the  sine  and  cosine  terms  may  be  treated  as  though 
they  were  components  of  different  frequencies. 

"The  same  procedure  applies  to  plural- frequency  currents. 
Find  the  r.m.s.  resultant  harmonics.  The  r.m.s.  value  of  all 
together  will  be  the  square  root  of  the  sum  of  their  squares.  A 
continuous  current,  if  present,  may  be  included,  as  the  r.m.s. 
value  of  an  alternating  current  of  zero  frequency. 

"Graphical  Representation  of  R.m.s.  Plural-frequency  Com- 
bination.— The  process  represented  algebraically  in  (7)  or  (8) 
may  he  represented  graphically  by  the  process  of  successive  per- 


July,  1920 


THE  ELECTRIC  JOURNAL 


3" 


pcndicular  summation,  or  "crab  addition."  An  example  will 
suffice  to  make  this  clear.  A  fundamental  alternating  current 
of  100  amp.  r.m.s.,  is  associated  with  a  continuous  current  of 
50  amp.,  and  with  two  other  alternating  currents  of  other  fre- 
quencies of  20  and  10  amp.  r.m.s.,  respectively.  What  will  b'.; 
the  joint  r.m.s.  current?     Here  by  (8), 

/  =  1  100'  -\-  50-  +  20"  -f-  10"  .—  1-  ID  000  +  2500  +  400  +  100 
=  1     13000  =  114.0175  amp.  r.m.s. 

"In  Fig.  S3,  OA  represents  the  fundamental  r.m.s.  current. 
AB,  added  perpendicularly  to  OA  represents  the  contiiuious 
current,  or  current  of  50  r.m.s.  amp.  at  zero  frequency.  The 
perpendicular  sum  of  OA  and  AB  is  OB  =^  11 1.8034  amp. 
Adding  similarly  the  other  frequency  components  BC  and  CD, 
the  total  perpendicular  sum  is  OD  =  1 14.0175  amp.  The  order 
in  which  the  components  are  added  manifestly  docs  not  affect 
the  final  result,  and  it  is  a  matter  of  insignificance  whether  the 
various  frequencies  coacting  are  "harmonic,"  i.  c,  arc  integral 
multiples  of  a  fundamental,  or  not,  so  long  as  they  are  different. 

"The  complete  solution  of  an  alternating-current  line  with 
complex  harmonic  potentials  and  currents  thus  requires  an  in- 
dependent solution  of  potential  and  current  for  each  sing'e 
frequency  in  turn,  as  though  the  others  were  non-existent,  and 
then  the  r.m.s.  value  at  any  point  on  the  line  is  the  perpendicular 
sum  of  the  separate  frequency  values.  The  powers  and  energies 
of  the  different  frequencies  are  independent  of  each  other,  and 
the  total  transmitted  energ>-  is  the  sum  of  the  energies  trans- 
mitted at  the  separate  component  frequencies." 

CHOICE  OF  VARIOUS   METHODS 

Two  graphical  and  two  mathematical  forms  of  so- 
lution for  circuits  of  long  electrical  length  have  Leen 


FIG.    53 — GEOMETRICAL    REPRESENTATION    OF    A    JOINT    R.M.S.    VALUE 

OF   PLURAL-FREQUENCY   COMPONENTS    BY    PERPENDICULAR 

SUMMATION    OR    "CRAB    ADDITION" 

described  thus  far.  These  four  methods  have  been 
given  for  the  purpose  of  providing  a  choice  of  proce- 
dure for  the  beginner.  Graphical  solutions  are  more 
simple  and  more  readily  performed  than  mathematical 
:.olutions  and,  if  used  correctly  and  made  to  a  large 
scale,  will  yield  results  well  within  the  limits  of  per- 
missible error  for  power  transmission  circuits.  There 
i^'  always  a  possibility  of  error  with  any  method,  even 
though  the  solution  is  carefully  checked.  For  this  rea- 
son it  is  desirable  that  errors  be  guarded  against  by  the 
use  of  two  different  forms  of  solution.  For  instance 
the  first  solution  could  be  made  by  making  use  of  the 
Wilkinson  charts  followed  by  its  accompanying  graphi- 
cal solution.  The  .second  solution  could  then  be  mri.de 
by  means  of  Dr.  Kennelly's  ratio  charts  XVIII  to  XXI, 
followed  by  its  accompanying  graphical  solution.  These 
two  methods  would  then  yield  results  obtained  by  two 


entirely  different  routes  and  methods  of  procedure. 
The  use  of  two  such  methods  would  constitute  check 
against  errors  being  made  in  either  solution. 
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In  order  to  give  due  prominence  to  some  of  the  valuable 
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Calculation  of  the  High  Tension  Line  and  Output  and 
hesjulation  in  Long  Distance  Lines  by  Percy  H.  Thomas. 
(Published  in  A.  L  of  E.  E.  Trans.  Vol.  XXVIII,  Part,  7, 
1909).  The  former  paper  intloduces  a  so-called  "wave  for- 
mula" for  determining  the  performance  of  long  lines  having 
considerable  capacity  which  embodies  the  use  of  algebra  o;idy. 
The  second  paper  suggests  the  use  of  split  conductors  in  order 
to  adjust  the  ratio  of  the  capacity  and  inductance  of  the  lino 
so  that  the  leading  and  lagging  components  more  nearly 
neutralize  each  other. 

Formulae,  Constants  and  Hyperbolic  Constants  by  W.  E. 
Miller.  (Published  in  G.  E.  Review,  supplement  dated  May 
1910).  This  is  a  treatise  upon  the  subject  wherein  hyperboli.; 
functions  of  complex  angles  are  tabulated  for  sinh  and  cosh 
(x  4-  jy)  up  to  X  =  I,  y=  I  in  steps  of  0.02. 

Transmission  Line  Formulas  by  H.  B.  Dwight.  (Published 
by  John  Wiley  &  Sons,  Inc.).  This  book  introduces  what  are 
known  as  "Dwight's  'K'  formulas,"  which  permit  the  solution 
of  transmission  problems  without  the  use  of  mathematics 
higher  than  arithmetic.  It  also  contains  working  formulas 
based  upon  convergent  series  and  the  solution  of  many  problems 
both  by  the  K  formulas  and  by  convergent  series. 

Tables  of  Complex  Hyperbolic  and  Circular  Functions  by 
Dr.  A.  E.  Kennelly.  (Published  by  the  Harvard  University 
Press).  This  book  gives  functions  of  complex  angles  for  polar 
values  up  to  3.0  by  steps  of  o.i  and  for  angles  from  45°  to  00' 
by  steps  of  one  degree;  also  functions  in  terms  of  reactaiigular 
coordinates  x  +  jy  to  x  =  10  by  steps  of  0.05  and  of  y 
virtually  to  infinity  by  steps  of  0.05. 

Chart  Atlas  of  Compter  Hyperbolic  and  Circular  Functions 
l>y  Dr.  A.  E.  Kennelly.  (Published  by  Harvard  University 
Press  in  large  charts,  48  by  48  cm.)  Presenting  curves  for  all 
the  tables  published  in  above  referred  to  "Tables  of  Complex 
Hyperbolic  and  Circular  Functions"  for  rapid  graphical  inter- 
polation. 

Constant  Voltage  Transmission  by  H.  B.  Dwight.  (Pub- 
lished by  John  Wiley  &  Son,  Inc.).  Embraces  a  very  compkic 
study  of  the  use  of  over-excited  synchronous  motors  for  con- 
trolling the  voltage  of  transmission. 

The  Application  of  Hyperbolic  Functions  to  Electrical 
Engineering  Problems  by  Dr.  A.  E.  Kennellv.  (Published  by 
the  McGraw-Hill  Book  Company).  Every  student  slionld  hav-- 
a  copy  of  this  book  because  of  its  simplicity  and  completeness 
in  explaining  the  application  of  hyperbolic  functions  to  trans- 
mission circuit  problems.  It  also  contains  a  very  complete 
bibliography  of  publications  upon  this  general  subject. 

Artificial  Electric  Lines  by  Dr.  A.  E.  Kennelly.  (Published 
by  McGraw-Hill  Book  Co.).  This  is  a  valuable  treatise  in 
which  the  subject  is  treated  in  accordance  with  the  hyperbolic 
theory. 

Electrical  Phenomena  in  Parallel  Conductors  by  Dr.  F.  E. 
Pernot.  (Published  by  John  Wiley  Sr  Son,  Inc.).  Being  a 
very  recent  treatise,  this  book  contains  much  practical  and 
many  readily  understandable  cxiilanations  for  both  the  beginner 
and  those  further  advanced  in  the  study  of  this  subject.  It 
cimlains  a  six-place  table  of  logarithms  of  real  hyncrbolic 
functions  for  values  of  x  from  0.000  to  2.000  for  inlei-vals  of 
o.ooi  in  the  argumcni.  This  is  the  most  complete  table  of  real 
hyperbolic  functions  which  the  author  has  seen. 
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Ventilation  and  Teraporatfiro  PyoMeiiJis 

In  Large  Turbojjuneracors 

15.  G.  La.mjie 

Chief  Engineer. 

Westinghouse  Electric  &  Mfg.  Company 

HERE  ARE  FOUR  EFFECTIVE  MATE-  ments,  there  is  circumferential  ventilation,  or  air  circu- 
RIALS  concerned  in  turbogenerator  operation,—  lation  around  the  machine  circumfercntially.  This  has 
iron  for  magnetic  purposes,  copper  in  the  wind-     been  used  in  European  machines  and,  in  combination 

with  axial  and  radial  arrangements,  it  appears  in  ceriain 
American  types.  In  fact,  in  the  axial  air-gap  ventila- 
tion, the  circumferential  action  also  occurs  natura'ly, 
due  to  the  speed  of  the  rotor,  the  air  traveling  in  a  spiral 
path  from  the  ends  toward  the  center  of  the  machine 


iiigs,  insulation  encasing  the  winding  and  the  ventilat- 
ing air.  The  iron  and  copper  have  already  been  carried 
vp  to  their  practical  limits,  so  ihat  the  major  part  of  re- 
cent developments  have  been  in  the  insulation  and  in  the 
ventilation.  The  physical  limitations  of  the  materials 
having  been  reached  in  many  ways,  it  is  no  longer 
I  ossible  to  increase  the  physical  c'imensions,  as  has  been 
the  case  in  lower  speed  machines. 

As  insulations  have  been  utilized  fairly  well  up  to 
their  limits  for  some  years,  the  more  recent  develop- 
ments have  been  largely  along  lines  of  improved 
methods  of  heat  dissipation  which  is  largely  the  prob- 
lem   of    air    circulation.     Broadly,    there    is    but    cne 


RADIAL  VENTILATION 

In  the  usual  radial  ventilation,  the  air  enters  the 
yir-gap  at  each  end  of  the  core  and,  as  it  travels  tov/ard 
the  center,  is  deflected  outward  at  intervals  through  the 
radial  ducts.  As  part  of  the  air  passes  out  through  !he 
first  and  succeeding  radial  duces,  the  volume  of  air  in 
the  gap  decreases,  thus  successively  lessening  the  i)-es- 


method  in  use  today,  namely  forcing  a  large  quantity  of  sure  required  to  overcome  the  gap  resistance.     Thus, 

air  through  the  machine  at  a  high  velocity.     The  air-  there  is  fairly  high  pressure  at  n,  Fig.  i,  and  this  tends 

forcing  means   consists   of   powerful    fans   or  blov/ers  to  shunt  part  of  the  air  out  through  the  radial   ducts 

driven  either  by  separate  motors,  or  by  the  rotor  shaft  over  a. 
of  the  turbo-alternator  itself.     The  problem  is  to  supplv  |j    ]     I 

I 


\U 
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FIG.    I — RADIAL  VENTILATION 

An  passing  outward   through   radial   dncts. 

sufficient  air  to  take  up  the  heat  generated.  It  is  in  the 
design  of  the  cooling  channels  or  paths  that  much  of 
the  modern  turbo-alternator  engineering  has  been  ex- 
pended. 

The  types  of  ventilating  channels  may  be  classified 
broadly  as  radial  and  axial.  Very  few  machines  use 
citlier  one  exclusively.  In  axial  ventilation  the  air 
travels  in  the  general  direction  of  the  shaft,  whereas  in 
(he  radial  arrangement  the  movement  is  at  right  angle 
tj  the  shaft.  The  air-gap  ventilation  in  the  turbo- 
generator is  axial  in  most  cases,  while  the  internal  ven- 
tilation of  the  rotor  body  or  core  is  usually  the  axial 
and  radial  combined.  In  the  same  way  the  ventilation 
of  the  stator  core  is  usually  a  combination  of  the  axial 
and  the  radial;  for,  even  in  the  .so-called  radial  types, 
the  cooling  air  through  the  gap  passes  axially  over  the 
armature  bore,  before  passing  out  radially.  In  the 
same  way,  in  the  so-called  axial  types,  the  air  through 
the  axial  core  channels  passes  radially  out  at  the  core 
center. 

In  addition  to  the  purely  axial  and  radial  arrange- 

NOTE— Based  on   a   paper  read  before   The   .\mcrican   In- 
mute  of  Electrical  Engineers,  .Tunc,  1920. 


FIG.   2 — RADIAL  VENTILATION 

Air  entering  and  leaving  stator  throngh   radial   duets. 

At  the  center  of  the  machine,  due  to  the  velocity  of 
the  ingoing  air,  there  is  "banking  up"  of  the  air,  v  ith 
corresponding  pressure  tending  to  drive  it  out  rad-ally. 
Kere  the  velocity  is  converted  into  static  pressure. 
Obviously,  the  air  flow  in  the  diiTerent  ducts,  being  due 
to  different  conditions  of  pressure,  may  be  quite  un- 
equal. The  real  problem,  therefore,  is  to  obtain  proper 
."ir  flow  through  the  various  ducts. 

An  extension  of  this  problem  is  found  where  the 
width  of  the  core  is  greater  than  the  permissible  air 
flow  can  cool.  Assume,  for  instance,  with  the  largest 
permissible  gap  the  design  will  allow  and  the  largest 
lillowable  diameter  of  rotor,  that  a  core  width  of  80 
inches  can  be  ventilated  by  air  from  the  two  ends.  Now 
what  can  be  done  in  case  of  a  core  width  of  100  or  120 
inches,  which  would  be  required  for  a  23  or  50  percent 
Irrger  output?  One  answer  would  be  that  it  is  im- 
possible to  use  cores  of  such  width.  But  that  wciild 
I)ut  a  stop  to  a  certain  trend  of  development  and,  there- 
fore, some  solution  involving  an  important  modification 
must  be  adopted.  One  of  these  i-;  to  put  air  in,  radially, 
;.t  the  middle  part  of  the  stator  core,  and  to  allow  it  to 
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flow  axially  toward  the  ends,  in  the  air-gap  and  then  out 
radially,  as  shown  in  Fig.  2.  Here  the  entering  air 
nust  be  forced  in  against  the  rotation  of  the  rotor  core, 
and  possibly  against  the  velocity  effects  of  the  air  from 
the  end  gaps.  In  consequence  the  pressure  may  have  to 
be  considerably  different  from  that  for  forcing  the  air 
:i:  at  the  end  gaps.  Nevertheless  this  general  arrange- 
ment has  been  used  with  considerable  success. 

The  above  description  of  the  difficulties  of  the  prob- 
lem has  been  given,  not  as  a  criticism  of  this  particular 
airangement  or  method,  but  simply  to  illustrate  some  of 
the  difficulties  encountered  in  large  turljogenerator  de- 
sign. 

AXIAL  VENTILATION 

As  stated  before,  axial  ventilation  is  usually  pailly 
r.-'dial.  In  this  method,  as  usually  applied,  air  not  cnly 
I<asses  axially  along  the  air-gap  and  out  at  radial  ducts 
;i  the  center  of  the  core,  but  axial  ducts,  or  channels, 
p.irallel  to  the  shaft  or  air-gap,  are  in  the  stator  ci.ire, 
back  of  the  armature  slots,  to  allow  air  to  flow  parallel 
with  the  gap.  The  intention  is  to  force  sufficient  air 
I'lrou^h  the  gap  to  cool  the  rotor,  and  the  stator  tooth 


in,,    3 — .Wl.VL   VU'NTIL.MK.X 
Air  ciik-riiig   stalor   Ihrough   air-yap   Mid   axial   dutts   llow- 
ing  outward  through  radial  ducts. 

tips,  while  air  through  the  stator  ducts,  will  further  cool 
the  stator  teeth  and  armature  core.  In  the  early  de- 
signs one  large  central  duct  was  used,  this  being  changed 
later  to  two  or  three  narrow  ones,  while  in  the  lai^esl 
types,  there  may  be  a  dozen  or  more  radial  ducts,  tak- 
ing up  a  considerable  portion  of  the  central  zone  of  the 
stator.  With  this  latter  arrangement.  Fig.  3,  the  central 
j-art  might  be  considered  as  radially  ventilated,  while 
the  end  parts  are  axially  ventilated.  The  real  merits 
and  demerits  of  this  later  construction,  compared  with 
the  so-called  radial  type  can  only  be  judged  properly 
\.hen  the  quantitative  conditions  of  the  problem  are 
l^ken  into  account. 

A  variation  of  the  above  axial  scheme  consist  a  in 
supplying  air,  under  pressure,  t(-  the  central  radiat  ng 
ducts  which  then  passes  through  the  stator  channels  and 
tbe  air-gap,  to  the  two  ends.  Or,  again,  the  ventilat'Ug 
fan  may  operate  reversed  so  that  it  pulls  the  air  through 
from  the  central  ducts.  One  advantage  of  the  '.nrter 
arrangement  is  that  the  friction  loss  due  to  the  fan  heats 
the  outgoing  instead  of  the  ingoing  air. 

It  will  be  seen  that  with  the  axial  arrangemeot,  like 
the  radial,  the  problem  is  to  obtain  the  best  air  distribu- 
tion with  a  large  number  of  parallel  paths  and  with  dif- 


ferent resistances  of  the  various  paths.  One  advantage 
of  the  axial  arrangement  is  that  part  of  the  parallel 
paths, — those  in  the  stator  core — are  under  possible  con- 
trol at  the  inlet. 

CIRCUMFERENTIAL    VENTILATION 

This  method  should  be  considered,  as  it  has  been 
u.-^ed  commercially  to  a  considerable  extent.  It  is  in 
realitv    a    combination    of    radial    and    circumferential 


FIG.   4 — cii;cuMi-i;i(i;NTiAr,  vi:n  iii  .\iion 
Air    llowing   circumfereutially    l)oth    wilh    and   against    tlu- 
direction  of  rotor  rotation. 

methods.  As  usually  applied,  there  are  radial  passages 
tlirough  the  stator  core,  but  divided  circuinferentially 
into  groups,  so  that  the  air  passes  inward  to  the  air-gap 
i::  certain  axial  zones,  and  then  circumferenti'dly 
around  the  gap  to  the  next  zrme  where  it  passes  out 
radially,  as  shown  in  Fig.  4.  At  first  glance  this  looks 
like  an  ideal  arrangement,  but  a  little  study  will  show 
that  it  also  has  its  limitations,  just  like  the  other 
methods,  for  there  is  no  way  to  insure  proper  division 
tf  the  air  among  the  parallel  paths.  For  instance,  if 
one  zone  covers  eight  teeth,  then  cue  to  crowding  of  the 
lir  in  the  gap,  due  to  the  rotor  velocity,  the  pressures 
night  be  balanced  in  some  of  the  tooth  passages  so  that 
lierc  is  practically  no  air  flow  in  those  particular  ele- 
iients.  This  would  mean  very  unequal  temperatures  in 
he  tooth  belt  as  a  whole,  and  so  the  problem  thus  nar- 


MG.    5  --CIUGU  .\i  Ki;i;i;.N  Tl.\l.    VliNTlI..\T10.\ 
.\ir  nowiiig  circunifircntially  in  tlii,'  direction  of  rotor  rotation. 

rows  down  to  one  of  proper  air  distribution,  just  as  in 
rll  other  arrangements. 

A  modification  of  the  above  arrangement  combines 
both  radial  and  circumferential  methods.  Fig.  5.  The 
air  from  the  outer  core  .surface  is.  simply  deflected 
through  the  stator  core,  and  cools  the  tooth  belt,  mainly 
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by  conduction  through  a  relatively  long  path.  The 
stator  gap  surface  and  rotor  must  be  cooled  by  fhe 
usual  methods. 

In  addition,  there  are  various  other  combinations 
(,f  radial,  axial  and  circumferential  methods,  each  of 
\\  liich  ])ossess  certain  merits. 

lIIiAT    FLOW    I'KOM    THE   ARMATURE   COPPliR 

There  are  three  principal  sources  of  heat,  namely, 
the  losses  in  the  copper  windings,  the  iron  losses,  snd 
the  friction  of  the  air  at  the  hig.T  velocities  used.  Con- 
sidering first  the  armature  windings,  all  the  heat  gentr- 
;iled  must  flow  through  the  insulation,  the  relative  rate 
ci  flow  at  any  part  being  dependent  principally  upon 
the  temperature  differences.  In  addition  to  the  trans- 
verse heat  flow,  through  the  insulation,  there  will  he  a 
flow  along  the  copper  itself  from  hotter  parts  tov/ird 


vu;.  ()— Ti:Mri-;u.\Ti-Ri-    DisiRiinTinN   in  an   aumait'ue  coNnucTou 

cooler  places.  In  the  end  windings,  the  heat  can  flow 
directly  from  the  copper,  throujh  the  insulation,  to  the 
cooling  air.  Moreover,  local  or  eddy  currents  in  the 
copper  are  liable  to  be  least  in  this  part,  due  to  the 
r.hsence  of  the  iron.  Consequently,  in  the  end  wind-ngs 
the  actual  copper  temperatures  are  higher  than  the  sur- 
rounding air  temperatures  only  by  the  amount  of  tem- 
icralurc  drop  through  the  insuhtion. 

In  the  core,  however,  the  conditions  are  quite  dif- 
fc'icnl.  Here  the  heat  must  pass  from  the  copper, 
ihrough  the  insulation  to  the  embedding  iron,  and  ;hen 
through  the  iron  to  the  cooling  surfaces  and  to  the  cool- 
.ng  air  which  may  or  may  not  be  at  as  low  temperature 
as  that  around  the  end  windings.  Obviously  the  tem- 
perature of  the  copper  in  the  buried  part  will  be  st  a 
higher  temperature  than  in  the  end  parts.  But,  as 
copper  is  a  good  heat  conducto'-,  this  difference  in  the 
copper  temperature  tends  to  equalize  itself  by  heat  flow 
;.long  the  coil  itself,  thus  tending  to  lower  the  higher 
temperature  and  increase  the  lower.     This  action  can  be 


quite  effective  in  equalizing  the  temperatures  in  the 
various  parts,  in  those  machines  where  the  heat  paihs 
are  not  too  long  compared  with  the  section  of  the  con- 
ducting path  and  the  amount  of  heat  to  be  conducted. 
In  narrow  core  machines,  with  short  end  windings,  the 


l-H;.    7 — SUNKEN    con-   AKHANliE.VlENT 

tiiiproviiig  dissipation  of  heat. 

equalization  may  be  within  a  ftw  degrees,  but  in  the 
usual  wide  turbo-generator  cores,  with  the  long  span 
end  windings,  this  equalization  only  shows  prominently 
in  llic  dividing  zone  between  ends  and  core.  In  other 
words  there  is  a  very  considerable  longitudinal  heat  flow 
at  this  part,  as  illustrated  in  Fig.  6.  Here  the  tem- 
perature of  the  core  with  respect  to  the  copper  is  de- 
l>endent  upon  the  load  conditions.  With  heavy  load 
this  flow  may  be  from  the  buried  copper  to  the  iron  at 
all  parts  of  the  core  width,  while  at  light  load  the  flow 
may  be  from  the  iron  to  the  copper  over  the  whole  core 
width.  At  intermediate  loads  there  may  be  heat  flow 
f -om  the  iron  to  the  copper  near  the  ends  of  the  core, 
and  from  copper  to  iron  in  the  :nid-portions. 

Considering  the  heavy  load  conditions,  it  is  ob- 
\  ious,  that  in  a  wide  core  machine,  the  center  parts 
should  have  materially  higher  temperatures  than  the  end 
copper,  such  higher  temperatures  being  due  to  tw>)  or 


l'I(i.   8 — AXIAL  AIR   DUCTS   liACK  OF  COH.   SIX)TS 

more  drops, —  (i)  through  the  insulation,  (2)  through 
the  iion  and  the  surface  contact,  and  (3)  to  the  differ- 
ence between  the  cooling  air  in  the  core  and  that  around 
the  end  windings.  This  latter  effect  may  be  considerable. 
It  should  be  evident  that,  if  the  temperature  rise,  (or  in- 
sulation drop,  as  determined  at  the  end  windings,  should 
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be  40  degrees  C.  for  instance,  then  the  temperature  rise 
in  certain  of  the  embedded  parts  should  be  higher  by 
the  amount  of  the  adjacent  iron  temperatures,  plus  the 
rise  in  the  cooling  air  at  those  parts.  If  the  iron  tem- 
perature should  be  40  degrees  above  the  adjacent  cool- 
ing air,  and  the  latter  should  be  only  10  degrees  above 
the  outer  or  end  air,  then  this  represents  50  degrees 
additional  temperature  to  be  added  to  the  insulation 
drop  from  the  copper  to  the  iron,  or  a  total  of 
40°  -j-  50°  =  90  degrees.  These  should  not  be  taken 
as  representative  figures,  but  are  simply  assumed,  to 
bring  out  the  general  fact.  The  object  is  to  show  that 
the  central  portion  of  the  core  will  necessarily  be  con- 
siderably hotter  than  the  ends,  and  than  an  end  winding 
temperature  measurement  alone  is  of  no  value  in  such 
apparatus. 

HEAT  FLOW  IN  THE  ARMATURE  IRON 

in  practically  all  methods  of  turbogenerator  venti- 
lation there  are  two  general  paths  of  heat  How  in  the 
armature  iron,  namely,  along  tlie  laminae  and  trans- 
versely. Witli  tlie  radial  arrangement  of  ducts  it  is 
usually  considered  tliat  the  heat  flow  is  across  the 
laminations,  to  the  ducts,  which  is  true  in  certain  parts 
'.1  the  core,  but  is  not  entirely  so  in  what  may  be  called 
the  tooth  belt,  as  distinguished  from  the  body  or  core 
back  of  the  teeth.  However,  it  is  the  tooth  belt  with 
which  we  are  mostly  concerned,  for  here  are  the  em- 
bedded armature  coils.  Here  the  heat  flows  partly 
across  the  laminae  to  the  radial  duct  surfaces,  but  in 
many  cases  quite  a  large  part  flows  along  the  laminat.^  to 
some  cooler  parts,  such  as  tlie  tooth  tips,  or  the  core 
behind  the  teeth.  One  reason  for  the  longitudinal  flow 
lies  in  the  much  better  heat  conducting  path  along  the 
iron,  compared  with  that  across  the  thin  laminae  with 
their  good  coating  of  insulating  (and,  therefore,  poor 
heat  conducting)  varnish. 

The  flow  to  the  tooth  tips  is  especially  large  in  those 
cases  where  the  armature  coils  are  sunk  some  consider- 
able distance  below  the  gap  surface,  as  shown  in  Fig. 
7.  Here  the  tooth  tip  surface  is  very  materially  in- 
creased, and  the  heat  dissipation  is  largely  at  the  edges 
of  the  laminations.  Experience  has  shown  very  consid- 
eiable  improvement  in  iron  temperatures-  with  this 
sunken  coil  arrangement. 

In  the  body  of  the  core,  back  of  the  slots,  the  heat 
flow,  in  the  radial  slot  arrangement,  will  be  mostly 
across  the  laminae.  Due  to  this  the  ducts  should  be 
spaced  at  quite  frecjuent  intervals,  there  being,  usually, 
one  duct  for  at  least  each  2  inches  of  core  width. 
Even  with  a  two  inch  spacing,  temperature  differences 
of  as  much  as  10  degrees  may  be  noted  in  cases,  be- 
tween the  center  of  the  pack  and  the  end  laminae. 

In  the  axial  arrangement  of  ducts,  the  heat  flow  is 
largely  along  the  laminations,  except  at  the  central  part 
where  radial  ducts  are  used.  At  the  tooth  tips  and  air- 
gap,  obviously  the  heat  dissipating  conditions  are  much 
as  in  the  radial  duct  arrangement,  especially  where  the 


coils  are  well  below  the  surface.  There  is  also  a  strong 
flow  outward  to  the  core  and  the  axial  ducts  back  of 
llie  coil  slots.  Fig.  8. 

From  ott-hand  inspection.  Fig.  8,  one  would 
say  that  this  method  of  heat  dissipation  is  less  effective 
than  that  with  radial  ducts,  as  the  paths  of  heat  flow 
are  longer.  But  it  is  purely  a  quantitative  problem,  as 
the  heat  flow  across  the  laminae  is  not  nearly  as  eff^ec- 
tive  as  along  them,  possibly  in  the  ratio  of  i  to  10,  so 
that  the  longer  path  may  actually  represent  considerably 
less  temperature  drop  than  the  shorter  transverse  one. 
On  this  basis,  it  then  narrows  down  to  the  effective  air 
surfaces  for  dissipating  the  heat,  and  upon  the  amount 
of  air  which  can  be  utilized. 

The  primary  reason  for  the  axial  method  of  ven- 
ti'ation  is  to  get  away  from  some  of  the  physical  re- 
strictions of  the  purely  air-gap  method  of  air  supply. 
In  the  latter  method  the  air  supply  is  through  the  air- 
gap,  thus  limiting  the  permissible  volume  of  air  which 
can  be  supplied.  The  axial  arrangement  adds  core  ven- 
tilating passages  in  parallel  with  the  air-gap.  Suffi- 
cient air  is  forced  through  the  gap  to  cool  the  rotor  and 
also  to  exert  a  scouring  action  on  the  tooth  tips,  thus 
assisting  materially  in  cooling  the  tooth  belt.  Addi- 
tional air  is  forced  through  the  core  ducts,  back  of  the 
tooth  belt,  to  assist  in  cooling  the  teeth  and  to  cool  the 
core  proper.  As  stated  before,  the  effectiveness  of  the 
method  depends  largely  upon  the  duct  surface  exposed 
and  the  quantity  of  air  supplied,  just  as  with  other 
methods  of  ventilation.  The  real  temperature  drops 
are  not  so  much  in  the  iron  itself,  as  from  the  exposed 
surfaces  to  the  air,  or  the  contact  drop. 

EFFECTS  OF  HEATING  OF  THE  VENTILATING  AIR 

As  the  ventilating  air  takes  up  the  heat,  it  rises  in 
temperature  and  becomes  correspondingly  less  effective 
as  a  cooling  element.  In  other  words,  any  addition  to 
the  cooling  air  temperature  means  a  corresponding  addi- 
tion, in  degrees,  to  the  temperature  of  the  iron  and 
copper.  Therefore,  the  effectiveness  of  the  air  cooling 
depends  to  some  extent  upon  the  course  of  the  air 
through  the  parts  to  be  cooled.  Theoretically,  if  any 
given  part  needs  the  most  effective  ventilation,  then  the 
coolest  air  should  be  fed  directly  to  that  part,  with  as 
little  rise  as  possible.  None  of  the  present  methods  ac- 
complish this  completely,  but  some  appear  to  be  more 
effective  than  others. 

Consider,  first,  the  radial  arrangement,  where  the 
air  enters  at  each  end  through  the  air-gap.  The  air  is 
heated  by  friction  as  it  passes  along,  as  about  half  the 
total  windage  loss  is  in  the  fan  and  the  other  half  is 
in  the  air  passages.  Also  as  the  air  passes  over  the 
rotor  and  stator  gap  surfaces,  i;  takes  up  heat  from 
these  parts.  In  consequence,  there  is  a  gradual  ac- 
cession in  air  temperature,  from  the  ends  of  the  core, 
towards  the  center.  This  adds  a  corresponding  in- 
crease to  the  temperatures  of  the  iron  and  copper  parts. 
Ihe  increase  in  the  air  temperature  at  the  central  part 
will  be,  presumably,  about  half  the  total  air  rise,  or 


3i6 


THE  ELECTRIC  JOURNAL 


Vol.  XVII,  No.  7 


l-ossibly  more,  as  the  loss  due  to  the  air  friction  in  the 
gap,  plus  the  rotor  gap  loss,  plus  the  tooth  loss  dissipated 
at  the  air-gap  may  be  taken  as  equal  to,  or  greater  i.han, 
the  core  and  tooth  losses  dissipated  directly  into  the 
ladial  ducts. 

With  auxiliary  central  duct  ventilation  (as  de- 
scribed in  connection  with  Fig.  ^),  the  rise  in  the  air 
temperature  at  the  tooth  belt,  is  probably  about  midway 
between  the  temperatures  of  the  entering  and  exit  air. 
In  the  axial  method,  of  the  more  usual  type,  similar 
conditions  hold,  and  the  temperature  rise  of  the  air  is 
somewhat  greater  at  the  central  parts,  than  the  usual 
n;dial  arrangement,  due  to  the  fact  that  much  the  larger 
part  of  the  heat  dissipation  to  the  air  occurs  by  the  time 
the  air  has  reached  the  central  portion.  In  conse- 
quence, the  air  temperature  rise,  at  the  center,  is  due  to 
the  core,  as  well  as  the  tooth  losses,  considering  only 
the  core  channels.  In  the  air-gap  the  temperature  in- 
crease of  the  air  is  due  to  air  friction  and  to  the  stator 
snd  rotor  gap  surface  heat  dissipation,  just  as  in  the 
radial  arrangement.  However,  it  must  be  borne  in 
mind  that  the  total  volume  of  ?.ir  through  the  gap  is 
smaller  than  in  the  radial  method,  which  should  mean 
smaller  friction  loss.  Taking  into  account  both  the  de- 
crease in  loss,  and  the  reduced  volume  of  air,  the  in- 
crease in  the  air  temperature  in  the  gap,  at  the  center, 
may  or  may  not  be  larger  than  in  the  radial  arrangement 
— it  is  purely  a  question  of  proportion. 

With  the  more  recent  types  of  axial  construction, 
where  the  central  portion  of  the  stator  embodies  a  large 
number  of  radial  ducts,  the  end  parts  of  the  core  being 
supplied  with  axial  channels,  it  is  a  question  whether 
there  is  much  difference  between  the  axial  and  radial 


airangements,  as  far  as  air  temperatures  are  concerned. 
The  above  is  on  the  basis  of  air  flowing  towards  what 
are  nominally  the  hotter  parts  of  the  machine.  Un  the 
basis  of  the  air  flow  being  in  the  opposite  direction,  with 
the  axial  method  of  ventilation,  there  is  one  important 
difference.  Here  the  temperature  rise  of  the  air  is  least 
hi  the  central  part  of  the  core,  and  is  higher  near  tlie 
ends,  whereas  the  copper  temperatures,  as  shown  in 
Fig.  6,  are  naturally  higher  toward  the  center  and  lower 
ot  the  ends,  due  to  longitudinal  heat  tlow  from  the 
buried  windings  toward  the  ends.  The  resultant  of  the 
two  effects  is  to  tend  to  equalize  the  copper  tempera- 
tures in  the  core,  by  bringing  down  the  higher  points 
and  increasing  the  lower.  There  is,  however,  this  ad- 
vantage in  this  arrangement,  in  that  there  will  be  higher 
temperatures  in  the  end  windings,  so  much  so  that  mica 
end  insulation  may  be  required,  which  usually  is  not  so 
desirable  on  the  curved  end  parts.  Of  course,  there 
are  possible  remedies  for  this  condition,  such  as  an 
auxiliary  air  supply  for  the  ends. 

By  this  reversed  axial  method,  a  reduction  of  the 
central  copper  temperatures  of  lo  to  20  degrees  might 
be  possible,  depending  upon  the  individual  designs. 
However,  at  some  intermediate  point  o  in  the  core  there 
should  be  no  gain,  while  at  the  ends  there  may  be  an 
increase  of  possibly  20  degrees.  If  the  hottest  central 
part,  with  the  usual  arrangement,  is  10  degrees  hotter 
than  the  intermediate  point  a  of  no-temperature-change, 
then  the  actual  peak  or  hottest  spot  temperature  of  the 
srator,  as  a  whole,  may  be  materially  lowered  by  this 
■'irrangement.  The  rotor  ventilation,  however,  presents 
a  more  difficult  problem.  . 

{To  be  continued) 
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1899 — Rewinding  Induction  Motors — 1 
have  a  2  hp,  3-phase,  60  cycle,  4-pole, 
220  volt,  6.7  amperes  per  terminal, 
i.Soo  r.p.ni.  type  CCL  induction  motor. 
1  had  lo  rewind  this  motor  which  has 
30  turns  of  No.  19  wire  in  each  coil 
and  48  slots  and  it  is  a  nice  easy 
motor  to  wind.  I  also  have  to  rewind 
a  2  hp,  3-phase,  4-pole,  60  cycle,  220 
volt,  5.6'  ampere,  1800  r.p.m.,  type  CS 
induction  motor  with  36  slots,  and  40 
turns  of  No,  16  wire  in  each  coil. 
This  is  the  hardest  motor  to  wind  that 
I  ever  had.  Why  is  it  that  the  CCL 
motor  current  is  6.7  amperes  and  a 
No.  10  wire  carries  the  current  all 
right  and  gives  good  service,  while  thi 
type  CS  motor  current  is  5.6  amperes 
and  it  takes  a  No.  16  wire  10  carry  the 
current?  I  have  been  tryini;  to  make 
it  easier  to  wind  this  motor  liy  iriak- 
ing  slight  changes  in  the  winding 
without  efTecting  the  operation  of  the 
motor  in  any  way ;  but  I  would  not 
make  any  changes  without  expert  ad- 


vice. I  have  two  changes  in  mind. 
The  first  one  is  to  have  38  turns  of 
No.  16  wire  in  each  coil.  1  figured 
that  it  would  then  be  a  209  volt  motor. 
Did  I  figure  right?  I  thought  this 
would  be  entirely  satisfactory  as  most 
of  our  motors  operate  on  about  206 
to  215  volts.  The  second  change  that 
I  figured  on  was  to  put  40  turns  of 
No.  17  wire  in  each  coil.  If  No,  ig 
wire  carries  6,7  amperes  on  the  CCL 
motor,  why  won't  No.  17  carry  5,6 
amperes  on  the  type  CS  motor? 

M,p.  (wise.) 
It  is  impossible  to  give  a  specific 
answ-er  to  this  question  comparing  the 
characteristics  of  the  particular  motors 
mentioned  without  having  all  the  design 
data  of  the  two  motors  available.  In 
general,  with  two  motors  of  as  nearly 
similar  characteristics,  the  difference  in 
current  ratings  would  indicate  that  the 
second  motor  was  a  better  desigriicd 
motor,  having  a  higher  efiicicncy  and 
also    a    higher    power-factor,    both    of 


which  would  reduce  the  current  required 
to  produce  a  given  horse-power  output. 
This  general  statement  is  corroborated 
by  the-  fact  that  the  second  motor  has  a 
larger  size  of  wire  and  has  the  same 
number  of  series  turns  per  phase  as  the 
first  motor,  which  would  naturally  give 
it  an  improved  efficiency.  There  is  an- 
other consideration  which  enters  into 
all  such  comparisons.  Motor  manu- 
facturers commonly  use  the  same  motor 
frame  for  a  number  of  different  horse- 
power ratings  at  different  speeds  and 
frequencies  in  order  to  reduce  the  cost 
by  standardized  production.  It  may  he 
possible  that  the  frame  and  slots  of  the 
second  motor  are  a  trifle  larger  than 
would  have  been  absolutely  necessary 
for  a  motor  of  that  size.  In  such  a  case 
the  size  of  copper  would  be  selected 
suflicient  to  fill  the  slots  completely. 
Some  such  requirement  may  have  caused 
the  designer  to  a.ssign  a  larger  size  of 
wire  to  the  second  motor  than  to  the 
first  one.    Any  motor  frame  selected  in 
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this  way  may  also  have  a  slightly  larger 
core  than  would  have  been  absolutely 
necessary,  giving  a  materially  improved 
power-factor.  In  other  words  it  may 
be  that,  for  reasons  of  expediency  ;u 
manufacturing,  the  second  motor  is 
much  more  liberally  designed  than  the 
first  one  or  than  other  motors  of  differ- 
ent sizes  similar  to  the  second  one 
would  have  been.  It  is  impossible  to 
stale  positively  that  any  of  the  above 
conjectures  correspond  to  the  facts  with- 
out having  all  the  design  data  of  both 
motors  available.  Under  the  circum- 
stances either  one  of  your  suggestions 
would  doubtless  prove  satisfactory,  that 
is,  it  would  be  satisfactory  to  wind  the 
coils  either  with  38  turns  of  No.  16  wire 
or  with  40  turns  of  No.  17  wire.  The 
latter  suggestion  would  probably  give 
you  the  more  satisfactory  all  around 
results.  c.ii.R. 

igoo — Effects  of  Temperature  on  In- 
sulation— Is  insulation  on  electrical 
apparatus  weaker  when  cold  than 
when  hot?  R.a.b.   (mass.) 

In  general  the  effect  of  increasing 
temperature  on  the  insulation  of  elec- 
trical apparatus  is  a  lowering  of  the  re- 
sistance, increase  of  the  power-factor 
and  a  lowering  of  the  breakdown 
strength.  This  statement  must  not  be 
confused  with  the  effect  of  "curing"  in- 
sulation by  the  application  of  heat  which 
drives  off  moisture  and  betters  the  in- 
sulation in  the  above  respects.  No 
exact  law  can  be  stated  showing  the 
effect  of  temperature  on  the  above 
properties  which  will  apply  to  all  the 
different  kinds  of  insulation. 

J.E.S. 

1901 — Short-circuited  Turns  in  Series 
Field  Coils — What  is  the  best  way  to 
test    series    field    coils    for    short-cir- 
cuited turns  if   only  a  voltmeter  and 
ammeter  are  at  hand?.        f.h.  (W.va.) 
If   the  voltmeter  is  a   sufficiently  low 
reading  one  the  coinparison  of  the  drop 
across  the  series  turns  on  each  pole  wilh 
the    same    current    flowing    should    he 
made.     If   these   differ   radically   an   in- 
vestigation will  develop  where  the  short- 
circuit  is.     This  same  comparison  could 
be   made   from   one   turn   to   another   if 
these  turns  are  exposed  for  easy  accessi- 
bility, such  as  is  the  case  with  the  larger 
direct-current  machines  and  rotary  con- 
verters.     In     this     case     the    voltmeter 
would  have  to  be  adapted  for  reading  at 
a  very  low  voltage.     If  the  current  used 
is  of  suitable  value,  the  ordinary  milli- 
voltmeter    would    be   adaptable    for    the 
purpose.  E.i.c. 

1902 — Re  Question  1612 — Referring  to 
formula  given  in  answer  to  question 
1612  (Winding  design)  July  1918, 
please  explain:  (a)  Should  the  squar? 
inches  obtained  by  multiplying  the 
cross  section  of  one  tooth  by  the 
number  of  teeth  plus  the  total  number 
of  poles  be  added  to  the  square  inches 
of  X-Y-S-W  of  Fig.  1612  B  and  tised 
in  equation  (2)  ?  (b)  Is  the  total 
number  of  poles  meant  to  be  the 
number  of  poles  of  one  phase  or  all 
the  phases  of  the  machine?  (c)  Does 
one  turn  in  a  coil  equal  two  or  one 
conductor?  (d)  Give  formula  to  find 
number  of  turns  for  a  frame  having 
these  dimensions  X-Y  iVa.  inch.  Y-^ 
4  in.  thickness  at  middle  point  of 
tooth  -h  in.  24  slots  desired  to  have 
440  volts,  25  cycle,  1500  r.p.m..  3  phase. 
(e)    After  the   number   of   turns   are 


found  how  is  the  connection  deter- 
mined as  to  star  or  delta,  single  or 
parallel?  (f)  What  is  the  correct 
way  of  finding  the  ciior.i  factor  of  a 
72  slot  machine,  25  cycle,  1500  r.p.m., 
if  the  coils  span  is  1-21  ? 

L.S.n.    (OHIO) 

The  answer  to  1612  July  1918  contains 
a  typographical  error.  In  the  8th  line 
below  equation  (2),  the  plus  sign  should 
be  a  division  sign.  The  cross  sectional 
area  of  the  teeth  per  pole  equals  the 
cross  section  of  one  tooth  tiines  the 
total  nuinber  of  teeth  divided  by  the 
total  nuinber  of  poles  for  which  the 
rnachine  is  wound,  (a)  The  cross  sec- 
tional area  of  the  teeth  should  not  be 
added  to  the  cross  sectional  area  of  the 
frame  but  each  should  be  considered 
separately,  (b)  Each  magnetic  pole  of 
a  three-phase  induction  motor  it  set  up 
by  three  pole-phase  groups  of  the  wind- 
ing. By  "total  number  of  poles"  is 
meant  the  actual  number  of  magnetic 
poles  or  one-third  the  number  of  pole- 
phase  groups  as  shown  in  the  winding 
diagram,  (c)  One  turn  equals  two  con- 
ductors, (d)  Applying  your  figures  10 
equation  (i)  of  question  1612  gives  for 
the  frame : 

80000X2X11^X4  = 

45  X  10°  X  440 

25  X  cond  X  0.95  X  0.96    *■'-' 

for  a  series  delta  connected  winding. 
If  the  winding  is  to  be  star  connected 
the  volts  per  leg  instead  of  the  phase 
voltage  should  be  used ;  that  is,  in  place 
of  440  use  44c  divided  by  1.73  =  254. 
For  the  slots : 

5  24 

SooooX  —  X4X  —  X  0.636  = 
16  2 

45  X  10°  X  440 

25  X  cond  X  0.95  X  0.96" ^^' 

for  a  delta  winding.  In  both  the  above 
questions  cond  =  the  total  number  of 
conductors  in  series  per  phase.  Solving 
equation  (i)  gives  a  value  of  70  con- 
ductors in  series  per  slot  for  a  series 
star  winding  or  35  turns  per  coil,  which 
is  about  what  would  be  expected  for  a 
motor  for  the  dimensions  given.  It  ii, 
of  course,  impossible  for  us  to  check 
this  exactly  as  you  do  not  state  the 
horse-power  of  your  motor.  Solving 
equation  (2)  gives  for  the  above  num- 
ber of  conductors  a  value  of  over  90000 
for  the  flux  density  in  the  teeth,  which 
is  a  little  high,  but  is  probably  allowable. 
But  if  it  is  not  desired  to  work  the  teeth 
at  such  a  high  density,  the  desired  mag- 
netic flux  can  be  inserted  in  the  left 
hand  member  of  equation  (2)  (the  value 
of  80000  given  above  is  a  good  con- 
servative figure)  and  the  equation  solves 
for  the  number  of  conductors  which  will 
give  without  flux  density  in  the  teeth. 
This  will  require  a  slightly  larger  num- 
ber of  conductors  per  slot.  This  is 
more  apt  to  be  the  case  in  a  slow  spe?d 
motor  of  large  horse-power.  It  i' 
usually  easier  to  wind  all  the  turns  in  3 
single  coil  in  series,  and  then,  if  neccs- 
sarj'  connect  two  or  more  of  the  coils 
in  parallel.  Either  a  delta  or  star  wind- 
ing may  be  used,  depending  upon  w'hich 
will  give  the  most  convenient  size  of 
wire,  as  sometimes  by  changing  the  size 
of  wire  and  number  of  turns  corre- 
spondingly, in  order  to  make  a  delta  or 
star  connection,  a  better  space  factor 
can  be  obtained,  that  is  the  wires  will 
fit  into  the  coil  more  easily.  Sometimes 
by  changing  from  a  star  to  delta  con- 
nection   or    by    using    various    parallel 


comliinations,  standard  coils  which  have 
been  prepared  for  a  different  motor  may 
exactly  fit  the  one  you  are  repairing. 
Such  considerations  always  enter  into 
the  design  of  the  winding.  In  your 
particular  case,  and  in  general  with  small 
motors,  it  is  better  to  use  a  star  con- 
nection in  order  to  reduce  the  number 
of  turns,  which  is  1.73  tiines  as  much 
with  a  delta  connection  as  it  is  with  a 
star  connection,  (g)  The  method  of 
determining  the  chord  factor  is  given  in 
detail  in  an  article  by  Mr.  A.  M.  Dudley 
on  "Reconnecting  Induction  Motors" 
which  was  published  in  the  Journal  for 
February,  1916.  On  page  93  of  this 
article  is  given  an  equation  which  is 
easy  to  use  and  sufficiently  accurate  for 
all  practical  purposes.  This  equation  is : 
Chord  Factor  := 


\'- 


\N'  —  2  (ny 


N'- 


N  =-.  number  of  slots  per  pole. 
n    =.  number  of  slots  dropped. 
Substituting  your  values  in  this  equation 
gives  Chord  Factor  =    ..  (36)'  — 2  (16); 

^  36= 

—  0.778.     The  exact  value  for  the  angle 

20 
spanned  i^ 


36 


180°  =   100°   and  the 


sine  of  one-half  this  angle  is  0.766, 
checking  closely  with  the  above  approxi- 
mate equation.  a.m.d. 

1903— Air-Gap  Design  of  Tureo-Gener- 
ATOR — Do  the  large  air-gaps  used  on 
turbo-alternators  bear  any  relation  to 
the  short-circuit  current ;  or  are  the 
air-gaps  merely  made  large  to  keep 
the  density  of  the  air-gap  magnetic 
flux  at  a  suitable  value? 

R.D.G.  (mont.) 
It  is  obvious,  from  the  well  known 
e.m.f.  formula,  that  a  definite  amount 
of  field  flux  is  required  to  produce  a 
given  e.m.f.  in  a  generator  which  has  a 
given  armature  winding.  The  only 
effect,  under  no  load,  of  increasing  the 
radial  length  of  the  air-gap  is  to  in- 
crease the  number  of  field  ampere-turns 
required  to  produce  the  given  field  flux. 
In  turbo-generators,  the  radial  length  of 
the  air-gap  is  made  larger  in  order: — 

(a)  To  improve  the  voltage  regulation 
of  the  generator.  By  making  the  air- 
gap  large,  the  no-load  field  ampere- 
turns  can  be  made  relatively  high  with 
respect  to  the  demagnetizing  ampere- 
turns  of  the  armature,  and  consequently 
the  percentage  increase  in  the  field  cur- 
rent required  from  the  no-load  to  full- 
load  conditions  can  be  made  smaller. 
A  reduced  range  in  the  field  current 
from  no-load  to  full-load  gives  corre- 
spondingly    better     voltage     regulation. 

(b)  To  increase  the  cross-section  of  the 
passage  for  the  cooling  air.  This  is 
especially  true  for  generators  having  the 
radial  type  of  ventilation  in  which  all 
of  the  cooling  air  must  pass  through  the 
air-gap  before  entering  the  stator. 
Wilh  other  types  of  ventilation  it  is 
also  essential  tr)  have  a  large  amount  of 
cooling  air  pas?  through  the  air-gap; 
and  (c)  To  increase  the  leakage  re- 
actance of  the  generator.  With  a  large 
air-gap,  the  leakage  flux  between  the 
field  and  armature  circuits  is  increased- 
The  larger  leaka.ge  flux  per  ampere,  re- 
duces the  niaxiinum  value  of  the  arma- 
ture current  under  short-circuit  condi- 
tions. This  latter  consideration  is, 
however,  not  of  great  importance. 

CM  I.. 
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Voltage  Testing  of  Control  Equipment 


DETERM I  NATION  OF  CREEPACE 

In  determining  the  basis  for  allowable  crecpage  distances, 
it  was  necessary  to  work  out  empirically  a  set  of  curves  which 
would  hold  good  for  practically  all  insulating  surface  condi- 
tions. Obviously,  exposed  creepage  surfaces  must  be  con- 
sidered at  their  worst  condition,  which  prevails  on  railway  con- 
trol apparatus  after  the  equipments  have  been  in  service  for 
some  time,  during  which  considerable  dirt  containing  carbon 
and  metal  dust,  has  accumulated.  The  results  of  a  number  of 
tests  made  on  insulating  surfaces  in  all  positions,  that  is, 
vertical,  horizontal  top  and  horizontal  inverted,  are  shown  in 
Fig.  I.  The  surfaces  tested  include  a  wide  range  of  insulating 
materials  under  various  conditions,  such  as  clean  surface,  sur- 
face coated  with  non-conducting  dirt  and  surfaces  coated  with 
partially  conducting  dirt  or  dust. 

TESTING   VOLTAGES   ON    NEW   API'ARATUS 

In  conjunction  with  the  tests  made  to  determine  the  proper 
value  of  creepage  distances  as  shown,  it  was  necessary  to  take 
into   consideration    the   actual    test   voltages    which   would    be 

TABLE  I— TEST  VOLTAGES  FOR  CONTROL  APPARATUS 
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applied  when  making  the  final  test  on  the  equipment  as  a  whole. 
According  to  the  A.  I.  E.  E.  Standards,  certain  tests  are  giveii 
for  operating  voltages  up  to  6oo  volts.  For  all  tests  above  this 
value  and  within  the  limit  of  railway  usage  for  direct-current 
work,  the  test  used  is  two  and  one  quarter  times  the  operating 
voltage  plus  2000  volts.  For  600  volts,  a  satisfactory  tevt 
would  be  3500  volts,  alternating-current,  when  apparatus  i.s 
new,  and  is  applied  for  one  minute. 

TESTING  APPARATUS 

.'Vpparatus  for  obtaining  the  various  test  voltages  required 
h  usually  of  the  portable  type.  The  testing  apparatus  is  gen- 
erally known  as  a  "shooting"  box  and  consists  of  a  voltage 
transformer  which  is  housed  in  a  wooden  box  mounted  on 
wheels.  A  knife  switch,  circuit  breaker  and  pilot  lamp  also 
form  part  of  the  equipment.  The  testing  leads  are  usually  of 
high  voltage  cable  encased  in  a  rubber  tubing.  Those  leads 
terminate  in  copper  wire  electrodes  about  10  inches  long  against 
which  the  operator  is  protected  by  bushings  and  flash  guards. 

MAKING  TESTS  ON   NEW  APPARATUS 

The  voltage  test  on  600  volt  apparatus  is  3500  volts  alter- 
nating-current for  one  minute.  For  1200  volts,  5000  volts  for 
one  minute  is  used.  These  voltage  tests  are  applied  between 
all  full  operating  potential  points  and  ground,  and  across  switch 
jaws  where  the  full  operating  voltage  is  liable  to  exist.  On 
other  parts  of  the  apparatus  where  voltages  other  than  normal 
voltage  occur,  the  proper  voltage  tests  should  be  made.  The 
test  voltages  for  the  various  parts  of  control  apparatuns  arc 
given  in  Table  I. 

TESTING  EQUIPMENTS  WHICH   HAVE  BEEN  IN  SERVICE 

During  the  past  winter,  a  great  many  operating  companies 
experienced  an  epidemic  of  failures  and  consequent  service 
delays,  due  to  lack  of  inspection.  In  tracing  the  cause  for 
these  failures,  it  was  found  that  a  great  many  of  them  were 
due  to  gradual  breakdown  of  insulating  surfaces  between  po- 
tential points  where  dirt  and  dtist  had  collected,  and  had  not 
been  cleaned  ofl.     These  failures,  through  accumulated  defects, 


.  arc  not  usually  delcctud  by  l\n-  a\  erage  inspector,  as  they  are 
not  visible  to  the  eye  as  defects  until  the  damage  has  been  done. 
Most  inspections,  even  the  most  rigid,  arc  usually  superficial 
inasmuch  as  the  inert  parts  do  not  receive  attention.  Prac- 
tically all  of  the  inspection  time  being  used  to  chock  up  the 
moving  parts  and  terminal  connections.  The  trouble  from  in- 
active parts  such  as  cables,  finger  base  supports  and  terminal 
boards  usually  arises  from  a  breakdown  of  the  insulation,  due 
to  abrasion  or  accumulation  of  dirt.  These  troubles  could 
practically  all  be  eliminated  by  means  of  a  systematic  volta.ge 
tost  made  at  definite  intervals.  This  test  would  show  up  the 
weak  spots  not  only  in  cable  insulation,  but  also  on  creepage 
surfaces.  It  is,  of  course,  unwise  and  unnecessary  to  use  the 
same  voltage  as  is  used  in  testing  new  equipments.  Obviously, 
apparatus  which  has  been  in  use  some  time  offers  less  resist- 
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FIG.    1 — .\LL0WAP.LE   CREEPAGE  DISTANCES 

A — ^Air.     B — Closed  surface  or  air  subjected  to  gas. — 0 Exposed 

surface,  inverted.  D — Exposed  surface,  vertical.  E — Exposed  sur- 
face,   horizontal. 

For  determining  creepage  distances  for  voltages  above  1500  volts 
A — Add  0..»  inch  per  1000  volts.  B — Add  0.64  inch  per  1000  volts 
C — Add  0.8-4  inch  per  1000  volts.  D — Add  1.06  inch  per  1000  volm 
E— Add  1.36  inch  per  1000  volts. 

ance  than  new  clean  material.  Voltages  for  testing  old  appar- 
atus, or  that  which  has  been  in  service  for  some  time,  are  also 
given  in  Table  I  along  with  the  voltage  tests  for  new  apparatus. 

CLEANING  OF  APPARATUS   AFTER   TESTING 

Although  a  certain  amount  of  cleaning  is  done  during  in- 
spection, it  has  been  found  that  the  right  method  of  cleanin;; 
the  insulating  creepage  surfaces  has  not  been  employed.  When 
making  the  voltage  tests  on  creepage  surfaces  between  adjacent 
potential  points,  the  inspector  in  charge  of  such  testing  can 
soon  determine  the  weak  spots  in  the  insulation.  Where  these 
spots  occur  on  creepage  surfaces,  they  should  be  well  cleaned 
with  a  gasoline  rag  to  remove  grease  and  dirt,  and  then  should 
be  given  a  coat  of  shellac  or  varnish. 

INVESTMENT  INVOLVED 

In  considering  the  use  of  a  testing  outfit  and  the  extra  in- 
spection involved,  the  question  of  the  expense  should  not  he 
considered  too  seriously,  as  the  results  obtained  from  intelli- 
gent use  of  voltage  tests  more  than  offset  the  first  expense  in 
the  prevention  of  failures.  The  prevention  of  failures  them- 
selves is  not  so  important  as  the  tieing  up  of  traffic  due  to 
these  failures.  H.  R.  Meyer 


July,  1920 


THE  ELECTRIC  JOURNAL 


^{l 


•55- 


Ward  Leonard 


Field  Rheostats 


\'itrolim  Field  Rheostat 
.  diameter.      4  in.  deep.     20  step. 


Vitrohm  Field  Rheoslnt 

for  low  voltag^e  self-excitiiii 

generator. 


Starling  Panel  with  Vitrohn 

Field  Rheostat  for  small 

motors. 
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rield  Rheostat. 
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Ward  Leonard  Field  Rheostats  of  both  circular 
and  rectangular  types,  are  all  made  with  the  resist- 
ance element  completely  enveloped  in  Vitrohm  vit- 
reous enameled  insulation.  Vitrohm  is  immune 
to  chemical  or  atmospheric  action,  hence  the  ohmic 
value  of  Vitrohm  Rheostats  remains  permanent. 

Ward  Leonard  Field  Rheostats  are  smaller  and 
lighter  than  ordinary  rheostats,  because  Vitrohm  in- 
sulation permits  the  use  of  higher  resistance  in  a 
given  space. 

Standard  sizes  carried  in  stock  for  immediate 
shipment. 


Type   p.  F.   \'itrohm  Rheostat 
lor  low  \oltage  generators. 


j^J^ 


WO  Vitrohm    Field  Rheostats 

arranged  for  mounting  on 

baclc  of  switchboard 


Ward  Leonard/i^ectric  Company 


Walter  W.  Gaskill.  Boston 
Wm.  Miller  Tompkins,   Philadelphia 
Walter  P.  Ambos  Co..   Cleveland 
Sperry  &  Bittner,  Pittsburgh 


'yWount 
Vernon. 
Xewybrk. 


Westbnrg   Engineering   Co..    Chicago 
Electric  Material  Co..  San  Francisco 
Electrical    Specialties    Co.,    Detroit 
Lyman  C.  Reed.  New  Orleans 
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NATIONAL  SAFETY  SECTION 


SHOP  LIGHTING 
(Coiiliiiiifd) 

RECOMMEND    INTENSITY    AT    WORK,    IN 
FOOT-CANDLES 

Roadways  and  yard  thorough- 
fares   I  / 10  to  J4 

Storage  spaces  yi  io  l 

Stairways,  passageways,  aisles..     ito2 

Toilets  and  washrooms ij^  to   j 

Rough  manulacturing  such  as 
rough  machining,  rough  assem- 
bling,     rough      bench      work, 

foundry  floor  work   2  to  4 

Rough  manulacturing  involving 
closer   discrimination   of   detail     3  to  6 
Fine  manufacturing  such  as  fine 
lathe    work,    pattern    and    tool 
making,  light  colored  textiles..     4  to  8 
Special  cases  of  fine  work,  such 
as    watch    making,    engraving, 
drafting   dark   colored   textiles  10  to  15 
Oflice  work  such  as  accounting, 

typewriting,   etc 4  to  8 

Note: — The  measurement  of  illumina- 
tion should  be  inade  at  the  work  with  a 
properly  standardized  portable  photo- 
meter or  foot-candle  meter.  This  is  a 
simple  instrument  that  anyone  can  use. 
Designing  the  Lighting  System — After 
determining  the  intensity  required,  the 
items  to  be  considered  in  designing  the 
lighting  system  are : — 

(a)  At  what  height  shall  lamps  be 
mounted? 

(b)  How  far  apart  shall  lamps  be 
spaced? 

(c)  What    size    of    lamp    shall    he. 
used  ? 

(d)  What     kind     of     reflector     or 
globe  shall  be  used? 

Height  of  Ijamps — Lamps  should  be 
mounted  as  high  as  possible  unless  the 
ceiling  is  very  high  compared  to  the 
width  of  the  room,  or  unless  horizontal 
beams  or  belting  interfere  with  the  light 
distribution,  or  unless  close  spacing  is 
necessary.  High  mounting  permits  wider 
spacing  of  lamps,  with  equally  good 
distribution  of  the  light,  making  it 
possible  to  use  fewer  lamps  of  larger 
size,  which  means  lower  installatioii  and 
operating  costs.  In  addition,  higher 
mounting  means  that  nearby  lamps_  are 
less  likely  to  be  within  the  field  of  vision 
of  the  workers  and  thus  cause  eye 
strain. 

Spacing  of  Lamps — The  distance  apart 
that  lamps  shall  be  spaced  depends  upon 
the  character  of  illumination  required. 
If  the  work  is  of  an  exacting  character, 
close  spacings  are  required  to  produce 
the  uniform  lighting  needed,  whereas 
t"or  less  exacting  purposes  wider  spac- 
ings arc  permissible.  To  secure  uryform 
distribution  and  avoid  sharp  shadows, 
the  spacing  must  not  be  too  great  in  pro- 
portion to  the  mounting  height. 

DESIRAnLF.  SPACING 

Ceiling 

Height  Fine  Work  Rough  Work 

10  feet  S  to  10  feet  10  to  i2'/i  feet 

12  feet  n  to  14  feet  141017     feet 

14  feet  13  to  17  feet  17  to  21      feet 

16  feet  16  to  20  feet  20  to  2^     feet 

20  feet  2t  to  26  feet  26  to  33     feet 

2-  feet  27  to  35  feet  35  to  43     feet 

J  feet  35  to  45  feet  45  to  56      feet 


TYPICAL  EXAMPLES 

For  an  Ordinary  Metal  or  Woodwork- 
ing Shop^i4  ft.  Ceiling — An  intensity 
of  4  foot  candles  is  desirable.  The 
lamps  will  be  mounted  immediately  be- 
low the  ceiling,  assuming  that  they  can 
be  so  located  that  belting  or  other  ob- 
struction; will  not  interfere  with  the 
distribution  of  the  light.  No  local  light- 
ing will  be  required.  The  spacing  should 
be  about  17  feet.  An  intensity  of  \ 
foot-candles  will  be  produced  by  the 
use  of  150  watt  lamps  (gas-fill -d 
tungsten)  spaced  15  feet  apart  in  both 
directions.    The  spacing  may  be  varied 


closer  spacing — 13  to  17  feet.  The  200 
watt  gas-filled  tungsten  lamps  may  be 
used  with  13  foot  spacing  or  300  watt 
lamps  with  17  foot  spacing — depending 
on  the  arrangement  of  machines, 
columns,  etc. 

Foundry — The  intensity  desired  at  the 
work  is  about  4  foot-candles.  To  allow 
for  loss  of  light  on  account  of  smoke 
and  dust,  the  lighting  should  be  designed 
for  a  theoretical  intensity  of  6  foot- 
candles.  The  mounting  height  is  or- 
dinarily determined  by  the  crane,  and 
the  size  of  lamp  will  be  determined  by 


TABLE    I- 

-QUALITIES 

OF    REFLECTORS  OF   DIFFERENT   FORMS 

Qualities 

Metal. 

porcelain-enameled 

Glass 

Shallow-bowl 
or  dome.    15 

degree 
cut-off  angle 

Deep-bowl 

Shallow-bowl 

lamp  att«d 

with  shield  or 

cap 

Deep-bowl 
mirrored  glass 

Deep-bowl 

prismatic 

glass 

Horizontal 
illumination 

Excellent 

Fair 

Fair 

Excellent 

Excellent 

Verti'-al 

illumination 

Ea.ip  of 
maint*»nance 

Good 

Poor 

Poor 

Fair 

Excellent 

Excellent 

Excellent 

Fair 

Fair 

Fair 

Non-liability 
to    breakage 

Excellent 

Excellent 

Excellent 

Fair 

Good 

Non-liability 
to  deterioration 

ExcellfJit 

Excellent 

Good 

Fail 
Good 

Excellent 

"Avoidance  of  eye 

strain  from  direct 

glare 

(See  Note) 

Good 

Excellent 

Good 

Avoidanoe  of  glare 

from  polished 

surfaces 

(See  Note) 

Poor 

Excellent 

Poor 

Poor 

j4ote — The  glare  from  clear  lamps  is  greater  with  shallow-bowl  or  dome  reflectors  than 
with  other  types.  To  prev«nt  excessive  glare  the  lamps  should  either  be  frosted  or  be 
equipped    with    opal    glass    caps,    unless    mounted  at  least  20  feet  above  the  i'oor. 

TABLE    II — SIZE    OF   LAMPS   AND    SPACING    REQUIRED    FOR    VARIOUS 
INTENSITIES  OF  ILLUMINATION 

The  intensities  recommended  for   various  operations  are  given  in  the  text. 

Li  —  Lamp  size  in  watts;  S  =  Spacing  in  feet.      (These   values   do   not   apply   to   indirect 

lighting.) 


Vac- 
Tung- 

Cas  filled  tuTi^s 

ten 

0=5 

steii 

'^u 

L      S 

L      S 

L      S 

L       S 

L      S 

L      S 

L      S 

L      S^ 

L      S 

L        S 

% 

50—28 

75— 39'100— 481150— 61 

200—72 

1 

¥, 

50—20 

75—28 

100—34 

150—43 

200 — 52 

300 — 66 

1 

50 — 14 

75 — 19 

100 — 24 

150 — 31 

200 — 36 

300—47 

400—55 

500—63 

2 

50 — 10 

75—14 

100—17 

150—22 

200 — 26 

300 — 33 

400—39 

500 — 45 

750—5611000—61 

■A 

50—  8 

75—11 

100 — 14 

150 — 18 

200—21 

300 — 27 

400—32 

JOO — 36 

750 — 46|1000 — 54 

4 

75 — 10 

100—12 

150—15 

200 — 18 

300 — 24 

400 — 28 

500—32 

750 lOjlOOO — 17 

5 

100 — 11 

150 — 14 

200—16 

300—21 

400 — 25 

500—28 

750—3611000—42 

6 

100—10 

150—12% 

200 — 15 

300—19 

400—23 

500 — 26 

750 — 3311000—38 

8 

150 — 11 

200—13 

300 — 17 

400 — 20 

500—22 

750 — 2811000 — 33 

1(» 

200—11 

300—15 

400-181500-20 

750—25  1000—30 

12 

300—13% 

400 — 161500 18 

750 — 23  1000 — 27 

15 

1 

300—12 

400 14,500—16 

750—20  1000—24 

to  suit  the  location  of  machines, 
columns,  etc. ;  for  example,  the  lamps 
may  be  spaced  l6  feet  apart  in  one 
direction  and  14  feet  in  the  other.  If 
the  building  construction  or  the  machine 
layout  requires  a  still  different  spacing, 
200  watt  lamps  may  be  used  at  an 
average  spacing  of  18  feet  or  100  watt 
lamps  at  a  spacing  of  12  feet^the  same 
intensity  being  secured  in  either  case. 
If  a  12  foot  spacing  is  used,  the  lamps 
should  be  lowered  to  about  12  feet  above 
the  floor. 

For  Tool  Making,  Pattern  Making, 
Light-colored  Textile  ll'ork — 14  ft.  Ceil- 
ing— An  intensity  of  8  foot-candles  is 
desirable.    This  class  of  work  requires 


the  height,  being  approximately  as  fol- 
lows : — 

20  feet 200  watts 

25  feet 300  watts 

30  feet 400  watts 

35  feet 500  watts 

40  feet 750  watts 

Over  40  feet 1000  watts 

It  may  be  necessary  to  vary  the  lamp 
size  slightly  to  secure  a  spacing  which 
will  conform  to  the  building  construc- 
tion and  at  the  same  time  secure  the 
desired  intensity.  Deep-bowl  reflectors 
are  generally  used.  .-Xngle  type  reflectors 
are  desired  where  placed  along  walls 
below  crane  nuiwav. 
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The  President's  signature  was  affixed 
Yhe  '•'-'  '^'^^  '^^^^  V\  ater  Power  Bill  on  June 

Water  Power      ^^t'"'  ^'^^^-     ^^^^  Bill  passed  Congress 
Bill  by  good  majorities,  the  House  passing 

it  by  a  vote  of  259  to  30,  the  Senate 
by  45  to  2.  The  general  feeling  throughout  the  coun- 
try, and  by  those  interested  in  our  country-wide  power 
development,  is  that  the  new  law  removes  most  of  the 
previous  handicaps  which  for  the  past  fifteen  years  have 
been  so  discouraging  to  financial  support.  Capital 
could  not  follow  enterprises  whose  tenure  of  life  was 
uncertain,  where  regulations  might  be  made  or  permits 
cancelled  at  the  pleasure  of  a  government  department, 
where,  indeed,  more  than  one  department  was  sometimes 
empowered  to  make  vital  decisions.  It  required  the 
stress  of  war,  with  its  intensified  call  upon  our  econ(?mic 
resources,  to  show  us  that  our  earlier  laws,  intended,  of 
course,  to  conserve  our  national  resources,  were  never- 
theless having  the  opposite  effect.  Water  representing 
millions  of  kilowatts  was  running  to  waste  while  the 
supplies  of  coal  and  oil  were  becoming  seriously  im- 
paired.    That  is  the  condition  today. 

It  has  been  estimated  that  the  potential  water  power 
of  this  countrv'  is  something  like  60  000  000  horse-power, 
of  which  16.6  percent  has  been  developed.  About  70 
percent  of  our  water  power  exists  in  the  Pacific  and 
.Mountain  states,  where  but  6.5  percent  has  been  de- 
veloped. Calculations  have  been  made  that  with  maxi- 
nmm  storage  facilities  developed  and  utilized  so  as  to 
include  seasonal  storage,  a  total  capacity  of  approxi- 
mately 200  000  CHDO  horse-power  might  be  created.  The 
magnitude  of  these  figures  is  impressive,  when  we  con- 
sider that  the  steam  power  used  in  this  country  today, 
exclusive  of  locomotives,  is  approximately  25  000  000 
horse-power.  The  country  consumes  about  600  000  000 
tons  of  coal  a  year,  divided  about  equally  between  use 
for  power  and  use  for  heating.  Its  use  for  power,  as 
every  one  knows,  is  very  uneconomical.  The  average 
efficiency  is  probably  not  much  better  than  five  percent. 
Inevitably,  we  shall  come  to  the  zoning  of  our  power 
districts,  where  great  areas  of  the  country  will  be 
served  more  reliably  and  more  economically  by  the  in- 
terconnecting of  present  systems  and  the  creation  of 
new  ones.  Steam  power  will  of  necessity  be  'largely 
used.  Hydroelectric  energy  will  be  employed  where 
possible.  It  will  mean  longer  distance  transmission  and 
higher  voltages. 

The  new  Water  Power  Bill  has  been  quite  widely 
published.  It  deserves  careful  reading.  It  probably  is 
not  perfect,  but  it  is  hopefully  regarded  by  all  informed 
and  thinking  men  who  have  realized  the  momentous 
need  of  a  change  in  the  laws  that  would  permit  of  sav- 
ing these  enormous  quantities  of  energy  that  are  now 
going  to  waste.     These  great  developments  involve  not 


alone  the  benefits  of  cheap  power.  Other  great  advan- 
tages accrue,  each  in  itself  large  enough  to  warrant  the 
thought  which  the  subject  has  had.  Much  will  be  ac- 
complished in  flood  prevention.  Large  areas  of  arid 
low  lands  may  be  irrigated  with  the  water  coming  from 
the  generating  plants.  Thousands  of  miles  can  be 
added  to  navigation  in  our  upper  rivers  and  streams. 
Altogether,  this  Bill  is  probably  destined  to  prove  a 
great  work  of  constructive  legislation. 

E.  H.  Sniffin, 


Modern  ^I"ch  emphasis  has  been  placed,  and 

Testing  rightly   placed,   upon   designing  elec- 

Equipment  ^'''''^^  apparatus  so  that  its  user, 
whether  in  the  home  or  in  the  factory, 
could  not  by  any  possible  accident  come  into  contact 
with  a  live  circuit.  In  certain  classes  of  work,  how- 
ever, which  are  performed  only  by  trained  and  experi- 
enced electrical  experts — notably  in  the  testing  of  elec- 
trical apparatus — it  has  been  too  frequently  assumed 
that  the  operator  was  sufficiently  familiar  with  the 
danger  of  touching  a  high-potential  circuit  to  protect 
himself  from  accidental  contact  with  an  imguarded  wire 
or  piece  of  apparatus.  This  assumption  is  seldom  war- 
ranted. The  most  skillful  operator  is  apt  to  become 
careless  from  long  continued  familiarity  'with  high- 
potential  apparatus.  There  are  also  times  when  any 
tester  is  working  below  his  normal  efficiency.  Even  un- 
der the  best  circumstances,  when  live  parts  are  un- 
protected, an  individual  must  spend  in  avoiding  danger, 
a  certain  part  of  his  attention  and  effort  which  might 
better  be  employed  in  productive  work.  Moreover, 
where  all  possibility  of  accidental  contact  is  eliminated, 
much  routine  electrical  testing  can  be  performed  by  in- 
experienced men. 

With  these  ideas  in  mind,  the  "safety  first"  test 
equipment  described  in  this  issue  by  Mr.  Heckman  has 
been  constructed  and  has  been  successfully  operated  for 
some  time.  With  this  equipment  there  would  seem  to 
be  no  possible  combination  of  carelessness  or  deliberate 
foolishness  which  will  produce  a  serious  accident,  as  any 
departure  from  the  normal  test  methods  will  immedi- 
ately open  the  circuit  breakers  and  disconnect  the  high 
potential  from  all  parts  of  the  board  and  of  the  appara- 
tus under  test.  IMoreover  these  safety  devices  are  so  ar- 
j-anged  as  not  to  interfere  in  any  way  with  routine  test- 
ing. In  fact  the  ver\'  elements  which  insure  the  safetv 
of  the  operator  serve  also  to  make  the  normal  operation 
quicker  and  easier.  It  mu.st  be  admitted  thnt  in  cer- 
tain few  cases  it  is  practically  impossible  to  provide  pro- 
tection for  all  live  parts,  but  everv  eflfort  should  be  made 
in  that  direction  before  permitting  a  man  to  assume 
-;urh  a  grave  re.sponsibilitj'  as  his  personal  safety'. 
Cttas.  R.  Rikkr 
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Tin:  KIU.IAIULITY  and  strength  of  the  metals 
used  for  structural  purposes  is  often  times — per- 
haps too  often — taken  for  granted,  and  we  re- 
gard them  callously  as  proof  against  and  unaffected  by 
the  barbarous  treatment  of  which  they  are  so  often  the 
recipients  in  manufacturing  processes.  On  second 
thought,  we  remember  the  response  of  steel,  especially 
certain  alloy  steels,  to  heat  treatments,  an  overdose  of 
which  may  well-nigh  prove  fatal ;  the  cracking  and 
failure  from  obscure  causes  of  many  brasses;  the 
decay  of  aluminum  and  some  of  its  alloys  when  exposed 
to  certain  corroding  atmospheres. 

Copper,  inert  in  many  respects,  is  not  immune,  but 
is  subject  to  a  disease  of  its  own,  i)eculiarly  insidious 
and  dangerous  in  the  manner  of  its  contraction  and  its 


ILI-liNG. 
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impurities  and  to  permit  the  casting  of  a  mechanically 
sound  ingot  fit  for  working.  This  oxygen  is  combintd 
as  a  sub-oxide  of  copper,  and, in  wrought  copper — rod, 
wire  or  sheet, — after  the  succession  of  mechanical  work- 
ing and  annealing  treatments,  is  present  as  a  nmltitude 
of  finely  divided  and  uniformly  scattered  particles  em- 
bedded in  the  copper.  These  may  readily  be  seen  with 
a  microscope  after  suitable  preparation.  Fig.  i  is 
illustrative.  The  irregularly  shaped  areas  are  the  out- 
lines of  the  crystalline  grains  of  which  pure  metals  are 
constituted,  and  indiscriminately  scattered  throughout 
are  small  round  oxide  particles.  In  short,  "copper"  is  a 
mixtme  of  metallic  copper  and  bits  of  copper  oxid'e. 

Certain  gases    have  the    jjroperty  of    dissolving  in 
solids  at  high  temperatures  and,  of  these,  hydrogen  is  by 


Sliuuiiig  oxid' 
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lack  of  visible  symptoms  or  danger  signals.  Certain 
gases,  chemically  reducing  in  nature,  which  may  be 
present  in  incompletely  burned  furnace  atmospheres  or 
in  flames,  if  permitted  to  come  into  contact  with  heated 
copper,  exert  a  most  baneful  effect  on  the  strength  and 
ductility  of  the  latter,  an  effect  all  the  more  serious  in 
that  there  is  no  restorative.  Of  two  bars  of  copper, 
similarly  treated,  one  may  be  as  strong  and  tough  ns 
could  be  desired,  and  the  other,  identical  with  the  first  in- 
outward  appearance,  may  yet  be  so  weak  and  friable  as 
to  be  broken  without  difficulty  by  the  fingers. 

In  order  to  understand  the  cause  of  this  action 
and  ways  of  combatting  it,  it  is  necessary  to  examine 
closely  the  physical  make-up  of  copper  and  some  pro- 
perties of  certain  reducing  gases. 

High  grade  copper,  as  used  for  electrical  purposes, 
is  not  pure  copper.  A  number  of  impurities  are  always 
present,  usually  hardly  more  than  traces,  with  one  ex- 
ception, and  that  is  oxygen.  This  normally  occurs  in 
from  0.03  to  0.08  percent,  and  is  metallurgically  neces- 
sary during  refining  to  eliminate  other  more  pernicious 


f  I        ,  I     ,    i  I  \    SHOWN  IN  FIG.  2 

After  JO  minutes  heating  in  hydrogen 
at  Soo  degrees  C.     Not  etched.     X  100. 

far  the  most  active.  Cold,  it  will  dissolve  in  metallic 
palladium,  and  an  extension  of  this  same  manifestation 
is  its  ability  of  dissolving  in  heated  copper.  As  this 
dissolved  hydrogen  penetrates  the  copper  inward  from 
the  surface,  each  granule  of  copper  oxide  it  meets  is  at- 
tacked and  reduced  to  metallic  copper,  with  the  forma- 
tion of  another  gas — steam — which  is  relatively  insolu- 
ble in  copper.  The  result  of  this  chemical  reaction  go- 
ing on  at  a  myriad  of  isolated  points  is  highly  interest- 
ing, but  hard  on  the  copper.  The  hydrogen  can  get  in 
and  the  steam  cannot  get  out ;  accumulating  at  constant- 
ly increasing  pres,sure  around  each  of  the  oxide  granules, 
eventually  the  cohesive  strength  of  the  metal  is  exceeded 
and  the  grains  split  apart,  allowing  the  steam  to  escape. 
An  instructive  example  is  shown  in  Figs.  2  and  3,  which 
are  micrographs  respectively  of  a  copper  sheet  contain- 
ing considerably  more  oxygen  than  usual,  before  and 
after  heating  in  hydrogen  at  800°  C.  The  fissures  and 
cavities  have  developed  without  the  application  of  ex- 
ternal forces.  In  Fig.  4  are  adjacent  sections  of  a 
specially  prepared,  highly  oxygenated  rod  shown  before 


August,   1920 


THE  ELECTRIC  JOURNAL 


321 


and  after  heating  at  850°  C  in  hydrogen,  giving  striking 
evidence  of  the  intensity  of  the  latent  forces  which  may 
be  called  into  action  by  a  gentle  flame  playing  over  the 
surface. 

This  action  is  not  peculiar  to  h3drogen  alone;  other 
reducing  gases,  for  example  carbon  monoxide,  will  be- 
have similarly  but  with  less  violence.     The  incompletely 


FIG.    4 — COPPER    ROD    CONTAINING 
0.50   PERCENT  OXYGEN 

Before  and  after  heating  in 
hydrogen  at  850  degrees  C. 
Natural  size. 


FIG.  5 — COPPER  ROD 

D.\M.\GED  BY  REDUCING 

GASES   DURING 

ANNEALING 
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burned  gases  in  the  discharge  from  a  furnace  are  a 
complex  mixture,  but  practically  hydrogen  is  the  active 
component,  and  an  examination  of  the  behavior  of  hy- 
drogen in  this  respect  is  sufficient  to  characterize  the  ac- 
tion. 

The  physical  efl:'ect  of  hydrogenation  is  so  mark;-d 
that  a  simple  bending  test  is  sufficient  (in  cases  where  it 
can  be  applied)  for  its  detection.  The  effect  of  anneal- 
ing temperature  upon  bending  resistance  of  some  0.625 
by  0.048  inch  copper  strips  (0.05  percent  oxygen)  after 
a  half  hour's  heating  in  hydrogen  is  shown  in  Fig.  6. 
Above  400°  C  a  rapid  deterioration  sets  in,  which  is 
so  pronounced  above  700°  C  that  the  strip  could  be 
li''oken  on  the  first  bend.  No  such  effect  followed  an- 
nealing at   similar  temperatures  in   an  oxidizing   atmos- 
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The  examples  which  have  been  given  above  are 
exaggerated  cases  of  the  fate  that  actually  may  overtake 
copper  during  its  fabrication  or  during  subsequent  hear- 
ing operations  incidental  to  its  use,  providing  the  neces- 
sary combination  of  factors  is  present — that  it  is  heated 
above  400°  C  in  contact  with  reducing  gases.  A  quarter 
inch  rod  was  annealed  in  a  large  muft'ie  furnace  in 
which  the  products  of  combustion,  containing  a  quantity 
of  unbunied  gaseous  material,  were  allowed  to  drift 
over  it.  \\'hen  bent  around  a  comparatively  large 
radius,  fracture  occured  in  numerous  places  (Fig.  5) 
and  close  examination  showed  the  existence  of  a  friable 
outer  shell  about  one  sixteenth  inch  deep  enclosing  a 
tough  unaffected  core.  Microscopic  examination  of 
an  unbent  section  revealed  the  characteristic  symptoms 
— a  profusion  of  intercrystalline  fractures  and  an  ab- 
.sence  of  oxide  granules  (Fig.  8).  The  action,  begin- 
ning as  it  does  at  the  surface,  and  working  inwards, 
may  have  a  slight  effect  only  when  tensile  stresses  are 
in\-ol\ed.  yet  still  be  serious  with  bending  stresses,  the 
superficial  fissures  being  strategically  situated  at  the 
point  where  the  fiber  stresses  are  greatest.  Once  honey- 
combed with  microscopic  cracks  the  restoration  of  such 
copper  to  its  normal  condition  is  not  feasible,  as  the 
internal  surfaces  become  o.xidized  and  non-weldable, 
and  its  usefulness  is  limited  to  the  melting  pot. 

Another  example  is  shown  in  Fig.  9,  a  micrograph 
taken  from  a  copper  frame  which  was  brazed  in  a  gas 
llame  in  such  a  way  as  to  permit  the  flame  to  strike  di- 
rectly upon  its  surface.  The  affected  layer  was  only 
0.03  inch  deep  but  was  sufficient  to  cause  the  failure  of 
a  quarter  inch  square  rod,  and  ultimately  the  whole 
structure,  under  long  continued  bending  stresses. 

.V  large  coil  of  heav}-  section,  insulated  with  im- 
pregnated organic  materials,  had  the  insulation  burned 
oft",  an  operation  designed  to  bring  about  an  evil  combi- 
nation of  circu  nstances.     The  collier  winding  thus  re- 
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FIG.   7 — RATE  (ir   IiIFnSlO.V   OF   HYDROGEN   IN   COPPER 


phere,    the   high   bending   resistance   being   unimpaired,  claimed   was  badly  affected   with   hydrogenation    ( Fig. 

It  is  instructive  to  compare  this  curve  with  Fig.  7,  giving  10)  and  attempts  to  re-form  it  resulted  in  its  failure, 

the  results  of  some  determinations  of  the  velocity  of  In  the  examples  just  given  the  danger  accompany- 

penetration  of  hydrogen  into  copper,  which  could  first  ing  the  practices   illustrated  is   fairly  obvious,   knowing 

be  detected  in  the  same  temperature  range  (400-500°  C)  the  obnoxious  properties  of  reducing  gases,  but  gases  of 

in  which  incipient  deterioration  in  strength  was  found.  this  nature  may  be    found  in   unlooked-for  quarters,   as 
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for  example  the  molten  salt  baths  used  in  heat  treating 
steel,  which  have  lately  been  reported  as  containing 
sufficient  dissolved  hydrogen  to  render  dangerous  the 
immersion  of  copper  articles  in  them. 

The  statement  of  this  problem  has  been  its  own  so- 
lution.    I'revenlioii  is  the  only  cure.     To  avoid  the  dif- 


c — Exclude  reducing  gases  from  heating  chambers. 
Oxygen-free  copper  of  high  conductivity,  suitable  for 
electrical  purposes,  is  not  a  commercial  product.  In  the 
majority  of  the  thermal  operations  to  which  we  subject 
copper  we  do  not  have  the  liberty  of  action  to  limit  the 
temperature,  and  our  final   recourse  lies  in  the  elimina- 
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ficulties  detailed  above  there  are  three  things  which  may 
be  done : 

a — Use  oxygen-free  copper. 

b — Conduct  thermal  processes  at  temperatures  at  which 
copper  is  insensitive  to  reducing  gases. 


tion  of  deleterious  gases  from  the  heating  space,  either 
by  exclusion  or  by  ensuring  complete  combustion. 
This  is  largely  a  matter  of  furnace  design,  in  which  the 
advantages  of  electric  heating  are  obvious. 
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TIIKRE  ARE  MANY  REASONS  for  the  selec- 
tion of  ball  bearings  other  than  the  one  generally 
considered,  viz.,  the  reduction  of  frictional  resist- 
ance to  turning.  Other  features  which  the  engineer 
who  is  responsible  for  the  design  of  the  apparatus 
-liould  consider  are: — 

Maintenance  of  fixed  centers  in  design. 
Ease  of  securing  true  alignment. 
Reduction  of  vibration  to  a  minimum. 
Accuracy  and  ease  of  turning. 
Radial  play  of  bearings  in  their  mountings. 
Endvyise  shift  of  shaft  or  axial  play,  as  well  as  a  fixed 
axial  position  of  the  shaft  at  one  hearing  position. 

Fits  in  mounting  bearings  as  recommended  by  the  bear- 
ing manufacturer  for  the  particular  service  or  design. 
High  speed  and  low  speed  turning. 
Eccentricity  of  bearings  and  shaft,  and  its  effects. 
Simplicity  of  mounting  from  an  assembling  and  ma- 
chining standpoint. 

Ingenuity  of  mounting  in  providing  for  the  least  num- 
ber of  essential  parts. 

Facility  of  disassembling  and  inspection  of  bearings. 
Provision  in  design  for  the  protection  of  the  bearings 
from    foreign   material   such  as   dust,   dirt,   grit,   moisture, 
vapors  and  against  the  loss  of  lubricant. 

Saving  in  overall  length  by  the  adoption  of  ball  bear- 
ings over  sleeve  or  plain  bearings. 

After  such  points  have  been  taken  care  of  and 
properly  designed  bearings  have  been  selected,  it  is  ob- 
vious that  accurate  machining  plays  a  prominent  part  in 


adding  to  the  service  thai  may  be  expected  from  the 
mounting  and  use  of  the  bearings.  With  the  ball  bear- 
ing manufacturers  specializing  to  deliver  a  uniform 
high  grade  and  serviceable  product  in  a  condition  well 
protected  against  the  elements  and  against  mis-handling, 
it  becomes  increasingly  important  for  the  user  of  bear- 
ings to  give  like  consideration  to  the  niceties  of  mount- 
ing, in  order  not  to  impair  what  has  previously 
been  accomplished  with  much  effort  and  expense. 

The  actual  mounting  of  bearings  consists  of  more 
than  providing  a  hole  of  indefinite  character  for  the  sup- 
port of  the  outer  ring  of  the  bearing  and  a  shaft  of  ap- 
parently round  form  to  constitute  the  turning  element. 
The  bores  for  the  bearings  as  well  as  for  the  shafts 
should  be  round  or  as  near  round  as  it  is  possible  to 
make  them  by  the  methods  of  machining  and  finishing 
that  are  available  today.  There  is  an  ideal  for  such 
work;  and  upon  how  closely  the  manufacturer  or  user 
is  able  to  fabricate  these  parts,  will  depend  on  the 
amount  of  stress  due  to  distortion  and  expansion  that 
can  be  properly  carried  by  the  unit  bearing.  The 
better  the  fabrication  the  better  the  product.  Nothing 
less  than  reaming  (in  quantity  production)  of  the  bores 
and  grinding  of  the  shaft  for  the  mounting  of  the  bear- 
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ing  rings  is  considered  good  practice  for  a  uniform  pro- 
duct. 

With  the  bearings  deUvered  in  well  protected  pack- 
ages and  ready  for  use,  it  is  well  for  the  machine 
manufacturer  to  consider  that  his  own  interests  are  best 
served  if  such  bearings  are  kept  either  in  the  original 
packages  or  under  conditions  which  will  provide  a  dry 
place  for  storage  and  protection  from  careless  handling. 
It  must  be  remembered  that  highly  polished  steel  sur- 
faces are  alifected  by  damp  atmosphere,  by  perspiration 
and  by  dust,  dirt  or  grit.  The  bearings  should  have  in- 
dividual and  careful  attention  up  to  the  point  of  mount- 
ing, and  thereafter.  Modern  practice  in  production  de- 
mands that  bearings  shall  be  systematically  mounted 
with  the  least  possible  effect  of  the  personal  element  that 
contributes  to  abuses.  Where  large  production  war- 
rants, jigs  and  fixtures  should  be  utilized  for  the  easy 
manipulation  of  bearings  in  the  process  of  mounting. 
Where  a  small  number  of  beanngs  are  used,  this  pro- 
vision cannot  be  expected.  Nevertheless,  care  should 
be  exercised  in  the  actual  application  of  the  bearings  so 
as  to  provide  against  careless  use  of  hammers,  unsuit- 
able tools,  wrong  assemblies,  pinching,  binding,  scoring 
and  other  careless  treatment  which  may  tend  to  prevent 
the  bearings  from  rendering  satisfactory  service. 

For  the  proper  assembly  of  units,  it  is  quite  essen- 
tial to  provide  clean  work  benches  and  careful  operators 
to  insure  the  ultimate  clean  assembly  of  parts  such  as 
housings,  plates,  armatures,  etc.,  and  any  further 
methods  that  will  insure  against  possible  contamination 
of  the  lubricant  by  materials  such  as  chips,  filings,  dirt 
and  grit.  Carefulness  in  assembling  prevents  noisy  op- 
eration of  bearings  and  unsatisfactory  wear  and  ser\'ice. 
loo  much  importance  cannot  be  placed  upon  this 
general  rule  of  good  practice,  as  will  readily  be  appre- 
ciated by  those  who  have  had  occasion  to  have  appar- 
atus disassembled,  cleaned  and  reassembled  at  consider- 
able loss  of  time  and  expense,  all  on  account  of  thought- 
less and  careless  habits  of  some  assembling  operator. 

The  question  of  lubrication  for  ball  bearings,  from 
the  manufacturer's  as  well  as  from  the  user's  standpoint, 
requires  some  special  attention.  The  lubrication  of  the 
apparatus  will  depend  somewhat  upon  the  particular 
service  which  it  is  to  give  and  somewhat  upon  the 
mounting  that  has  been  provided  by  the  designer.  To 
obtain  maximum  service,  from  ball  bearings,  it  is  neces- 
sary to  provide  a  lubricant  that  will  offer  protection  to 
the  highly  polished  surfaces  of  the  raceways  and  balls. 
This  eliminates  lubricants  with  free  acid,  alkali  or 
moisture.  Again,  there  should  be  sufficient  lubricant  to 
permit  free,  easy  and  continuous  movement  betweejT  \the 
cages  and  balls.  These  requirements  are  a  minimum. 
Any  additional  lubricant  only  operates  as  an  insurance 
against  future  difficulties.  It  is  here  that  the  designer's 
work  is  most  effective  in  the  application  of  bearings,  for 
he  must  give   full   consideration   to   such   points   as: — 


service  to  be  performed,  conditions  of  heating,  the  kind 
or  quality  of  lubricant  to  be  used  and  the  possible  atten- 
tion that  the  bearing  may  be  expected  to  receive  in  the 
way  of  lubrication.  Both  mineral  grease  and  mineral 
oils  are  used  for  the  different  classes  of  service.  Both 
will  lubricate  satisfactorily,  if  properly  selected. 

From  the  manufacturer's  or  first  user's  standpoint, 
it  is  evident  that  he  must  provide  protection  for  the 
bearings  to  cover  the  period  from  the  time  of  the  as- 
sembly of  the  apparatus  until  it  passes  through  the  dif- 
ferent stages  of  storage,  shipment,  handling  and  opera- 
tion. The  bearings  must  remain  lubricated;  and  hence 
it  is  good  practice  to  pack  the  bearings  to  about  one-half 
of  their  volumetric  mounting  displacement  with  a  good 
grade  of  petroleum  grease.  In  small  apparatus  it  is 
usual  to  provide  means  for  the  addition  of  mineral  oil. 
In  most  cases  this  should  be  of  medium  consistency. 
With  mountings  so  provided,  it  is  well  to  assume  that, 
when  finally  the  apparatus  is  put  into  operation,  the 
first  real  lubricating  attention  will  be  given  by  the  ulti- 
mate purchaser  or  user.  From  then  on,  the  manufac- 
turer loses  his  control  over  the  apparatus,  other  than  to 
provide  the  usual  guarantees  against  defective  work- 
m.anship,  and  the  apparatus  must  stand  on  its  own 
merits  as  to  operating  efficiency. 

Should  the  time  come  when  the  ball  bearings  need 
attention  in  the  way  of  inspection,  replacement,  cleaning 
or  other  cause,  it  is  only  necessary  to  open  the  mount- 
ings, disassemble  the  parts  and  proceed  with  a  thorough 
cleaning  and  inspection  of  both  the  housings  and  the 
bearings.  Replacements,  if  necessary,  may  easily  be 
made  with  new  bearings  procured  from  the  bearing 
manufacturer  or  from  the  service  stations  established 
throughout  the  country.  There  is  an  element  of  time 
saving  in  this  procedure  for  the  reason  that  the  stand- 
ard bearings  may  be  mounted  without  change  in  the 
original  mountings  without  much  effort  or  any  loss  of 
time.  The  reassembly  of  the  unit  brings  the  machine 
back  to  its  original  operating  conditions  with  the  same 
fixed  centers,  same  conditions  of  rotation  and  the  same 
original  advantages  that  were  built  into  the  machine — 
J,  feature  which  has  been  much  appreciated  by  tliose 
who  are  interested  in  the  efficient,  continuous  perform- 
ance of  their  product. 

In  remounting  bearings,  they  should  be  partially 
packed  with  the  proper  grease,  as  previously  described. 
Further,  the  subsequent  addition  of  a  medium  grade  of 
lubricating  oil  not  only  helps  to  keep  up  the  consistency 
of  the  grease  but  aids  by  its  fluidity  in  insuring  a  general 
distribution  of  the  lubricating  mixture. 

As  a  general  conclusion,  it  must  be  remembered 
that  ball  bearings  are  units  in  themselves,  and  that  they 
will  give  long  and  lasting  service  if  properly  selected, 
properly  mounted  and  occasionally  given  attention  in 
the  way  of  lubrication. 
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On  the  C!bicago,  Milwaukee  &.  St.  Paul  Raikoa<] 


HI  BATING  PASSENGER  COACHES  drawn  by 
electric  locomotives  brings  up  the  problem  of 
supplying  heat  to  cars  already  equipped  with 
radiators  and  piping  for  steam.  This  necessitates 
equipping  an  electric  locomotive  with  a  boiler  and  the 
necessary  appurtenances.  On  the  Chicago,  Milwaukee 
<S-.  St.  Paul  Railroad  in  the  Rocky  Mountains,  this 
problem  is  of  considerable  importance,  because  of  the 
severe  winters.  To  provide  suitable  facilities  for 
generating  a  large  amount  of  steam  in  a  limited  space, 
the  locomotives  are  equipped  with  large  boilers  fired 
liy   crude  oil. 

In  the  middle  of  the  cab  a  heating  compartment  is 
provided.  This  compartment  contains  the  boiler, 
water  tanks,  oil  tank,  pumps,  blower  sets  for  forced 
draft  and  all  the  control  valves.  The  apparatus  is 
arranged  to  be  operated  from  a  platform  in  front  of 
the  boiler  and  all  the  valves,  gages  and  auxiliarj'  ap- 
paratus are  arranged  for  convenient  operation  at  that 
jwint.  The  two  main  channels  of  the  cab  support  the 
hoiler,  tanks  and  floor.  Overhead  the  cab  roof  is 
divided  into  three  sections  so  that  when  removed  all 
parts  of  the  heating  plant  can  be  lifted  out. 

The  boiler,  /^  inches  in  diameter  and  lOO  inches 
high,  was  designed  by  the  Chicago,  Milwaukee  &  St. 
F'aul  Railroad  to  generate  4000  pounds  of  steam  per 
hour  and  to  operate  at  100  pounds  pressure.  In 
general,  the  boiler  is  of  the  vertical  fire-tube  type  with 
J.  water  leg  extending  up  the  entire  height  and  with 
tubes  inside  running  vertically  from  fire  box  to  smoke 
chamber.  It  resembles  the  boiler  of  a  steam  locomo- 
tive set  up  on  end  and  is  built  to  take  standard  locomo- 
tive fittings.  This  simplifies  maintenance  as  these 
fittings  are  carried  in  stock  for  the  steam  locomotives. 
'l"o  reduce  heat  loss  radiation,  the  shell  is  covered  with 
two  inch  lagging  surrounded  by  a  planished  iron 
jpcket. 

The  heat  is  produced  by  an  oil  burner  mounted  on 
the  fire  door  frame.  This  burner,  designed  to  burn 
crude  oil,  is  started  with  an  atomizing  jet  of  com- 
pressed air  and  is  operated  with  steam.  The  oil  vapor 
is  blown  into  a  circular  combustion  chamber  lined  with 
fire  brick.  Forced  draft  is  supplied  through  an  air 
duct  which  enters  the  fire  door  frame  below  the 
burner. 

The  water  supply  is  carried  in  two  tanks.  Tank 
A  is  behind  the  boiler  and  tank  C  in  front.  Their  com- 
bined capacity  is  3033  gallons.  These  tanks  are 
mounted  on  the  main  channels  and  are  removable. 
They  are  connected  by  two  equalizing  pipes,  one  of 
which  is  also  used  for  draining,  filling  and  suction  for 
the  feed  water  pump.     The  oil  tank  B  is  hung  on  the 
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main  channel  below  the  boiler  with  a  safe  air  space. 
This  tank  has  a  capacity  of  750  gallons  and  can  be  hlled 
from  either  side  of  the  locomotive. 

Water  is  pumped  into  the  boiler  by  a  single- 
cylinder  feed  water  pump  which  operates  either  on 
steam  or  air.  At  a  moderate  speed,  this  pump  is  built 
to  supply  150  boiler  horse-power.  At  four  gallons  per 
hour  per  boiler  horse-power,  this  would  be  600  gallons. 
The  pump  is  located  on  the  floor  in  front  of  the  boiler. 
Provisions  were  made  to  burn  California  crude  oil. 
This  oil  is  heavy,  black  and  very  sluggish,  about  the 
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consistenc}  of  molasses.  From  data  available  such 
crude  oil  averages  from  0.95  to  0.97  specific  gravity 
or  eight  pounds  to  the  gallon.  The  heat  content  is 
about  18  500  B.t.u.  per  pound  with  an  average  analy- 
sis of  86  percent  carbon,  11.3  percent  hydrogen,  0.7 
percent  nitrogen,  0.8  percent  sulphur  and  the  re- 
mainder of  foreign  matter.  The  flash  point  is  between 
150  and  200  degrees  F.  When  cold,  the  oil  is  very 
sluggish  and  string}-.  This  necessitates  preheating  for 
use  in  cold  weather.  'Oil  for  the  burner  is  supplied 
hy  a  small  duplex  oil  pump  mounted  on  the  floor 
in  front  of  the  feed  water  pump.  The  oil  pump  is 
rated  to  deliver  780  gallons  per  hour  at  maximum 
speed.  A  large  receiver  drum  is  placed  in  the  delivery 
i.ne  between  the  pump  and  burner  to  give  an  even  flow 
fif  oil.  Compressed  air  is  used  for  starting  and  then 
steam  is  supplied  for  continuous  operation. 
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The  blower  set  for  supplying  the  forced  draft 
consists  of  a  fan  and  motor  mounted  on  a  common  bed 
plate  with  the  fan  housing  in  front  of  the  fire  door.  A 
short  air  duct  delivers  the  draft  from  fan  to  com- 
bustion chamber  through  the  fire  door  frame.  At 
1800  r.p.m.,  the  fan  delivers  2650  cu.  ft.  with  two  inch 
pressure  at  the  outlet,  maximum  capacity.  For  nor- 
mal operation  1800  cu.  ft.  are  required  at  one  inch 
pressure.  The  motor  is  of  the  standard  vehicle  type 
totally  enclosed  and  operating  on  the  85  volt  auxiliary 
circuit.  For  controlling  the  speed  of  the  set,  an  eight 
point  controller  is  supplied.  Both  armature  and  field 
control  are  used.  The  controller  handle,  canopy 
switch,    and    fuses   are   mounted    on    the    front    of    the 


lines  at  each  eml  uf  the  cab.  The  auxiliary  steam 
header  suiiplies  the  inspirator,  used  in  case  of  feed 
water  pump  failure,  and  the  live  steam  lines  which  warm 
the  oil  and  water  tanks.  The  auxiliary  steam-and- 
air  header  takes  steam  through  a  globe  valve  and  a 
check  valve  from  the  main  header.  Compressed  air, 
from  beyond  the  governor,  is  introduced  into  the 
header  through  an  air  cock  and  a  check  valve.  This 
header  supplies  both  pumps  and  the  burner.  In  start- 
ing, air  is  used  and  for  continuous  service,  steam  is  ob- 
tained from  the  boiler. 

The  oil  line  extends  from  the  bottom  of  the  oil 
tank  up  through  a  strainer  tee  to  the  pump.  Then  it 
runs  to  the  receiver  drum  and  on  to  the  burner.  Just 
efore  reaching  the  burner,  a  drain  into  the  oil  tank  is 
provided  which  also  acts  as  a  by-pass. 


FIG.    2 — FU'ING    DI.'\GRAM    OF    BOILER    AND    AUXILI.\RY    EQUIPMF.NT 


panel  with  the  resistance  tubes  hung  on  the  back  and 
the  complete  unit  secured  to  the  uprights  at  the  side 
and  in  front  of  the  boiler. 

The  main  steam  header  takes  steam  from  the  dry 
pipe  at  the  top  and  rear  of  the  boiler,  extends  around 
to  the  front  where  the  auxiliary  steam  header  and  the 
auxiliary  steam-and-air  headers  are  connected,  and  then 
crosses  in  front  of  the  operating  position  through  a 
special  locomotive-type  reducing  valve  and  a  globe 
valve  to  the  train  lines,  which  run  along  the  roof  of  the 
cab  over  the  aisle.  The  train  lines  run  to  both  ends 
of  the  cab  and  down  to  flexible  joints  on  the  trucks 
to  the  steam  hose  and  couplings.  Cab  radiators  for 
the  motormans  compartments  are  tapped  into  the  train 


The  water  line  comes  from  one  of  the  equalizing 
]iil)es  between  the  tanks  and  extends  to  the  inspirator 
and  to  the  feed  water  pump,  both  of  which  deliver  the 
v;ater  to  the  boiler  through  separate  check  valves.  \\\ 
steam,  water,  oil  and  air  lines  are  provided  with  re- 
lease valves  and  drains.  The  drains  are  particularly 
necessary  in  cold  weather  to  prevent  freezing.  Live 
•steam  lines  and  exhaust  lines  from  the  pumps  are  con- 
nected to  the  oil  and  water  tanks  for  preheating,  al- 
though the  pump  lines  are  also  arranged  to  exhaust 
into  atmosjihere  if  desired.  .\11  valves,  gages  and  ap- 
paratus which  must  he  m;niiinilated  during  operation 
are  located  in  front  of  the  operator's  position  and,  as  a 
result,  the  entire  plant  is  quite  compact. 
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IN  LAYING  OUT  a  distribution  system  for  a  single- 
jihase  railway,  two  of  the  main  points  to  be  con- 
sidered are:  i — the  regulation  of  the  system,  and 
2 — the  inductive  interference  in  neighboring  telegraph 
a:id  telephone  lines.  These  two  points  are  inter-related 
u'  that  a  change  in  the  system  which  affects  one  will 
generally  affect  the  other.  A  certain  class  of  changes 
to  better  the  regulation  makes  induction  worse,  and  an- 
other class  improves  the  conditions  in  the  neighboiing 
circuits. 

IMPEDANCE  OF  THE  TROLLEY — RAIL  CIRCUIT 

The  first  element  to  be  considered  in  working  out 
the  regulation  of  the  system  is  the  impedance  of  the 
circuit  composed  of  the  trolley  wire  and  return  path. 
This  impedance  consists  of  the  resistance  of  the  trolley 
wires  and  the  rails  and  the  reactance  due  to  the  mag- 
netic held  between  them.  The  resistance  of  the  trolley 
wire  is  readily  obtained  as,  for  the  railroad  frequency  of 
25  cycles,  it  is  practically  the  same  as  for  direct-current. 
The  rails,  however,  have  higher  resistance  to  alternating 
than  to  direct-current.  The  ratio  between  the  25  cycle 
alternating-current  and  the  direct-current  resistance  has 
been  experimentally  determined  as  about  2.5  to  i.  The 
reactance  per  mile  due  to  the  trolley  wire  is  given  by  the 
fcrmular— 

A'  =  0.1 16  log,.,  -^Tg-;.-/i"-  25  cycles. 

where  d  is  the  distance  between  the  rails  and  the  trolley 
and  r  the  radius  of  the  trolley.  Likewise  the  reactance 
per  mile  due  to  the  track  is, — 
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reactance  calculated  and  a  high  degree  of  accuracy  for 
the  effective  radius  of  one  rail  is  not  necessary. 


.V  ==  /'  O.I  16  lot/ 


-for  25  cycles. 


where  /'  is  the  proportion  of  trolley  current  which  re- 
turns by  rail,  and  r'  is  the  effective  radius  of  the  two 
rails,  or  the  geometric  mean  distance  between  the  rails, 
which  is  equal  to 


where  r^  and  rt,  are  the  equivalent  radii  of  the  two  rails 
?nd  dab  the  distance  between  them. 

In  the  case  of  two  wires  being  used  as  trolley  coo- 
di'.ctors  the  same  method  applies  for  obtaining  the 
proper  value  of  o.fSr  for  calculation  of  reactance. 
Likewise  in  the  case  of  double  or  four  track  the 
geometric  mean  distance  of  the  wires  from  themselves 
must  be  used  in  place  of  o.^8r  and  the  geometric  mean 
distance  of  the  wires  from  the  track  in  place  of  d. 

The  radius  for  a  single  rail  has  been  determined 
empirically  so  that  the  effect  of  the  internal  field  i.a  the 
steel  may  be  neglected  in  calculations.  For  a  100  lb. 
rail,  the  value  used  is  0.35  in.  Considerable  variation 
of  this  value  makes  verv  little  difference  in  the  total 


PROPORTION   OF  EARTH    CURRENT 

As  mentioned  above  the  proportion  of  current  re- 
turning by  rails  must  be  known  in  order  to  have  com- 
plete impedance  data.  This  proportion  has  been  de- 
termined by  experiment  in  several  cases  and  has  also 
been  calculated  by  approximate  methods.  The  agree- 
ment between  the  results  of  tests  and  the  calculations 
have  been  good.  Local  conditions  affect  the  results  to  a 
certain  extent  but  with  the  tracks  well  bonded  and  with 
ordinaiy  leakage  conditions,  the  values  can  be  approxi- 
mately stated  and  are  as  follows : — 

Single  track  —  rail  current  =  40  per  cent  of  trolley 
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RAIL   CURRENT   OF   SINGLE   TRACK   ROAD 


-  rail  current  =  60  per  cent  of  trolley 
rail  current  =r  70  per  cent  of  trolley 


Doulile  track 
current. 

Four   track  — 
current. 

The  above  values  are  such  as  would  be  measured 
in  the  middle  of  a  section  four  or  five  miles  long  or 
more.  For  shorter  sections,  or  for  positions  within  two 
miles  from  the  point  of  power  supply,  the  values  should 
be  higher.  The  results  of  some  of  the  first  tests 
made  on  single-phase  roads  for  the  determina- 
tion of  earth  and  rail  currents  are  shown  in  Fig.  1. 
The  tests  were  made  on  the  25  cycle,  single-phase  line  of 
the  Indianapolis  &  Cincinnati,  Traction  Co.  in  1906 
which  was  then  operating  from  Rushville  Ind.  to 
Indianapolis,  a  distance  of  40  miles.  For  the  tests,  cur- 
rent was  fed  by  trolley  from  the  power  house  at  Rush- 
ville to  various  points  where  the  trolle}'  was  connected 
tc  the  rails.  The  curves  show  how  little  effect  the 
length  of  feed  has  on  the  division  of  the  current  between 
rtils  and  earth.     Further  tests  of  a  similar  nature  were 
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made  later  on  other  roads,  notably  the  N.  Y.  N.  H.  & 
H.  R.  R.  which  confirmed  the  results  obtained  at  Rush- 
ville. 

With  the  value  of  rail  current  determined,  the  im- 
pedance of  the  trolley-rail  circuit  may  readily  be  calcu- 
lated. A  table  of  impedances  for  several  sizes  of  trolley 
wire  and  diiTerent  numbers  of  tracks  is  given  in  the 
appendix. 

TOTAL  IMPEDANCE  FROM   SUBSTATION  TO  LOAD 

The  vector  difference  of  potential  from  a  substation 
to  a  point  fed  by  a  single  trolley  from  that  substation 
is  obtained  by  multiplying  the  impedance  of  the  trolley- 
rail  circuit  by  the  current.  If  the  point  is  fed  from  two 
substations  between  which  two  or  more  trolley  wires 
run,  the  calculation  can  also  be  made  quite  simply.  If 
the  two  stations  are  at  the  same  potential  the  current  to 
the  load  will  divide  between  them  in  inverse  ratio  to 
the  distance  from  them  and  tlie  drop  will  be  m  I^  ^bc  =^ 
(j  —  m)  la  Zac-  If  the  two  substations  are  at  differ- 
ent potentials,  the  load  current  can  still  be  considered 
as  dividing  inversely  as  the  distance  to  the  stations  and, 
in  addition,  a  drop  will  be  added  due  to  circulating  cur- 
rent between  the  stations  caused  by  their  difference  of 


FIG.      2 — TWO      LOADS      ON 

SAME  SECTION  BETWEEN 

TWO  SUBSTATIONS 


^ 


KIC.      3— GENERATING      UNIT      WITH 

STEP-UP  TRANSFORMER  AND 

TRANSMISSION    LINE 

With     Step-down     transformers 
connected  to  trolley. 


potential.  This .  drop  is  proportional  to  the  distance 
from  the  substation.  The  potential  drop  from  a  to  c, 
Fig.  2,  due  to  the  difference  of  potential  between  a  and  b 
y  m  (£a  —  £b).  The  drop  due  to  the  load  I^  at  c  is 
as  above,  the  total  being  m  {E^  —  E^)  -\-  (i  —  m) 
/c  Zac.  For  a  second  load  d  in  the  same  section  distant 
m'  from  a  and  /  —  m'  from  b,  the  drop  from  a  to  c  be- 
comes m  (£a  —  -Eb)  -\-  [{i  —  m)  /e  +  (/  —  m')  U] 
Zac.     This  may  be  continued  for  any  number  of  loads. 

THE  EQUIVALENT  NETWORK  FOR  COMPLETE  SYSTEM 

The  foregoing  gives  the  electromotive  force  drops 
from  substations  to  loads.  The  drop  from  the  power 
house  to  the  low-tension  side  of  the  substations  can  also 
be  reduced  to  quite  a  simple  calculation  by  considering 
the  system,  high-tension,  low-tension  and  transformers, 
as  a  network.  Fig.  3  shows  such  a  simple  system,  com- 
prising a  generating  unit  P  with  a  step-up  transformer 
and  transmission  line  and  three  step-down  transformers 
stations  which  are  connected  to  the  trolley  on  the  low 
tension  side.  The  equivalent  network  is  shown  in  Fig. 
4-  Zf,  =  impedance  of  step-up  transformer  and  high- 
tension  line  as  far  as  i,  reduced  to  trolley  potential,  i.e., 
the  high  tension  impedance  divided  by  the  square  of  the 
step-down  transformer  ratios.  Z^,  Z„,  and  Z^  =  im- 
pedance of  transformers  i,  2  and  5  at  trolley  voltage. 
Za  and  Zb  =  the  impedance  of  transmission  line  from 


/  to  ^  and  from  .?  to  j  respectively,  reduced  to  trolley 
potential.  Z^  and  Z^  =  the  impedance  of  trolley-rail 
circuit  from  ^  to  5  and  from  j  to  d  respectively. 

Distribution  Currents — By  the  application  of  Kir- 
choff's  laws,  it  is  a  very  simple  matter  to  find  the  cur- 
rents which  will  flow  in  each  transformer  for  load  at 
any  one  on  the  low  tension  side.  A  chart  can  then  be 
prepared  as  shown  in  Fig.  5,  which  shows  the  proportion 
of  current  supplied  by  each  substation  to  a  load  ai  any 
point  on  the  line.  A  load  of  one  ampere  at  pouit  X 
will  be  fed  with  0.18  amperes  from  transformer  station 
/,  0.34  amperes  from  transformer  station  2,  and  0.48 
amperes  from  transformer  station  f.  A  study  of  the 
chart  shows  that  any  load,  such  as  that  at  X  may  be  re- 
[)laced  by  two  loads  at  the  adjacent  substations  inversely 
proportional  in  magnitude  to  the  distance  of  the  point  of 
application  of  the  load  from  them.  The  sum  of  the 
two  equivalent  loads  must  be  equal  to  the  original  load. 
Such  replacement  or  substitution  may  be  made  without 
affecting  the  transformer  loads,  and  therefore,  the  e.m.f. 
drops  to  the  low-tension  side  of  the  transformers  are 
unchanged. 

Self  and  Mutual  'Impedance — The  values  of  self 
and  mutual  impedance  which  will  determine  the  drops 
to  the  transformer  stations  can  be  calculated  from  the 


FIG.    4 — EOURALKNT    NETWORK    OF   SYSTEM    SHOWN    IN    FIG.    3 

above  data.     For  simplicity  these  impedances  are  desig- 
nated as  follows* : — 

Zi-,,  =  self   impedance   to  4  or  M.iltage  drop   from 
P  to  4  for  a  load  of  i  ampere  at  4. 
Z3-5,  Zrrs  =^  self  impedance  to  5  and  6  respectively. 

Zi-3  :=  mutnal  impedance  between  4  and  5  or  the 
voltage   drop   from   P   to   5   for   load   of    i 
ampere  at  4. 
Zs-i  :=  voltage   drop    from   /'   to  4    for   load   of    l 
ampere  at  5  =  Z,-.-,. 
Z,-e  ^=  Zr,-i  =  mutual  impedance  between  4  and  6. 
Zs-,,  =  Zo-r,  =  mutual  impedance  between  5  and  6. 

After  the  self  and  mutual  impedances  at  trans- 
former stations  or  other  tie-in  points  have  been  obtained, 
the  voltage  drops  to  the  lowr  tension  side  of  the  trans- 
formers can  be  calculated  for  any  fixed  distribution  of 
load.  The  equivalent  loads  at  substations  are  first 
found  for  each  individual  load  as  explained  above. 
These  loads  are  then  added  and  the  system  considered 
as  one,  with  loads  only  at  the  transformer  stations.  To 
obtain  the  voltage  drop  to  4,  for  example,  the  equivalent 
load  at  ./  is  multiplied  by  Z^^  the  equivalent  load 
;ii  5  hy  Zj  ,,  the  equivalent  load  at  6  by  Z^^.  The 
sum  of  the  three  results  gives  the  value  desired.  The 
r.ni. f.  drop  to  any  particular  load  may  then  be  obtained 
by  application  of  the  formula  given  in  an  earlier  para- 
graph on  the  trolley-rail  impedance. 


*The  simple  and  direct  method  by  which  these  values  may 
be  obtained  is  illustrated  in  the  appendix.  The  general  features 
of  the  scheme  have  been  described  by  R.  D.  Evans  in  the 
Klectric  Journal  of  Aug.  1919,  and  a  mathematical  proof  of 
ihe  reciprocal  relation  is  given  by  C.  L.  l-'ortescue  in  the  same 
i^suc. 
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System  Fed  from  Two  Sources  of  Power — A  spe- 
cial case  occurs  when  power  is  fed  from  two  points. 
If  the  amount  of  current  fed  from  the  second  point  is 
known,  it  may  be  considered  simply  as  a  negative  load 
and  calculations  are  made  in  exactly  the  same  way  as 
for  positive  loads.  If  the  amount  of  current  fed  from 
the  second  source  is  not  known,  it  can  be  calculated  by 
algebraic  methods  quite  simply  by  considering  it  as  an 
unknown  negative  load  which  maintains  the  voltage  at 
its  point  of  feeding,  to  the  value  for  which  the  second 
scurce  regulates. 

Short-Circuit  Currents — As  the  question  of  short- 
circuit  currents  will  come  up  later  when  inductive  in- 
terference is  discussed,  the  methods  for  determining 
them  will  be  briefly  stated.  The  self  impedance  of  the 
point  on  the  system  at  which  the  short-circuit  occurs  de- 
termines the  current,  when  the  voltage  and  the  imped- 
ance of  the  power  plant  are  known.  Any  interna!  im- 
pedance in  the  power  plant  is  added  to  the  self  imped- 
ance of  the  point  of  short-circuit  and  the  generated  volt- 
age divided  by  this  value  gives  the  symmetrical  r.m.s. 
value  of  the  current. 
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generally  an  allG\vat)le  assumption,  the  work  is  much 
simplified. 

A  special  case  of  network  is  presented  by  the  three 
wire  distribution  as  applied  to  the  N.  Y.  N.  II.  & 
11.  R.  R.  electrification.  This  system  utilizes  the  trolley 
hne  as  one  side  and  the  feeder  line  as  the  other  side  of  a 
22  ooo  volt,  single-phase  transmission.  Each  line  is 
1 1  ooo  volts  above  the  rail  or  ground  potential  and 
balancer  or  auto-transformers  are  connected  at  intervals 
between  the  trolley  and  feeder  with  the  middle  points 
connected  to  the  rail,  as  shown  ?n  Fig.  6.  The  calcula- 
tions for  distribution  of  current,  regulation,  etc.,  are 
made  in  a  manner  similar  to  that  for  the  plain  two-wire 
system.  In  fact,  an  equivalent  network  exactly  like  that 
for  the  two-wire  can  be  constructed  and  used  for  cur- 
rent distribution  calculations.  Impedance  calculations 
to  the  low-tension  sides  of  the  transformers  involve  a 
little  more  work,  as  the  mutual  impedance  between  the 
trolley-track  and  the  feeder-track  circuits  must  be  con- 
ridered.  Calculations  of  the  voltage  drop  in  the  trolley- 
rail  circuit  of  any  single  section  is  made  in  exactly  the 
same  manner  as  that  for  the  two-wire  system.  In  the 
appendix  will  be  found  a  brief  calculation  showint^  the 
construction  of  the  network. 

INDUCTIVE  INTERFERENCE 

Two  electric  circuits  paralleling  each  other  have  an 
effect  one  ujion  the  other,  due  to  the  potential  of  and  the 


'•I'^-    .S — I'HOI'ORTION   OF  CURRENT  SUPPLIED  liY  EACH   SUBSTATION   TO 
A    LOAD   AT  ANY   POINT  ON   THE   LINE 

In  case  there  are  two  or  more  sources  of  feed,  the 
calculations  are  a  little  more  involved,  but  when  the 
second  source  of  power  is  considered  as  a  negative  load 
the    calculation    is    somewhat    simplified.       Only    the 
formulae  will  be  given  here  and  the  mathematical  proof 
and  an  example  will  be  found  in  appendix  A. 
h  =  the  current  in  the  short  circuit  at  A', 
_  g„  (/...  -I-  Z.i  -  /.,.  {/■„  -  /u) 
Z..  {/.„  -f-  Z,)  -  z-„ 
I,  =  the  current  from  secondary  source  of  power, 
_  E,.Z,,  -  Z..  {/■:,.  -  A.) 
-    Z,.  (Z„  +  Z,)  -  z-w 

Where  E„  and  £„  are  the  generated  voltages  at  the 
main  and  second  sources  of  power  respectively,  Z,  = 
the  impedance  of  the  second  source  of  power,  Zss  = 
self-impedance  to  the  point  of  application  of  second 
source  of  power,  Z„  =  self-impedance  to  point  of  short 
circuit  and  Zs,  =  mutual  impedance  between  point  of 
application  of  second  source  of  power  and  point  of 
short-circuit. 

Formulae  for  obtaining  the  short-circuit  current  for 
any  number  of  power  stations  can  be  worked  out,  al- 
though for  more  than  two  there  is  considerable  compli- 
cation. If,  however,  the  generated  voltages  at  the 
power  stations  are  taken  as  equal  to  each  other,  which  is 


Fin.   6 — AUTO- TRANSFORMERS 
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FIG.   7 — EQUALIZER  TRANS- 
FORMERS   CONNECTED   BETWEEN 
TROLLEY    AND    FEEDER 


current  carried  by  the  wires.  A  voltage  on  the  wires 
of  one  circuit  will  induce  a  voltage  on  the  wires  of  the 
other  circuit.  A  change  in  the  current  flowing  in  one 
circuit  will  induce  through  the  changing  electro-mag- 
netic field  a  voltage  in  the  second  circuit.  The  induced 
voltage  from  either  cause  is  dependent  upon  the  rela- 
tive positions  of  the  circuits.  For  a  given  position  the 
electrostatically  induced  voltage  is  proportional  to  the 
I  otential  of  the  inducing  circuit  and  the  electromag- 
netically  induced  voltage  is  proportional  to  the  rate  of 
change  of  current  in  the  inducing  circuit,  or  for  alter- 
nating-current of  a  given  frequency  is  proportional  to 
the  magnitude  of  the  current. 

Electrostatic  Induction — A  railway  circuit  consist- 
ing of  a  trolley  wire  and  return  In  rails,  earth  or  ground 
feeder  and  a  parallel  telegraph  or  telephone  circuit  con- 
sisting of  a  wire  with  earth  or  wire  return  present  a  case 
V.  ith  possibility  of  induction  from  the  causes  mentioned. 
Considered  in  regard  to  the  electric  induction,  a  trolley 
wire  is  a  conductor  at  a  potential  above  ground  with  an 
electrostatic  capacity  to  ground.  The  trolley  wire  also 
has  a  capacity  to  a  paralleling  telegraph  or  telephone 
wire  which  in  turn  has  a  capacity  to  ground.  If  the 
telephone   wire   were   perfectly   insulated   from   ground 
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the  potential  would  rise  to  a  value  determined  by  the 
relative  capacity  of  the  wire  to  the  trolley  Wwe.  and  to 
earth.  If  the  telephone  wire  is  connected  to  ground 
either  directly  or  through  other  apparatus,  it  will  act 
as  one  plate  of  a  condenser,  the  trolley  wire  being  the 
other  plate.  Charging  current  will  then  flow  from 
ground  into  the  telephone  wire,  which  will  be  propor- 
tional in  magnitude  to  the  capacities  between  it  and  the 
trolley  wire.  That  interference  from  this  cause  is  not 
probable  is  shown  by  experience  on  alternating-current 
railways  which  have  been  installed.  Generally  there  is 
more  than  one  wire  on  a  telegraph  or  telephone  pole 
line  and  the  charging  current  is  divided  among  these 
wires  so  that  the  amount  in  any  one  is  insignificant.  If 
one  wire  should  be  entirely  insulated  from  the  ground 
the  others  which  are  grounded  cause  its  capacity  to 
ground  to  be  so  much  in  excess  of  its  capacity  to  the 
trolley  wire  that  a  high  voltage  is  improbable. 

Electromagnetic  Induction — In  working  with  the 
problem  of  electromagnetic  induction,  the  trolley  wire 
and  its  return  may  be  considered  as  the  primary  v.'ind- 
ing  of  a  large  air-core  transformer,  the  telegraph  or  tele- 
phone wire  and  its  return  being  the  secondary  winding.* 
The  induced  electromotive  force  in  a  wire  paralleling  a 
circuit  carrying  current  is  proportional  to  the  logarithm 
of  the  ratio  of  the  distances  between  the  wire  and  the 
two  sides  of  the  power  circuit.  If  a  telephone  circuit 
is  being  considered,  in  which  case  there  are  two  wires  in 
which  voltage  is  induced,  the  e.m.f.  may  be  calculated 
for  each,  and  the  difference  will  be  the  voltage  which 
will  appear  in  the  circuit.  Such  resultant  induced  volt- 
age is  caused  by  "transverse"  induction  or  is  due  to  the 
magnetic  field  between  the  two  wires.  The  voltage  cal- 
culated for  a  single  wire  is  that  which  appears  bet'ii'een 
the  wire  and  the  return  at  infinite  distance,  at  vv^hich 
position  the  ground  return  can  be  assumed,  and  is  caused 
by  the  magnetic  flux  linking  with  such  a  circuit,  or  the 
"longitudinal"  induction.  If  the  wire  is  grounded  at 
one  end,  the  calculated  voltage  will  appear  between  the 
other  end  and  ground.  If  it  is  not  grounded  at  all  and 
is  uniformly  insulated,  the  middle  of  the  line  will  be  at 
ground  potential,  and  each  end  at  one-half  the  calculated 
voltage  from  ground — one  end  being  positive  and  the 
other  negative.  If  the  wire  is  grounded  at  both  ends 
a  current  will  flow  through  it  proportional  to  the  volt- 
age and  inversely  proportional  to  the  impedance  of  the 
circuit. 

The  transverse  field  can  be  made  very  small  by  so 
transposing  the  two  wires  of  the  telephone  circuit  as  to 
cause  them  to  have  the  same  average  position  with  re- 
spect to  the  inducing  source.  Perfect  transposition, 
such  as  obtained  by  twisted  pair  or  cable  circuits,  re- 
duces the  transverse  induction  to  zero.  The  longi- 
tudinal induction,  however,  cannot  be  reduced  by  trans- 
position of  the  telephone  wires.  This  induction  is  the 
cause  of  voltages  between  the  telephone  line  and  ground 
and   those   appearing   in    grounded    telegraph    circuits. 


*Griswold  &  Mastick,  A. 
P-  1339- 


/.  E.  E.  Proceedings,  Sept.   1916, 


Longitudinal  electromagnetic  induction  froin  transmis- 
sion lines  can  be  neutralized  by  transposition  of  the 
power  wires.  Transmission  lines  for  railway  circuits 
are  no  different  in  this  respect  from  power  lines  used 
for  general  power  transmission.  Induction  arising 
from  the  current  flow  in  single  phase  trolley  and  rail 
circuits,  however,  presents  a  different  situation  on  ac- 
count of  the  impossibility  of  transposition  of  the  two 
bides  of  the  power  circuit.  The  magnitude  of  the  elec- 
tromagnetically  induced  voltage  can  assume  rather  large 
proportions  with  such  a  circuit,  as  compared  with  even 
an  untransposed  power  circuit  of  ordinary  dimensions, 
because  of  the  distance  between  the  two  conductors, 
the  trolley  wire  on  one  side  and  the  return  circuit  made 
up  of  rails  and  earth  on  the  other  side. 

Position  of  Earth  Current — If  all  current  return? 
by  rail  the  induced  voltage  at  25   cycles  per  mile  per 

'ampere  is  0.116  log-rj,,  where  D  and  D'  are  the  dis- 
tances of  the  trolley  and  rail  respectively  from  the  tele- 
graph wire.  It  is  easily  seen  that  at  a  distance  of  a 
few  hundred  feet  D  and  D'  would  become  practically 
equal  and  the  value  of  the  voltage,  therefore,  would  ba 
zero.     If  part  of  the  return  current  flows  in  the  <r,",rth 

the  induced  voltage  becomes  0.116  L  log  -p,,^  0.116  I^ 

log-yy  where  It  and  le  are  the  track  and  earth  currents 
and  D"  the  distance  between  the  telegraph  wire  and 
the  path  of  the  earth  current.  This  latter  is  an  un- 
known quantity  and  can  only  be  estimated.  Tests  made 
i-.i  various  places  have  given  quite  different  results.  The 
determination  of  the  eft'ective  position  of  the  current  for 
any  given  case  is  quite  easily  made,  providing  measure- 
ments have  been  obtained  of  the  values  of  A,  /«,  D  and 
D'.  On  the  single  track  line  of  the  Indianapolis  &  Cin- 
cinnati Traction  Company,  tests  and  calculations  showed 
tlie  eft'ective  position  of  the  earth  current  to  be  about 
400  feet  below  the  surface.  On  the  N.  Y.  N.  H.  & 
H.  R.  R.  and  on  the  Pennsylvania  Railroad,  which  are 
four-track  roads,  the  effective  position  of  the  current 
cit  calculated  from  the  inductive  effects  is  5000  feet  be- 
low the  surface.  Tests  on  the  N.  &  W.  R.  R.,  a  two- 
track  road,  agreed  more  nearly  with  I.  &  C.  Traction 
Co.  results,  btit  these  tests  were  not  as  extensively 
carried  out  as  at  the  other  places. 

There  is  another  method  of  obtaining  the  effective 
position  of  the  earth  current  which  does  not  involve 
telegraph  line  voltage  measurements.  This  uses  the  dis- 
tribution of  current  between  the  earth  and  track  in 
connection  with  the  known  characteristics  of  the  track 
circuit.  Assuming  that  the  earth  current  is  distributed 
uniformly  in  a  C3'lindrical  conductor  tangent  to  the  sur- 
face at  the  tracks  and  having  zero  resistance,  the  re- 
actance may  be  calculated,  and  from  the  reactance  the 
diameter  of  the  conductor  may  be  deducted.  Calcula- 
tions of  this  kind  have-  shown  the  effective  center  of 
the  earth  current  to  be  from  200  to  600  feet  belovv-  the 
surface. 

While  many  of  the  calculations  seem  to  favor  a 
position  of  earth  current  about  500  ft.  below  the  sur- 
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face,  it  is  not  considered  that  this  value  is  a  safe  one 
lo  use  in  calculating  the  induced  voltages  in  communi- 
cation circuits  when  laying  out  a  system.  It  is  proDable 
that  the  earth  current  is  not  uniformly  distributed  and 
possibly  it  does  not  penetrate  into  the  earth  to  any  great 
distance,  but  is  spread  out  in  a  layer  a  few  feet  or  a 
few  hundreds  of  feet  thick  and  a  mile  or  so  wide.  Up 
to  the  present  no  single  method  for  calculating  the  posi- 
tion of  the  current  has  proven  itself  correct  for  even 
the  few  cases  for  which  tests  have  been  made.  It  is 
recommended  therefore  that  on  new  projects  where  it 
i;-  impossible  to  obtain  actual  measurement  of  induced 
voltage  per  ampere,  the  value  of  5000  feet  be  used,  as 
it  will  probably  give  results  within  a  reasonable  degree 
of  accuracy  and  at  least  will  err  on  the  safe  side.  For 
calculating  induction  in  conductors  placed  within  50  ft. 
of  the  trolley  it  is  safe  to  use  a  lower  value,  say  1000  ft. 
for  the  depth  of  the  current. 

Total  Value  of  Induced  Voltage — When  the  in- 
duced voltage  per  ampere  is  known  for  each  section 
of  the  line  it  is  an  easy  matter  to  calculate  the  total 
voltage  for  any  given  load  conditions,  by  calculating;  the 
voltage  for  each  part  of  the  line  in  which  the  current  is 
uniform  and  adding  or  subtracting  the  voltages  of 
these  sections  according  to  the  flow  of  current.  It  will 
be  noticed  at  once  that  in  a  layout  such  as  shown  in 
Fig.  2,  there  will  be  a  neutraliziug  action  for  any  load 
between  transformer  stations,  as  current  will  flow  in 
opposite  directions  on  either  sidt;  of  the  load.  A  stub 
end  feed  in  which  all  the  current  c.tmes  from  one  direc- 
tion is  much  more  severe  for  irJuction.  If  a  load  is 
at  one  end  of  the  network,  however,  there  is  the  condi- 
tion of  feed  in  one  direction  from  all  substations  except 
the  one  at  which  the  load  i.i  applied.  It  is  necessary 
to  keep  such  through  feed  currents  to  a  minimum  in 
order  to  restrict  induced  voltages  to  a  low  value. 

The  limiting  condition  for  induction  is  generally 
not  the  normal  load  condition,  which  can  usually  be 
kept  so  distributed  in  a  system  led  by  several  trans- 
former stations,  as  to  cause  a  good  deal  of  neutralizing 
action.  Short  circuit  conditions,  however,  always  have 
the  effect  of  concentrated  loads,  and  if  the  short-circuit 
occurs  at  the  end  of  a  system  the  through  feed  is  most 
harmful. 

EFFECTS    OF    INDUCTION    IN    TELEGRAPH    AND 
TELEPHONE  LINES 

Telegraph  Lmes—The.  effects  of  the  induction  can 
be  stated  quite  simply  for  telegraph  lines.  If  the  in- 
duced voltage  rises  above  certain  rather  definite  values, 
the  telegraph  instruments  chatter  and  cannot  be  used, 
r.  has  been  found  experimentally  that  ordinary  simple 
Morse  circuits  can  stand  a  voltage  of  about  40  percent 
of  the  amount  of  direct-current  battery  used.  Duplex 
circuits  can  stand  about  80  percent,  while  quadruplex  is 
more  sensitive  and  can  stand  only  15  or  20  percent  of 
the  direct-current  battery  potential  under  fair  operating 
conditions.  Short-circuits  are  generally  not  as  serious 
a?  continued  loads,  as  the  disturbance  passes  quickly 


ai.d  repetition  of  a  word  or  two  of  the  message  is 
usually  the  only  inconvenience  caused.  There  is  a 
possibility  of  cases,  however,  where  such  a  disturbance 
would  simply  distort  the  signals  so  as  to  allow  a  wrong 
interpretation  of  the  message.  So  far  as  is  known 
there  have  never  been  any  cases  of  the  kind  detected. 

Telephone  Lines — The  effects  in  telephone  lines  on 
the  other  hand  are  most  seriously  felt  during  .-tiort- 
circuit  conditions.  Metallic  telephone  circuits  are  pro- 
tected at  the  ends  by  carbon  block  protector  gaps  be- 
tween each  wire  and  ground,  these  gaps  being  designed 
for  a  breakdown  of  400  volts  or  thereabouts,  but  main- 
tained in  certain  instances  to  stand  a  2CX3  volt  direct- 
current  test.  Unless  these  break  down  or  other  grounds 
occur  on  the  lines,  telephones  are  seldom  disturbed  by 
H  duction  from  single-phase  railway  currents  as  they 
are  two-wire  circuits  and  usually  transposed  and  bal- 
anced sufficiently  to  keep  noise  from  the  operation  of 
trains  to  a  permissible  value.  Cable  lines  are  par- 
ticularly good  in  this  respect,  whereas  open  wire  lines 
are  more  susceptible  to  trouble.  If  the  two  wires  ot  the 
telephone  circuit  are  not  so  transposed  as  to  give  equal 
induced  voltages  in  them,  noise  will  result,  also  even 
if  the  wires  are  well  transposed  there  is  liability  of 
noise  due  to  unbalance  in  capacity  or  leakage  resistance 
to  earth.  The  noise  is  not  caused  directly  by  25  cycle 
current  but  by  ripples  on  the  main  frequency  wave 
which  are  present  in  the  trolley  current.  Most  of  the 
telephone  troubles  have  been  found  to  result  from  a 
breakdown  of  the  protector  gaps.  Such  breakdown  is 
dependent  upon  the  magnitude  of  the  induced  potential 
under  the  short-circuit  conditions,  which  depends  uj'on 
Ihe  absolute  rate  of  change  of  railway  current  flow. 

Among  the  troubles  caused  by  gap  breakdown,  the 
principal  ones  are  bell-ringing,  loading  coil  trouble,  and 
acoustic  shock.  If  the  gap  fails  there  is  the  danger 
of  cable  or  exchange  wiring  insulation  breakdown  and 
of  electrical  shock,  although  there  are  no  instances  of 
this  on  record  for  lines  subject  to  railway  induction. 
If  the  insulation  on  the  board  breaks  down  there  is 
added  a  fire  hazard.  There  is  also  a  fire  hazard  due  to 
voltage  which  does  not  approach  the  breakdown  value 
of  the  protector  gap  providing  such  voltages  are  sus- 
tained for  several  seconds  or  minutes.  Sustained  volt- 
ages will  be  found  during  train  operation,  but  generally 
speaking,  if  the  voltages  occurring  during  short-circuit 
are  not  high  enough  to  cause  hazard  from  the  causes 
mentioned  above,  the  normal  sustained  operating  voltage 
will  not  be  high  enough  to  cause  fire  hazard.  The  vari- 
ous troubles  should  probably  be  explained  more  fully. 

Bell  Ringing — This  is  simply  a  ringing  of  the  sub- 
scribers' bell  or  the  operating  of  the  drop  at  the  central 
office  which,  while  not  of  a  very  serious  nature,  is  an 
annoyance  which  should  be  reduced  to  a  minimum. 

Loading  Coil  Trouble — This  will  occur  in  loaded 
trunk  lines.  The  two  wires  of  the  telephone  line  pass 
through  the  loading  coil  windings  and  if  the  protector 
gap  on  one  line  breaks  down,  more  current  will  flow 
through  one  winding  than  through  the  other,  sometimes 
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permanently  changing  the  permeabihty  of  the  iron  and 
rendering  the  coil  inefficient.  This  effect  is  produced 
by  the  magnitude  of  the  current,  independent  of  its  fre- 
quency. 

Acoustic  Shock — This  is  caused  by  loud  noise  in 
the  receiver  in  case  a  gap  breaks  down  with  any  h^^avy 
aischarge  following.  It  is  experienced  chiefly  by  op- 
erators and  is  considered  a  serious  condition. 

Electrical  Shock — Operators  and  switchboard  or 
line  repairmen  will  be  subject  to  this  hazard. 

Fire  Hazard — Any  breakdown  of  insulation  on  the 
board  or  in  the  exchange  wiring  is  liable  to  cause  fire, 
provided  enough  current  flows.  Telephone  engineers 
have  stated  that  a  breakdown  of  insulation  at  200  volts 
with  one-half  ampere  flowing  for  two  seconds  is  con- 
sidered as  a  possible  cause  of  fire. 

With  the  above  points  in  view  it  can  be  said  that 
if  the  maximum  induced  voltage  for  a  period  of  two 
seconds  is  not  over  200  volts  the  chances  for 'trouble  in 
the  telephone  circuits  would  be  very  small.  For  a 
Icnger  time,  covering  several  minutes,  an  induced  volt- 
age in  the  neighborhood  of  100  volts  or  less  is  probably 
safe  and  for  a  shorter  time  than  two  seconds  it  v/culd 
appear  that  higher  voltages  than  200  can  be  tolerated. 
In  many  cases  voltages  of  several  times  200  volts  have 
been  induced  with  no  bad  results  aside  from  bell-ringing 
even  when  continued  for  one  or  two  seconds.  Just 
where  the  safe  limit  of  voltage  is  for  a  duration  of  lime 
represented  by  a  short  circuit  (less  than  one-half  sec- 
ond) cannot  be  stated.  For  equal  fire  hazard  the  al- 
lowable voltage  should  increase  inversely  as  the  square 
root  of  the  time.  None  of  the  above  limits  can  be  con- 
sidered as  hard  and  fast,  but  represent  opinions  gained 
after  a  study  of  the  records  of  telephone  disturbances 
and  general  conditions  obtaining  in  the  communication 
circuits. 

SYSTEMS  OF  FEED  WHICH  TEND  TO  REDUCE  DISTURBANCE 

In  laying  out  the  transmission  line  and  transformer 
stations  very  much  can  be  done  which  will  tend  to  make 
the  system  harmless  as  far  as  telephone  induction  is  con- 
cerned. Some  of  the  points  which  can  well  be  con- 
sidered have  already  been  suggested. 

Location  of  Transformer  Stations — Probably  the 
most  harmful  railway  system  from  the  viewpoint  of  the 
telephone  or  telegraph  engineer  is  one  in  which  the 
trolley  is  fed  for  several  miles  from  one  end  only.  If 
any  telegraph  or  telephone  lines  parallel  such  a  system, 
they  are  pretty  certain  to  be  disturbed.  Feeding  by  a 
transformer  station  at  the  end  opposite  from  the  first 
feed-in  point  will  reduce  induced  voltages  to  about  30 
percent  and  sometimes  to  considerably  less  than  this.  A 
liberal  use  of  transformer  stations  is  one  of  the  best 
cures  for  the  induction  evil.  The  characteristics  of 
transformer  stations,  the  impedance  of  the  trolley-rail 
circuit,  the  transmission  line  impedance,  all  can  be  ad- 
justed so  as  to  reduce  the  through  feed  factor,  and  the 
impedance  of  step-up  transformers  can  also  be  varied 
to  advantage.     Each  particular  case  must  be  treated  in- 


dividually and  no  set  rule  can  be  given  to  eliminate  in- 
ductive troubles.  In  ..general  through  feed  is  reduced 
by  increasing  the  trolley-rail  impedance  and  decreasing 
the  impedance  of  step-down  transformers  and  trans- 
mission lines.  The  trolley-rail  impedance  is  determined 
by  the  size  of  the  trolley  wire,  which  in  turn  should  be 
determined  by  the  carrying  capacity  of  the  wire.  This 
will  give  the  highest  impedance  permissible  for  the 
trolley-rail  circuit.  Step-down  transformers  should 
then  be  made  of  as  low  reactance  as  is  compatible  with 
cost  and  the  transmission  line  impedance  kept  low  in 
comparison  with  that  of  the  trolley-rail.  With  these 
factors  determined  and  the  regulation  desired  fixed, 
whatever  reactance  is  still  allowable  should  be  put  in  the 
step-up  transformers  and  generators  so  that  short  cir- 
cuit currents  will  be  as  small  as  possible. 

Sectionalised  System — In  cases  where  telephone 
Vvire  exposure  is  very  severe  and  through  feed  condi- 
tions must  be  reduced  beyond  the  amount  given  by  the 
above  methods,  good  results  can  be  obtained  by  section- 
alizing  the  transformer  stations,  i.e.  using  two  trans- 
formers at  each  station  with  the  high-tension  .sides 
paralleled,  but  with  the  low-tension  sides  separate,  one 
transformer  feeding  each  direction.  This  impairs  the 
regulation  of  the  system  somewhat,  unless  the  load  is 
well  distributed. 

If  these  points  are  carefully  considered  in  1-iying 
out  the  system,  it  will  be  found  that  the  addition  of 
any  special  devices,  such  as  will  be  spoken  of  later, 
may  be  in  a  large  measure,  if  not  altogether,  obviated. 

Three-Wire  System — The  three-wire  scheme  ?.s  ap- 
plied on  the  N.  Y.  N.  H.  &  H.  R.  R.  is  a  special  form 
of  multiple  transformer  station  system.  This  system 
has  all  the  advantages  of  the  plain  two-wire  system 
which  has  been  mentioned  above,  with  the  added  advan- 
tage of  using  autotransformers  which, for  equal  capacity, 
are  smaller  than  two  coil  transformers,  and  of  using  the 
copper  trolley  as  part  of  the  transmission  circuit. 
Transformer  stations  can,  therefore,  be  placed  a  little 
closer  together  for  the  same  cost,  and  induction  will  be 
reduced  if  this  is  done.  The  transmission  voltage  is 
limited,  however,  to  a  value  of  double  the  trolley  volt- 
age. The  calculation  of  the  induction  in  telephone  and 
telegraph  lines  is  made  in  exactly  the  same  way  as  de- 
s'^ribed  for  the  simple  two-wire  system. 

Sectionalized  Three-Wire  System — Several  schemes 
for  the  sectionalizing  of  a  three-wire  system  at  the 
tiansformer  stations  have  been  worked  out.  Some  of 
them  have  been  tried  in  the  laboratory  with  very  good 
results,  but  none  have  been  applied  in  practice.  The 
simplest  of  these  schemes  is  shown  in  Fig.  7.  Equalizer 
transformers  with  one  to  one  ratio  are  connected  be- 
tween trolley  and  feeder  lines  at  the  transformer  sta- 
tions so  that  the  current  in  the  trolley  and  feeder  wind- 
ings must  be  equal.  The  equalizer  must  have  a  current 
capacity  equal  to  the  total  line  current  at  the  point  at 
which  it  is  installed  and  a  voltage  rating  equal  to  the 
p.m.f.  drop  in  the  autotransformers  at  the  station  where 
it   is   installed.     If   short-circuits   are   to  be   cared   for 
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wiihout  any  through  feed  this  means  an  equahzer  irans- 
former  rating  of  full  trolley  voltage  (ii  ooo  volts)  but 
if  a  small  amount  of  through  feea  is  permissible  under 
severest  short-circuit  conditions,  a  lower  rating  ca.i  be 
used. 

SrECIAL  DEVICES   EOK   IxNTRODUCTION    INTO    R^MLWAY 
CIRCUITS   TO  REDUCE   INDUCTION 

What  has  been  said  covers  generally  the  whole  sys- 
tem of  distribution  on  the  railroad.  There  are,  how- 
ever, certain  minor  changes  which  can  be  made  which 
have  the  effect  of  reducing  induction.  The  object  of 
such  devices  is  to  reduce  the  earth  current. 

Ground  Feeders — Overhead  return  feeders  will  al- 
low a  portion  of  the  return  current  to  flow  in  them  and 
so  reduce  the  rail  and  earth  currents.  Calculations  have 
been  made  which  indicate  that  the  induction  may  be 
reduced  in  the  neighborhood  of  30  to  50  percent  by  us- 
ing a  4/0  wire  as  return  feeder,  paralleling  each  pair 
of  rails,  if  the  feeder  is  placed  within  a  few  feet  of  the 
trolley  wire. 

If  a  return  feeder  is  placed  close  to  the  disturbed 
telegraph  or  telephone  line,  the  reduction  in,  induced 
voltage  for  that  particular  line  is  greater.  The  current 
carried  by  such  a  feeder  will  depend  upon  the  vckage 
impressed  upon  it  and  its  impedance.  If  the  feeder  cir- 
cuit impedance  were  entirely  reactance,  the  current  fiow 
would  be  of  the  correct  phase  and  approximate  amount 
to  neutralize  the  voltage  appearing  in  the  telephone  line, 
with  the  feeder  wire  simply  connected  to  earth.  But 
even  if  the  wires  were  large,  the  resistance  of  ground 
connections  would  be  so  high,  ordinarily,  that  the  cur- 
rent would  be  too  small  for  anything  like  complete  neu- 
tralization. Connection  to  the  rails  gives  a  circuit  of 
lower  impedance.  In  order  to  get  a  current  in  the 
feeder  of  the  desired  amplitude  and  phase,  however,  it 
is  necessary  to  use  some  such  device  as  a  booster  trans- 
former between  it  and  the  trolley  wire.  With  such  an 
arrangement,  distribution  of  the  transformers  and  con- 
ditions which  might  cause  saturation  must  be  carefully 
considered,  as  brought  out  in  the  following  paragraphs 
on  track  and  feeder  boosters.  This  scheme  has  never 
been  applied  on  account  of  the  many  practical  difficulties 
against  it. 

Booster  Transformers — The  device  which  has  been 
used  more  than  any  other  for  accomplishing  the  reduc- 
tion of  induced  voltage  is  the  booster  transformer  for 
track  or  for  a  feeder  close  to  the  trolley  wire.  This  is 
a  transformer  whose  primary  winding  is  connected  in 
series  with  the  trolley  circuit  and  whose  secondary  is 
connected  in  series  either  with  the  track  or  a  return 
feeder,  the  primary  and  secondary  ratio  being  approxi- 
mately one  to  one.  The  use  of  a  return  feeder  over- 
head in  connection  with  booster  transformers  is  objec- 
tionable first  from  the  standpoint  of  cost.  The  feeders 
are  used  instead  of  the  track  for  the  return  path  for  the 
current,  and  in  order  to  keep  the  regulation  of  the  line 
within  reasonable  limits  they  must  be  of  large  section. 
Two  TOO  lb.  rails  have  a  resistance  to  25  cycles  of  ap- 


pro.ximatel}-  0.08  ohms  per  mile,  which  is  equivalent  to 
about  three  4/0  copper  wires.  Smaller  feeders,  of 
course,  may  be  used  at  the  expense  of  regulation  and 
an  increased  size  of  the  booster  transformers.  The 
voltage  rating  of  the  transformer  must  be  the  voltage 
drop  in  the  section  of  feeder  to  which  it  is  connected. 
The  advantage  of  the  use  of  the  return  feeder  i^uther 
than  the  track,  lies  in  the  greater  reduction  of  induced 
voltage  in  telegraph  and  telephone  lines  running  very 
close  to  the  railroad.  The  use  of  booster  transformers 
connected  to  the  track  utilizes  the  low  impedance  re- 
turn circuit  which  the  rails  provide  and  saves  the  cost 
of  the  copper  feeders.  The  impedance  of  the  trolley- 
rail  circuit  is  increased  a  little  over  the  value  when  no 
boosters  are  used,  on  account  of  the  current  being  forced 
tr  return  entirely  by  rail,  and  on  account  of  the  im- 
pedances of  transformer  windings.  The  increase  is 
shown  in  the  tables  given  in  the  appendix. 

Booster  transformers,  when  of  sufficient  size  and 
used  in  sufficient  numbers,  give  very  good  results  in 
actual  service.  There  are  practical  limitations,  how- 
ever, both  as  to  size  and  number.  The  limitation  as  to 
size  appears  in  the  voltage  across  the  secondary.  This 
is  limited,  especially  in  the  case  of  the  track  booster, 
as  it  is  not  advisable  to  introduce  high  voltage  between 
two  adjacent  sections  of  track  either  under  normal  op- 
erating conditions  or  during  periods  of  short-circuit. 
The  maximum  voltage  allowable  under  short-circuit 
conditions  can  probably  be  taken  as  the  limiting  value. 
Once  this  is  set  the  number  of  transformers  necessary  is 
easily  determined  by  spacing  them  at  such  intervals  that 
the  maximum  voltage  drop  in  the  sections  of  track  will 
be  less  than  the  limiting  value  of  the  voltage.  It  will  be 
found  on  the  larger  electrifications  that  quite  a  close 
spacing  will  generally  be  necessary,  i.e.,  one,  two  or  even 
more  per  mile  being  required.  The  objection  to  close 
spacing  lies  in  the  number  of  insulating  joints  or  section 
breaks  in  the  trollev  or  track  to  be  installed  and  main- 
tained. With  a  return  feeder,  spacing  closer  than  a 
mile  apart  may  not  be  necessary  but  the  voltage  of  the 
individual  transformer  must  be  correspondingly  raised. 

When  transformers  are  not  installed  in  sufficient 
numbers  complications  result,  especially  under  short- 
circuit  conditions.  When  the  short-circuit  occurs  the 
transformer  iron  becomes  saturated  and  the  voltages 
across  them  take  on  a  decidedly  peaked  wave  shape 
which  is  hard  on  insulating  joints  and  on  short  '■ele- 
phone  lines  with  a  terminal  close  to  a  booster  trans- 
former. Moreover,  the  induced  voltages  in  all  telegraph 
and  telephone  lines  is  peaked  and  in  some  cases 
will  rise  to  values  considerably  in  excess  of  the 
values  which  it  would  attain  were  the  boosters  not 
in  the  circuit.  The  latter  phenomenon  is  due  to  the 
fact  that  with  boosters  there  is  always  a  residual 
current  in  the  earth,  this  current  being  the  mag- 
netizing current  of  the  transformer.  Under  satu- 
rated conditions  the  magnetizing  current  is  not  only 
large  but  is  of  distorted  wave  shape.  As  far  as  short- 
circuit  conditions  are  concerned  it  is  better  not  to  have 
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any  transformers  in  service  than  to  have  so  few  that 
saturation  will  occur.  Track  boosters  are  here  at 
somewhat  of  a  disadvantage  as  against  feeder  boosters, 
as  the  former  are  apt  to  be  short-circuited  by  trains 
on  the  tracks  at  insulating  joints  and  so  possibly  many 
of  them  would  be  out  of  commission  at  the  time  they  are 
most  needed. 

CONDITIONS  OF  RAILWAY   OPERATION 

It  is  possible  so  to  operate  a  well  laid  out  road,  as 
far  as  induction  is  concerned,  as  to  cause  severe  mduc- 
tive  effects  in  telephone  and  telegraph  lines  as  well  as 
to  give  poor  regulation.  A  few  simple  precautions, 
however,  if  observed,  will  generally  prevent  trouble 
from  these  causes. 

One  way  feed  to  a  load  gives  best  opportunity  for 
inductive  troubles  to  appear.  Therefore  the  circuit 
breakers  should  be  closed  on  both  ends  of  a  section  of 
trolley  on  which  there  is  any  considerable  load.  On  a 
rmltiple  transformer  station  system,  precautions  should 
be  taken  against  operation  with  an  end  station  out 
of  commission  and  with  considerable  load  in  the  end  sec- 
tion. This  condition  gives  a  stub  end  feed  on  all  tracks 
from  the  next  transformer  station.  Provision  should  be 
made  in  the  end  station  to  minimize  the  possibilitv  of 
such  operation  becoming  necessary.  If  circuit  breakers 
are  to  be  cut  out  for  inspection  or  repair,  such  work 
should  be  done  when  the  section  is  not  loaded,  or  .spare 
apparatus  should  be  available  so  that  the  feed  from  the 
end  station  will  not  be  interrupted. 

On  a  sectionalized  system,  it  is  necessary  to  see 
that  train  loads  do  not  get  spaced  so  that  they  are  cne 
substation  apart.  It  is  conceivable  that  such  a  condi- 
tion might  be  obtained,  although  it  is  unlikely.  If  al) 
the  trains  were  leaving  or  all  approaching  substations, 
in  relatively  the  same  positions,  under  such  a  condition, 
the  current  feed  in  the  trolley  would  in  effect  be  entirely 
in  one  direction  and  therefore  inductive  interference 
might  become  severe. 

Under  short-circuit  conditions,  the  circuit  breakers 
should  operate  quickly  as  well  as  selectively.  A  short- 
circuit  is  a  heavy  concentrated  load.  If  it  be  in  the 
middle  of  a  section  the  current  feeds  in  the  two  direc- 
tions and  will  tend  to  neutralize  their  individual  effects 
but  if  the  short-circuit  is  at  the  end  of  a  section — espe- 
cially in  the  case  of  an  end  section — the  inductive  effect 
can  become  very  high.  It  is  therefore  desirable  that  cir- 
cuit breakers  be  set  to  operate  so  quickly  that  the  in- 
duced voltage  will  not  last  long  enough  to  cause  trouble. 
High  speed  under  such  conditions  is  not  incompatible 
with  selective  action,  as  the  high  speed  is  necessary 
only  when  the  current  is  so  high  that  there  is  no  doubt 
that  the  circuit  breaker  is  feeding  directly  into  the 
short-circuited  section,  and  the  trip  can  be  set  to  oper- 
ate under  this  condition  irrespective  of  the  time  relay 
which  controls  it  under  lower  values  of  overload.  Thus 
selectivity  is  obtained  on  heavy  short-circuits  on  ac- 
count of  the  fact  that  only  circuit  breakers  feeding  di- 
rectly to  the  short-circuit  can  have  enough  current  to 


operate  the  trip  directly,  and  on  high  resistance  short- 
circuits  because  of  the  time  limit  relays. 

SPECIAL  DEVICES   FOR   INTRODUCTION   INTO   TELEPHONE 
AND  TELEGRAPH   LINES 

Certain  schemes  which  have  been  used  invoK-e  the 
introduction  of  apparatus  directly  into  telephone  or 
telegraph  lines  in  order  to  neutralize  the  induced  volt- 
age or  to  keep  it  from  causing  disturbance.  Much 
progress  has  been  made  along  this  line  and  several 
schemes  have  been  proposed,  many  of  which  have  been 
tried  out  experimentally,  and  found  satisfactory  up  to 
certain  limits,  and  there  are  others  which  have  actually 
been  put  into  regular  service. 

The  NeutraUzing  Transformer — First  among  these 
is  the  neutralizing  transformer.  It  was  proposed  for 
use  on  the  New  York,  New  Haven  &  Hartford  Rail- 
rfiad  before  the  electrical  operation  of  the  road  was 
begun  and  one  pole  line  in  the  worst  exposure  was 
equipped  in  time  to  take  care  of  the  heavy  induction 
\.hich  ensued  when  trains  began  to  operate.  Under 
normal  operating  conditions  the  induced  voltage  on  the 
telegraph  line  paralleling  the  road  frequently  rose  as 
high  as  one  thousand  volts,  yet  the  wires  were  worked 
as  usual  without  serious  interruption.  Other  lines  were 
kter  equipped  with  the  device. 

The  neutralizing  transformer  is  simply  a  multiple 
secondary,  one  to  one  ratio  (approximately)  trans- 
former, whose  primary  is  connected  into  circuit  with  a 
wire  running  among  the  wires  to  be  protected  and 
grounded  at  the  ends  of  the  electrification,  and  betv/een 
the  transformers  if  more  than  one  is  used.  Each  tele- 
graph wire  is  connected  to  a  separate  secondary  wind- 
ing so  that  the  voltage  of  the  windings  opposes  the  in- 
duced voltages  in  the  wire.  The  residual  voltage  in 
the  telegraph  or  telephone  lines  is  limited  by  the  resist- 
ance of  the  neutralizing  or  pilot  wire  and  the  magnetiz- 
ing current  in  the  transformer  and  under  normal  con- 
ditions is  equal  to  the  product  of  these  two.  The  ob- 
jection to  its  use  is  mainly  in  the  transmission  loss 
added  to  the  telegraph  or  telephone  line.  While  loss  in 
transmission  efficiency  is  not  great,  it  is  considered  ob- 
jectionable when  it  is  considered  what  extreme  meas- 
ures are  taken  by  telephone  companies  to  improve  the 
transmission  of  their  lines.  It  is  not  economical  v.-hen 
used  on  long  lines  when  the  induction  is  only  moderate 
in  amount.  On  the  N.  Y.,  N.  H.  &  H.  R.  R.  the 
amount  of  neutralization  obtained  on  the  main  telegraph 
pole  line  was  approximately  95  percent,  the  residual 
voltage  being  five  percent  of  the  total  induced  voltage. 

Increase  of  Resistance  of  Telegraph  Wires —  For 
induced  voltages  of  moderate  value  it  is  some+imes 
possible  to  insert  resistance  in  a  telegraph  circuit  and 
raise  the  direct-current  working  voltage  accordingly, 
so  that  the  ratio  of  induced  voltage  to  direct-current 
potential  does  not  exceed  the  allowable  amount.  Im- 
pedance added  also  tends  to  reduce  the  disturbance  al- 
though it  slows  up  .slightly  the  working  of  the  tele- 
graph circuit. 
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Resonant  Shunts  have  been  tried  and  are  now  be- 
ing used  in  several  telegraph  lines.  One  type  of  shunt 
consists  of  a  parallel  resonant  circuit  for  25  cycles,  and 
so  is  in  effect  a  very  high  resistance  to  this  frequency. 
For  direct  current,  however,  it  introduces  very  little 
resistance.  When  it  is  connected  in  series  with  the 
telegraph  instrument,  the  telegraph  current,  which  has 
a  relatively  steep  wave  front,  passes  through  the  con- 
denser at  the  beginning  of  the  signal,  and  the  sustain- 
ing or  the  following  current  flows  through  the  induc- 
tive reactance  with  a  small  voltage  drop  due  solely  to 
the  resistance  of  the  coil.  This  kind  of  a  shunt  may  be 
used  directly  in  a  Morse  circuit  or  in  the  relay  circuits 
of  a  duplex  or  composite  outfit 

A  circuit  in  series  resonance  for  25  cycles  can  be 
placed  in  parallel  with  the  telegraph  relay  and  such  an 
arrangement  will  cause  the  alternating  current  to  flow 
through  the  resonant  circuit  rather  than  through  the  re- 
lay. The  device  has  been  successfully  applied  and  has 
worked  well  with  an  induced  potential  ten  times  the 
maximum  allowable  without  protection. 

Variations  of  these  two  devices  constitute  most  of 
the  other  schemes  proposed  with  the  same  end  in  view. 
Some  of  these  schemes  have  been  experimented  with 
in  Europe  and  several  apparently  have  considerable 
merit.  Those  which  have  been  tested  in  telegraph  I'nes 
along  the  Pennsylvania  Railroad  Philadelphia-Paoli 
electrification  are  shown  in  appendix  P.. 

Telephone  Circuits — There  is  some  objection  to  the 
irterposition  of  corrective  devices  in  telephone  lines  on 
account  of  the  high  transmission  efficiency  which  must 
be  maintained  and  the  more  delicate  nature  of  telephone 
instruments  when  compared  with  telegraph  instruments. 
The  neutralizing  transformer  has  been  used  for  tele- 
phone circuits,  but  it  must  be  wound  with  each  second- 
ary composed  of  two  wires  wound  side  by  side  so  as 
to  prevent  the  introduction  of  impedance  directly  into 
the  talking  circuit.  While  they  are  more  expensive 
than  the  transformers  made  for  telegraph  circuits,  still 
the  principal  objection  to  their  use  is  the  loss  in  trans- 
nnssion  efficiency. 

Telephone  trunk  lines  have  been  operated  in  the 
neighborhood  of  railway  circuits  which  induce  poten- 
tials in  them,  with  reactance  coils  bridged  across  the 
telephone  line  with  the  middle  points  grounded.  With 
a  device  of  this  kind  at  each  end  of  the  trunk  circuit 
no  25  cycle  voltage  can  appear  on  the  switchboard,  but 
the  transmission  loss  again  appears  as  an  objection. 

The  main  safeguard  against  telephone  trouble 
seems  to  be  in  the  maintenance  of  the  line  in  good  con- 
dition and  depending  upon  the  protector  gaps  to  remove 
hazardous  potentials. 

Lead  Covered  Cables — The  use  of  lead  covered 
cables  for  either  telephone  or  telegraph  lines  has  an 
advantage  besides  the  easier  maintenance,  in  that  th& 
lead  sheath  acts  as  a  return  feeder  close  to  the  telephone 
wires.  There  are  objections  to  connecting  the  lead 
sheath  to  the  rails  and  so  the  full  value  of  the  return 
15  not  felt,  but  experience  indicates  that  the  lead  sheath 


on  a  large  cable  reduces  the  induction  by  about  10  to 
30  percent. 

Insulaling  Transformers — Telephone  instruments 
may  be  connected  to  the  telephone  line  through  repeat- 
mg  transformers  and  thus  prevent  any  induced  voltage 
on  the  line  from  being  transmitted  to  the  instrument. 
This  scheme  is  particularly  applicable  to  private  tele- 
phone lines,  such  as  those  from  substations  to  power- 
house, etc.  It  is  often  used  for  lines  running  on  the 
same  poles  as  high-tension  transmission  wires.  Trans- 
verse induction  is  not  protected  against  by  the  trans- 
former, and  therefore  there  is  no  reduction  in  noise  re- 
sulting from  imperfect  transposition  or  protector  break- 
downs. Transmission  loss  is  involved  in  the  trans- 
former, but  this  is  generally  not  serious  on  a  private 
line,  providing  not  too  many  transformers  are  bridged 
across  one  pair  of  wires. 

INDUCTIVE  INTERFERENCE  FROM  EXISTING 
SINGLE-PHASE   RAILWAYS 

The  first  roads  to  adopt  the  single-phase,  alternat- 
ing-current system  were  interurban  trolley  lines.  The 
traffic  was  light  compared  witli  later  installations,  but 
the  voltage  was  lower  and  therefore  the  current  was 
high  enough  to  give  as  much  electromagnetic  induction 
as  a  higher  voltage,  high  powered  line.  The  first  study 
of  inductive  interference  was  made  on  the  Derry  and 
Latrobe  line,  a  short  line  in  Pennsylvania  run  at  a 
trolley  voltage  of  1000  volts.  The  tests  made  there 
gave  enough  information  to  enable  a  more  compre- 
hensive set  of  tests  to  be  made  on  the  3300  volt  Indiana- 
polis &  Cincinnati  Traction  Company  line  running  from 
Indianapolis  to  Rushville,  Ind.  a  distance  of  40  miles. 
It  was  during  these  tests,  in  1906,  that  an  idea  of  the 
division  of  return  current  in  rail  and  earth  was  first 
obtained  with  any  degree  of  definiteness.  The  neu- 
tralizing transformer  for  use  in  telephone  and  telegraph 
lines  was  also  first  tried  out  during  these  tests,  with  the 
result  that  it  was  considered  advisable  to  depend  upon 
this  scheme  for  taking  care  of  the  inductive  interfer- 
ence problems  of  the  New  Haven  electrification. 

The  Indianapolis  and  Cincinnati  electric  line  did 
not  cause  serious  interference  in  neighboring  circuits, 
principally  because  it  was  broken  into  sections  of  about 
ten  miles  in  length,  each  section  being  fed  from  a 
separate  transformer  station.  The  line  has  since  been 
extended,  using  the  same  feeding  system,  and  inductive 
interference  trouble  has  not  occurred. 

The  New  Haven  electrification  was  first  laid  cut 
with  only  one  point  of  feed,  at  Cos  Cob,  near  one  end 
of  the  line.  Induced  voltages  in  the  railroad  telegraph 
line  running  on  the  right  of  way  were  calculated  from 
the  data  obtained  on  the  I.  &  C.  line  and  the  values 
itidicated  were  checked  later  by  test  and  found  to  be 
substantially  correct.  The  neutralizing  transformer 
scheme  was  adopted  and  the  transformers  were  put  in 
position  and  connected  before  operation  began.  The 
result  was  that  the  railroad  telegraph  lines  gave  suc- 
cessful service  and  were  operative  even  when  the  in- 
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duced  voltage  was  as  high  as  1000  vohs.  The  trans- 
fi.  rmers  neutraHzed  this  enough  to  keep  the  residual 
below  50  volts.  When  short-circuits  occurred  on  the 
line,  the  transformers  probably  were  saturated  and  the 
residual  must  have  been  in  the  neighborhood  of  1000 
volts  and  possibly  more,  but  no  damage  was  caused. 
The  relays  would  rattle  for  a  second,  or  until  the  short- 
circuit  was  cleared,  and  this  was  the  only  result. 

The  American  Telegraph  &  Telephone  Company 
had  lines  paralleling  the  New  Haven  at  a  distance  of  a 
few  hundred  feet.  These  lines  were  worked  as  tele- 
phone lines  during  the  first  months  of  the  electrification 
with  no  inconvenience,  other  than  some  noise  in  the 
open  wire  circuits.  The  voltage  under  normal  opera- 
tion reached  values  of  about  200  volts,  and  under  short- 
circuit  conditions  it  must  have  reached  several  times 
this  amount,  although  no  measurements  to  determine 
the  maximum  values  were  made.  The  lines  could  not 
be  used  for  composite  telephone  and  telegraph  service, 
however,  and  for  this  reason  neutralizing  transformers, 
especially  built  so  as  to  be  suitable  for  composite  cir- 
cuits were  installed. 

The  increase  and  extension  of  the  New  Haven  elec- 
tric service  necessitated  a  better  system  of  feed,  on  ac- 
count of  voltage  regulation  and  also  because  of  the  in- 
creased induced  voltages.  The  three-wire  system  was 
adopted  and  the  entire  line  was  changed  to  this  scheme. 
The  result  was  very  beneficial  to  telegraph  operation 
and  it  has  been  found  possible  to  operate  the  railroad 
telegraph  circuits  with  the  neutralizing  transformers 
cut  out  of  service  with  very  little  disturbance,  although 
the  length  of  the  electrification,  and  therefore  the  ex- 
posure of  the  lines,  is  three  times  as  great  as  when  the 
road  began  operation  under  the  old  system  of  feed. 

The  scheme  of  using  track  booster  transformers 
was  given  a  test  in  the  spring  of  1914  on  the  New 
Canaan  branch  of  the  New  Haven  Railroad,  which  ib"  a 
seven  mile  stub  end  road  branching  from  the  main  line 
at  Stamford,  Conn.  The  tests  showed  that  this  scheme 
v/as  workable  and  it  was  installed  on  the  branch,  clear- 
ing up  the  inductive  interference  there. 

The  same  scheme  was  applied  on  the  Norfolk  & 
Western  Railroad  and  has  given  successful  results.  It 
was  brought  out  in  tests  at  this  place  that  the  trans- 
former scheme  was  not  giving  as  low  an  induced  volt- 
age as  indicated  by  the  New  Canaan  experiments.  This 
was  found  to  be  due  to  abnormal  leakage  around  in- 
sulating joints,  on  account  of  the  kind  of  ballast  and  a 
water  piping  system  close  to  the  rails.  However,  the 
induction  is  not  such  as  to  cause  interference  at  present. 
The  distribution  system  is  on  the  multiple  substation 
plan. 

The  Philadelphia-Paoli  electrification  employed 
booster  transformers  at  the  start,  on  account  of  the 
railroad  telegraph  circuits  which,  without  boosters, 
would  have  between  one  and  two  hundred  volts  induced 
during  normal  operation.  Telegraph  operation  was 
perfect,  but  considerable  bell  ringing  trouble  at  times 


of  short-circuits  was  caused  in  the  Telephone  Company 
lines  and  investigation  traced  the  cause  to  the  saturation 
of  the  boosters.  The  resonant  shunt  for  telegraph  lines 
was  developed  and  connected  into  the  telegraph  circuits 
in  order  to  allow  the  removal  of  the  boosters,  with  the 
object  of  getting  rid  of  bell  ringing.  Boosters  on  one 
half  the  line  have  been  removed  and  resonant  shunts 
installed  in  the  telegraph  lines  with  very  favorably  re- 
sults. The  telegraph  business  of  the  railroad  is  carried 
on  as  duplex  composite,  four  wires  making  up  ,1  set 
of  four  duplex  telegraph  circuits,  two  direct  telephone 
circuits  and  one  phantom  telephone  circuit.  Bell  ring- 
ing in  telephone  lines  has  been  practically  eliminated. 

On  tlie  latest  single-phase  electrification  in  the 
United  States,  which  is  that  of  the  Chestnut  Hill 
branch  of  the  Pennsylvania  Railroad  at  Philadelphia, 
<-'  careful  study  of  the  substation  layout  was  made  prior 
to  the  installation,  with  the  idea  of  keeping  inductive  in- 
terference to  a  minimum.  The  transformer  stations 
were  located  with  this  in  view,  and  the  result  has  been 
that  it  has  been  unnecessary  to  install  any  corrective 
devices,  either  in  the  railway  circuits  or  the  communi- 
cation lines.  This  line  went  into  service  two  years  ago 
and  no  case  of  bell  ringing  or  other  disturbance  has 
been  reported. 

Other  single-phase  electrifications  have  Been  in- 
stalled with  multiple  substation  systems,  and  the  induc- 
tive interference  has  been  practically  negligible.  The 
special  cases  mentioned  above  are  those  in  which  spe- 
cial investigations  and  tests  seemed  desirable,  and  are 
therefore  those  on  which  the  most  data  is  available. 

CONCLUSION 

In  planning  for  an  electrification  which  is  paralleled 
by  telephone  and  telegraph  circuits,  it  is  essential  that 
induction  be  taken  into  account  from  the  start.  The 
introduction  of  special  devices  into  either  the  telegraph 
cr  the  railway  circuits  is  annoying  and  sometimes  quite 
expensive.  By  carefully  laying  out  the  transformer 
stations  and  determining  the  probable  induced  voltages 
beforehand,  very  little  extra  expense  should  be  in- 
volved and  a  system  can  be  obtained  which  is  free  from 
most,  if  not  all,  of  the  extra  devices.  If  the  stations 
are  so  laid  out  that  the  short-circuit  conditions  on  the 
railroad  do  not  cause  dangerous  voltages  in  the  tele- 
phone lines,  normal  operating  conditions  will,  r.s  a 
general  rule,  take  care  of  themselves.  If,  after  all  rea- 
sonable steps  have  been  taken  in  the  railroad  circuit,  the 
induced  voltage  is  still  above  the  working  limits  and  yet 
does  not  cause  a  physical  hazard,  the  use  of  some  such 
device  as  the  resonant  shunt  in  the  telegraph  lines  will 
probably  take  care  of  whatever  voltage  remains.  If 
there  is  a  short  distance  where  the  exposure  is  very 
severe,  and  the  spacing  of  transformer  stations  to  tr:ke 
care  of  this  condition  would  be  so  close  as  to  cause 
considerable  expense,  such  a  short  stretch  could  be  pro- 
tected by  some  of  the  special  devices  considered  above, 
v.'ithout  affecting  the  rest  of  the  system. 
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APPENDIX   A 

•iWO-WIHE  NETWOKK 

To  construct  the  equivalent  network,  reduce  all  impedances 
to  a  base  voltage  (trolley  voltage  is  preferable  as  base).     For 
example,  in  Fig.  8, 
Zj,  Z\,  ^  impedance  of  feeders. 
Z^,  Zi  =  impedance  of  trolley-track. 
Z,,  Z2,  Z,  =  impedance  of  step  down  transformers. 
Zj  ^=  impedance  of  step  up  transformers  and  feeder  to  i. 


FIG.   8 — EQUIVALENT  TWO-WIRE   NETWORK 

Fir«t  consider  mesh  2-3  separately  and  as  fed  from  2  with 
one  ampere  load  at  5,  Fig.  S. 


I2  = 


Zb  +  Z,  +  Zi  +  Z; 
Z^  +  Z,  +  Zd 


'  Zx,  +  Z2  +  Zi  +  z,~" 
/:  Z:  =  Z:35  =:  impedance  of  network  2-3  from  2  to  5. 

Consider  mesh  r-3  with  side  3-5  made  up  of  mesh  ^-j.     For 
a  load  at  4, 

Z.  +  Zo  +  z,, 


I,  = 
/=>»  = 


Z.  +  Zo  +  Zi  +  Zy. 

z, 

Z„  +  Zc   +  Z,   +   Z:l 


-=K 


-—L 


Z;,    =    A" 

Z»  =  A'' 
Z,6  =  A' 


A  —  mL- 
Z, 

(Z,  +  Zc) 
(Z,  +  Zc)  —  mL'  Z^ 


To  obtain  the  constants  for  load  at  6  consider  the  network 
as  supplying  three  loads,  a  positive  load  at  6,  a  positive  load 
at  5  and  a  negative  load  at  5,  all  loads  being  numerically  equal. 
First  consider  a  load  at  6  fed  from  5.  To  solve  this,  mesh 
2-1-5  must  first  be  solved  alone,  giving  the  value  of  the  impe- 
dance from  5  to  ^  =:  Zoi!.  Then,  in  mesh  5-1-2  with  load  at  2 
fed  from  5, — 

,  _  Z. , 

''  —   Zc  -t-  z,  +  z.  +  z,  —  '" 

_  Zc   +   ^.  +  ^.  , 

' "~    Zc  +  Z,  +  Z.  +  Zi  —  " 

Zm2    =    »'     Z, 

Consider  mesh  5-.J-^  with  side  2-5  made  up  of  mesh 
5-1-2.    For  load  at  6  fed  from  5, — 

Za  +   Zb   -f   Zm= 


/d  = 


A,.  =   A   = 


Z3  -f  Zb  -f  Z.«  +  Zd 

z- 


Z,  +  Zb  -I-  Zm=  -I-  Zd — 
I2  ^  n'  m" 
h  =  «»'  »i" 

Superimpose  these  values  on  those  obtained  for  load  at  5 
and  the  result  is  obtained  for  a  load  at  6  fed  from  4. 
Ii  =  K'  —  hi'  m" 
h  =  nL'  —  n'  m" 
I,  r=  mL'  -\-  m" 
Zm  =  (A'  —  m'  m")  Z, 


TABLE  I— TROLLEY  RAIL  IMPEDANCES 


Trolley  I  W 

Rail     I  :j 

Circuit  I  O 

I  erf 

Lh 


2  '^•«  I 

5  §«  I 

EU;2  2 

O  O  o  ^ 

«,    j    I 

o  ao;  I 
o  o  o    I    2 


O   O.Ci 
•C   O     . 

O   O   o 

\^  o 


o  aCi 
j:  o    . 

o  o  o 


o    . 
U:2 


TROLLEY 


♦Booster 


1  0.316 -H 

2  0.316 -I- 
4  10.316 -f 

o.i5S-f 
0.158  + 
0079 -f 
0.270  + 
0.270  -|- 
0.270  -j- 
0.135  + 
0.135  + 
0.068  + 
0.232  + 
0.232  + 
0.232  + 
0.1 16  + 
0.116  + 
0.058  + 
0.189  + 
o.i8q  + 
0.180  + 
0.094  + 
0.004  + 
0.047  + 
0.260  + 
0.260  -i- 
0.260  -j- 
0.130 -I- 

O.I.'?0-|- 

0.065-1- 

Impedance 


RETURN  CIRCUIT 


TOTAL  IMPEDANCE 


With 
Boosters 


0.306 

0.310 

0.322 

0.170 

0.180 

0.094 

0.303 

0.313 

0.325 

0.172 

0.182 

0.095 

0.312 

0.316 

0.327 

0.173 

0.183 

0.096 

0.309 

0.313 

0.325 

0.172 

0,182 

0.005 1  o. 

0.36810, 

0.372 1  o. 

0.3S4I6. 

0.200I0 

0.210|0 
O.IO9I0, 


).0p2  +  JO.2II  0.037  + 

).046  -j-  jo.  122  0.028  -j- 
).o-'3  + jo.073io.oi6  + 
).046  +  jo.122lo.028  + 


Without 
Boosters 


With  Boosters* 


Without  Boosters 


.023 +  j  0.070 
.023  +  j  0.070 
.092  + jo.211 
.046  -j-  jo.122 
.023  +  j  0.073 
■.046  +  jo.122 
.023  -j-  j  0.070 
.023  +  j  0.070 
.092  +  J0.211 
.046  +  jo.122 
.023  +  j  0.073 
.046  + jo.122 
.023  -j-  jo.070 
.023  4-  jo.07o!o.oi6  + 

.0Q2  + J0.2Il|0.037-f 
.046  +  j  0.1 22 1 0.028  + 

.023  4- jo.073lo.oi6-i- 

.046  +  J0.I22|0.O28  -I- 

■.023  -j-  jo.070  0.016  + 
.023  -j-  J0.070l0.016  + 

,0()2  + jO.2illo.O37  + 

.046  -j-  jO.l22lo.O2S  + 

.023  -I-  jO.O73Io.Ol6  + 

-|- jO.i22lo.O28  + 

023  -1-  jo.070io.016  4- 
.023  -i-  jo.07010.016  4- 


0016 -j- 
0.016  4- 
0.037  + 
0.028  + 
0.016  4- 
0.028  + 
0.016  4- 
0.016  4- 
0.037  + 
0.028 + 
0.016  4- 
0.028  + 
0.016  -j- 


io.o«4  o 
io.073  o. 
0.051  o, 
0.073  o. 
i  0.049  o. 
0.049  o. 
i  0.084  o. 
10.073  o 
0.051  o. 
io.073  o. 
10.0.19  o. 
0.049  o. 
io.o8.|.  o. 
0.073  o. 
io.051  o. 
io.073'  o. 
0.049  0 
0.049  o 
0.084  o, 
0.073  o 
0.051  o 
0.073  o 
0.049  o 
io.oa")  o 
0.08 1  o 
0.073  o 
0.051  o 
0.073  o 
i  0.0 19  o 
io.o.w  o 


.422  + 
.376  + 

353  + 
218  + 
195  + 
109  + 
376  + 
330  + 
307  + 
195  + 
172  + 

338  + 

202  4- 


=  0.014  +  jo.017  except  4-Trolleys, 


260  + 
.176  + 

1.53  + 
088  + 
2oq  + 
240  + 
226  + 

1.54  + 
131  + 
077  + 
3fi6  + 
320  + 
207  + 
100 -}- 
■67  + 

005  -{■ 

4-Track  = 


0.534 
0.449 
0.412 
0.309 
0.267 
0.173 
0.537 
0.452 
0.415 
0.311 
0.269 
0.174 
0.540 
0.455 
0.417 
0.312 
0.270 
ai_75 
0.537 
0.452 
0.415 
0.311 
0.269 
0174 
o.5'^6 


=  0.680 
=  0.585 
=  0.541 
=  0.377 
=  0.330 


0.353  + 

0.344  + 
0332  + 
o.  186  + 
0.174  + 


=  0.204  j  0.095  + 


=  0.654 

0.307  + 

=  0.560 

0.298  + 

=  0.515 

0.286  + 

=0.366 

0.163  + 

=0.318 

0.I5I  + 

=  0.199 

0.084  + 

=0.634 

0.260  + 

=0.538 

0.260  + 

=  0.494 

0.248  + 

=0.358 

0.144  + 

=0.310 

0.132  + 

=  0.195 

0.074  + 

0.474 
0.330 
0.207 

0.188 


=  0.610I0.226  + 
=  0.51510.217  + 
=  0.47110.205  + 

=  0.346  0.122  4- 
:=  0.20810.1 10  4- 
=  O.1S0I0.063  4- 
:=0.6o6'o.207  + 
=  O.600I0.288  + 

=  o.5=;8'o.276-i- 

=  0.387(0.158  + 

:=0.340l0.I.l6  + 

=  o.2ii|o.o8i  4- 
0.007  +  j  0.009. 


o.i58  =  ( 


It  Zx  =  Zi,  =:  self  impedance  to  4. 
I    :=  nL        I,  =  mL 
Z«  =  Z„  —  LZo 
Z,.  =  Z.,  —  mL  Zd 
For  load  at  5, — 

Z.,  +  Z=, 


/.  = 


r,v,=z 


z,  +  z,  +  z,  -\-  Z:„- 
z,  +  Zc 

Z,  +  Zc  +  Z,  +  Zia" 


=  A' 


L' 


Z^  =  Z„-\-  (K'  —  m'  m")  Z, 
Z„  =  Z„  4-  {K'  —  m'  m"  +  iiL'  —  n'  m")  Za 
The  results  must  satisfy  the  following  equations: — 
Z„  =  Z„ 

Zm   =   Zsi 

Zm  =  z„ 

The  above  results  give  self  and  mutual  impedances  from  /. 
To  change  these  to  the  values  from  the  source  of  power  add 
Z.)  to  each. 


I 
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SHORT   CIRCUIT  CURRENT  IN    NETWORK   FED   FROM    TWO   SOURCES 
OF  POWER 


'^  Position  of  Short. Circuit 
FIG.   9 — SHORT-CIRCUIT  IN    NETWORK   FED  FROM   TWO   SOURCES 

In  Fig.  g — 
Zm  =  Impedance  of  point  .v  from  primary  source  of  power 
Zss  =  Impedance  of  point  x  from  secondary  source  of  power 
Zsi  ^  Mutual  impedance  of  points  x  and  j 
Zs  =;  Internal  impedance  of  secondary  source  of  power 


£0  = 
E,  - 
h  = 
h  = 
E.m 
E.m 
E.m 


FIG.   10 — EQUIVALENT   NETWORK  OF  TROLLEY-TRACK  CIRCUIT 

For  one  track  of  a  two  track  system. 

=  Generated  voltage  of  primary  source  of  power 

=  Generated  voltage  of  secondary  source  of  power 

=  Current  at  x 

=  Current  from  secondary  sources 
f.  drop  from  primary  source  to  x  =^  Ix  Zxs  —  h  Zsi  = 
f.  drop  from  primarj-  source  to  J  ^  /i  Zsi  —  Is  Zsb 
i.  at  s  =  Eo  —  U  Zsx  -f  /,  Z,s  —E,  —  h  Zs 

=   h    Zs.   —    h     (Z,    +    Zss)     =    £n    —   £s 

Zxx  (£0  —  £s)  —  £.  Zs,        £0  Zs.  —  Z,x  (£0 


£, 


/,  = 


E.) 


Z,,' 


h  = 


Zxx     (Zs    +    Zss)     +    Zsx=    ~    Zxx    (Zss    +   Zs) 
— £0     (Zs    +   Zs.)     -I-    Zs.  (£0   —  £s)     _ 
-Zxx    (Zs   +   Zss)    +  Z..' 

E„  (Zss  +  Zs)  —  Zsx  (£0  —    £s) 


(Zss    -f    Zs) 


Z.x= 


FIG.    II — THREE-WIRE   SYSTEM 

IMPEDANCE  FROM    SUBSTATION   TO   LOAD   ON    ONE  TRACK   OF   A 
TWO-TRACK   SYSTEM 

In  Fig.  10 — 

Zi  ;=   Impedance   of   trolley-track   circuit   for   one   trolley 

from  a  to  b. 
Zm  =  Mutual  impedance  between  trolley  wires  from  o  to  6 

(1)  A  Z,  +  (7e  —  70  mZ,  —  L.  (l-m)  Z,  —  h  Z„,  — 

(/.  —  /.-)   ()"  Z,„ )+/,(/  —  m)  Zm  =  0 

(2)  7,  Z,  +  I,  (i-w)  Z.,.  —  (7c  —  7=)  TO  Z„  =  £b  —  £. 

(3)  £1,  —  £c  =  (7e  —  7.)  mZ  —  h  m  Z„ 
From  (i)  7i  =  Zs  —  m  Ic 

Substituting  this  value  of   /,   in    (2)    and    (3)   and  solving 
gives 

£,  —  £,  =  m.  (£,  —  £„)  -I-  (l-m)  L-mZ 

—  m  (£„  —  £„)  +  (/  —  m)  7c  Z.c 


z.              z^ 

Z3        z:;;    z. 

FIG.    12 — EQUIVALENT  NETWORK  FOR  THREE-WIRE  SYSTEM 
THREE-WIRE   SYSTEM — EQUIVALENT    NETWORK 

Consider  the  network  in  Fig.  11  as  made  up  of  two  circuits 
with  self  and  mutual  impedance. 

I — Trolley-feeder  circuit  at  double  voltage. 

2 — Trolley-rail  circuit  at  base  voltage. 
Reduce  all  impedances  to  base  voltage  and  let 
Zi,  Z2,  etc.  be  the  impedances  of  the  auto-transformers. 
Z,  2,  Z.  J,  etc.  be  the  impedances  of  the  trolley-feeder  circuit 

=  one-fourth  actual  impedances. 
Zsi,  Zse,  etc.  be  the  impedances  of  the  trolley-rail  circuit. 
Zmi,  Zg,-,  etc.  be  the  mutual  impedances  between  the  two 

circuits. 


The  network  can  then  be  constructed  in  the  same  manner 
as  for  the  two  wire  system  except  that  the  mutual  impedances 
must  be  taken  into  account. 

In  Fig.  12,  consider  mesh  s-4  with  unity  load  at  7  fed 
from  J. 


(1)  7.  (Z,,-f  Z,)  4-73 

(2)  7,  -f  7.  =  / 
From  which 


L  = 


Z,„, 


r=  I,    (Z,  -t-  Z«,)    -1-   7, 


z. 

Z, 

— 

3 

- 

Za 

+  z 

+ 

z. 

.   + 

Zc7 

— 

Zi„3 

Ze: 

z. 

- 

Zn.3 

Z.  -f  Z.  +  Z, ,  -h  Z„  —  z. 

TmllcvO 


mllcvO*  <J|  ipF 


FIG.    13 — SIMPLE  TWO- 
WIRE  NETWORK 


FIG.      14 — RELATIVE     LOCA- 
TIONS   OF   TROLLEY,    TRACK 
AND   FEEDER 


Consider  load  at  6  fed  from  j. 

Zm, 

(Zs4  +  Z,  Z„ 


(I) 

(2) 


)  =  73  Z, 


73  -f  7,  : 


Z.,  -f  Z. -f  Z.,-Zn„ 
'~Z.-fZ.-f  Za,  -f  Z,, 

Z3 


Z„a 


L  = 


Za-f  Z,  +  Z3,-f  Z,,  +  Z...3 

The  values  of  73  and  7,  are  exactly  the  same  as  if  the  net- 
work were  as  shown  in  Fig.  13. 

This  is  a  simple  two  wire  network.  For  calculation  of  self 
and  mutual  impedances,  the  network  with  mutual  impedance 
should  be  used,  but  for  calculation  of  distribution  currents  the 
simple  network  is  applicable. 

In  the  above  Zm  is  calculated  as  equal  to  the  resistance  of 
the  trolley  +  j  (Reactance  of  trolley  with  respect  to  track  -f 
mutual  reactance  of  feeder  with  respect  to  trolley-track.)     Re- 

d 
actance  of  trolley  with  respect  to  track  =  0.116  log        o       for 

23  cvcles.     Mutual  reactance  of  feeder  with  respect  to  trolley- 

track  =  0.116  log    — 1 for  25   cycles,   where   the  distances, 

d.  d,  and  d:  arc  as  represented  in  Fig.  14. 

APPENDIX  B 

RESONANT   SHUNTS    FOR   TELEGRAPH    CIRCUITS 


-o 


LasM-e — I 


I.  Circuit  in  series  resonance  shunted  around  relay.  This 
forms  a  low  resistance  path  for  the  induced  voltage  of  railway 
frequency.  By  the  use  of  a  commercial  retardation  coil  and 
6  m.  f.  of  condensers  very  good  telegraph  operation  has  been 
obtained  with  an  alternating  current  voltage  of  four  times  the 
direct  current  voltage. 


II.  Circuit  in  parallel  resonance  in  series  with  relay  with 
same  coils  and  condenser  as  used  for  I ;  this  has  been  effective 
with  an  alternating  current  voltage  equal  to  the  direct  current 

voltage. 


III.  Parallel  Resonant  Bridge.  Rb  =  Resistance  of  re- 
sonant bridge  arm  at  railway  frequencj'.  An  improvement  over 
II  but  has  not  proved  to  be  as  good  as  I. 
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IV.  Series  Resonant  Bridge.  Kb  =  Resistance  of  resonant 
bridge  arm  at  railway  frequency.  Results  show  an  improve- 
ment over  I. 


Polar  Relay 
Pole  Changer 

Artifica]   Lino 

Paralleled  Kesoiiaiit  Circuit  for  duplex  working. 


Ncutralinng  o 

r  Primary  Li 

e^^ 

i 

v-. 

.V.^ 

4r 

i 

\\\^^ 

V.  Differential  Relay.  Special  double  winding  rclaj'. 
Alternating  current  divides  evenly  in  windings.  The  direct 
current  flows  only  in  the  resistance  side. 


VII. 


TeloEraph  or  Telephone  VJttm 

\I1I.     .Neutralizing     Transformer     System.      Neutralizing 
wire  runs  among  tel.  wires  and  is  subject  to  the  same  induction. 


IX.     Track  Booster  Transformers. 
Current  in  track  =  current  in  trollcj'  —  magnetizing  cur- 
rent  of   transformer.     E,   M.    F.   across   transformer  =  impe- 
dance drop  in  rail  section  in  which  it  is  connected. 


VI.     Differential    Relay    with    parallel    resonance.     Rp    = 
Resistance  of  resonant  circuit  at  railway  frequency. 


Feeder  Booster  Transformer. 


Safety-First  Testing  of  Small  Trrajisibrmers 


A.  Heckman 

Assistant  Works  Electrical  Engineer, 

Westinghouse  Electric  &  Mfg.   Company 


Till'.  TESTING  of  electrical  equipment  ma}  be 
divided  into  two  broadly  different  classes.  New 
equipment  is  given  a  complete  engineering  test 
to  determine  fully  the  characteristics  of  the  apparatus. 
Such  tests  are  intended  for  the  benefit  of  the  engineer 
v/ho  designed  the  equipment,  and  the  data  so  obtained 
is  of  great  importance  in  assisting  him  in  checking  up 
his  design  and  perfecting  details.     As   such   tests  are 


apparatus  will  meet  the  specifications.     The  tester's  re- 
port is  practically  the  only  check  on  the  quality  of  the 

wiu  Isiii.iii-liiii  111  the  factory.     Because  certain  types;  of 


H 

■■^■"      »irai 

BHI 

r  •'•'(^^^■•I'.yii^l 

lUiill 

~.-.m=!w:.^^^l 

HuNHh 

j^H 

^ 

__,,,^^^^|*SB^^33|*3|J 

s^gf^ 

H 

P 

W^SB^^K^HL 

IBH 

'  1^ 

^,  % 

HH| 

:  4 

i» -..^l''".' 

■ '  ^'-- 

^- 

usually    made    but    once    for    each    different    design, 
rapidity  of  testing  is  not  essential. 

The  routine,  or  quantity  testing  of  the  equipment, 
while  less  important  from  the  purely  design  standpoint, 
is  much  more  important  from  the  production 
standpoint.  Prompt  deliveries  to  some  extent  depend 
en  the  time  required  by  the  tester  to  satisfy  himself,  the 
designing  engineer,  and  the  customer  that  each  piece  of 


J-     IISI    lUiAUI'    FnK    SM  AIL    I K  ^ 


apjtaratus  pass  through  the  factory  in  large  numbers, 
tl  e  importance  of  this  testing,  and  the  necessity  for  get- 
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tmg  it  done  quickly  and  at  the  least  possible  expense, 
warrant  the  installation  of  equipment  intended  primarily 
to  facilitate  rapid  and  accurate  results. 

In  the  construction  of  such  equipment  the  human 
element  must  be  carefully  considered.  Both  from  the 
standpoint  of  eliminating  accidents  and  of  increasing 
the  rapidity  of  testing,  it  is  found  that  the  equipment 
must  be  thoroughly  safe-guarded.  Hence,  in  building 
special  testing  outfits,  the  principle  of  "safety  first" 
must  be  kept  prominently  in  mind,  as  otherwise  the 
tester  soon  comes  to  realize  the  danger  to  which  he  is 
daily  exposed,  causing  him  to  become  dissatisfied  with 


trols  also  the  supply  current  for  the  ratio  board.  Panel 
4  is  the  ratio  board  used  to  take  the  ratios  of  the  ♦irans- 
formers  under  test.  The  double  test  rack,  Fig.  i,  com- 
pletes the  testing  equipment  which  meets  all  require- 
ments for  testing  small  shunt  or  potential  transformers. 
The  wiring  diagram  for  the  test  board  is  shown  in 
Fig.  3.  The  power  for  the  testing  transformer  is  sup- 
plied to  the  oil  circuit  breaker  B,  through  the  double 
two-pole  double-throw  oil  switch  A,  through  which  2200 
volts  at  60  cycles,  or  any  frequency  or  voltage  that  is 
available  on  the  test  floor,  is  supplied  over  a  relay  cir- 
cuit connected  to  the  main  power  distribution  board. 


Development  of    Rado    Transformer 


Development     of    Autotransformer     Winding 


Development     of     Testing   Transl 


/VY^^A/Y^AAA/v^A/YW\AA/YV^A^  111  I  oj   OS    „;l  »»    I,  I  ijlisl  itI  i»  1         /WyWvNAA.      /vVVVVV      AAAVvWv\ 

120     j     100     1      so      I      60      I      <»      1      20      1      „  I  1    1  »  I         "      »-     "1     "'.     «-    i»     1-     11  13        12         U        10    16         16        U     9  8         7         6 


FIG.    3 — WIRINC.    IllAOKAM    OK   TEST    no.\r.D    SHOWN    IX    FIG. 


his  work,  and  thus  interfering  with  production.  Modern 
testing  equipment  is,  therefore,  so  designed  that  it  is 
practically  impossible  for  the  tester  to  expose  himself 
to  a  live  circuit,  no  matter  how  careless  he  may  be. 

An  example  of  modern  equipment  for  testing  small 
shunt  transformers  is  shown  in  Figs,  i  and  2.  The 
test  board  consists  of  four  panels.  Fig.  2,  counting  from 
right  to  left.  Panel  i  controls  the  primary  side  of  the 
testing  transformer  or  the  transformer  supplying  the 
current  used  in  perfonning  the  various  tests.  Panel  2 
controls  the  secondarj'  side  of  the  testing  transformer. 
Panel  j  controls  the  primarj'  and  secondary  switches 
making  connections  with  the  double  test  rack  and  con- 


The  220,  440,  1 100,  2200,  3300  and  6600  volt  taps  of 
the  testing  transformer  secondary  are  connected  to  the 
12  plug  receptacles  R  mounted  on  panel  2.  By  plug- 
ging into  the  receptacles,  the  secondaries  of  the  te.sting 
transformer  are  connected  to  the  two-pole  double- 
throw  oil  switch  C  mounted  on  panel  2.  Moving  the 
I'.andle  of  the  oil  switch  to  the  up  position  connects  the 
receptacles  with  the  two-pole  double-throw  oil  switch  D, 
mounted  on  panel  5,  which  controls  the  two  primary 
busses  of  the  double  test  rack.  Moving  the  handle  of 
the  oil  switch  C  to  the  down  position  connects  the  re- 
ceptacles to  the  two-pole  double-throw  knife  switch  E, 
mounted  on  panel  ?,  which  controls  the  secondary  wind- 
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ings  of  the  ratio  transformer.  The  primary  side  of  the 
ratio  transformer  is  connected  across  a  2200  volt  tap 
of  the  secondary  side  of  the  testing  transformer  through 
the  fused  two-pole  oil  switch  H.  The  secondary  side 
of  the  ratio  transformer  has  12  ten  volt  taps  and  5  two 
volt  taps.  The  ten  volt  taps  are  connected  to  the  dial 
switch  mounted  on  the  upper  left  hand  side  of  the  ratio 
board  and  the  two  volt  taps  are  connected  to  the 
transfer  dial  mounted  on  the  lower  left  hand  side  of  the 
panel.  The  transfer  dial  switch  connects  a  two  volt 
autotransformer  with  20  one-tenth  volt  taps  across  any 
of  the  two  volt  taps  of  the  ratio  transformer.  With  the 
three  dial  combinations,  any  voltage  ranging  from  o.i 
(A  a  volt  to  130  volts  can  be  had.  The  rheostat  switch, 
mounted  on  the  lower  right  hand  side  of  this  panel, 
controls  the  pilot  and  polarity  lamps  L  on  the  first 
joint.  As  the  arm  is  moved  to  the  right  it  cuts  out  re- 
sistance in  circuit  with  the  series  coils  of  the  ratio 
meter.  This  resistance  protects  the  ratio  meter  when 
there  is  a  great  difference  of  potential  between  the 
t'ansformer  on   test   and   the   ratio   transformer.     The 
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ratio  meter  is  a  single-phase  wattmeter  with  110  volt 
shunt  coils  and  2.5  ampere  current  coils.  The  scale  or 
dial  of  the  wattmeter  was  changed  to  a  differential  scale 
marked  high  and  low  with  a  zero  point  as  a  point  of 
balance.  The  secondary  side  of  the  ratio  transformer 
is  connected  through  a  floor  switch,  to  the  two-pole 
double-throw  knife  switch  £,  which  is  mounted  on  panel 
_?.  Through  this  knife  switch  the  secondary  side  ~.  ihc 
ratio  transformer  can  be  connected  to  either  secondary 
bus  of  the  double  test  rack.  Should  the  tester  forget 
to  open  the  oil  switch  H,  controlling  the  primary  side 
of  the  ratio  transformer,  the  secondary  side  of  this 
transformer  is  opened  automatically  by  the  floor  switch 
as  the  tester  steps  away  from  the  ratio  board.  The 
primary  side  of  the  ratio  transformer  is  opened  through 
the  circuit  breaker  B,  on  the  primary  side  of  the  testing 
transformer,  which  is  controlled  by  the  interlocks  on  the 
gates  guarding  the  handles  of  the  spring  connectors 
on  the  primary  bus  of  the  test  rack. 

A  wiring  diagram  for  the  double  test  rack  is  shown 
in  Fig.  4.  The  primary  busses  nre  mounted  on  the  top 
section  of  each  side  of  the  rack  and  are  guarded  by 
bakelite  boards  which  are  provided  with  holes  through 


which  the  primary  leads  are  connected  to  the  busses 
by  means  of  spring  contacts  which  are  operated  by  in- 
sulated handles.  These  handles  are  guarded  by  a  two 
section  gate  which  operates  the  interlocks  mounted  on 
both  ends  of  the  test  rack.  The  secondary  busses  are 
mounted  on  the  lower  section  of  the  test  rack  and  are 
guarded  in  the  same  way  as  the  primary  busses  with  the 
exception  of  the  gates. 

Transformers  cannot  be  tested  on  both  sides  of  the 
test  rack  at  the  same  time;  while  one  side  is  being  used 
lor  testing,  the  transformers  on  the  other  side  of  the 
rack  may  be  disconnected  and  removed,  after  test,  or 
another  batch  of  transformers  can  be  connected  and 
made  ready  for  test.  In  order  that  no  power  may  be 
thrown  on  the  side  of  the  rack  on  which  the  trans- 
formers are  being  connected  or  are  being  removed,  after 
completion  of  test,  the  gates  on  that  side  of  the  rack, 
which  control  the  interlocks  on  the  gates  on  the  oppisite 
side  of  the  test  rack,  must  be  thrown  in  the  open  posi- 
tion. Should  the  tester  fail  to  open  these  gates  he  will 
not  be  able  to  connect  power  to  either  side  of  th^  test 
rack. 

The  "Safety  First"  features  of  this  test  board  con- 
sist in  the  following  devices: — 

I — A  current  trip  and  a  no-voltage  release  and  lockout 
device  controls  the  oil  circuit  breaker  D,  mounted  on  panel 
/,  controlling  the  primary  side  of  the  testing  transformer. 
2 — An  interlocking  system  by  which  all  plug  receptacles, 
oil  and  knife  switches  on  panels  2  and  ^,  the  doors  leading 
to  back  of  switchboard  and  knife  switch  panel,  and  the 
gates  guarding  the  insulated  spring  contact  handles  con- 
nected to  the  secondary  busses  of  the  test  rack  are  inter- 
locked with  the  no-voltage  release  and  lockout  device  con- 
trolling the  main  oil  circuit  breaker. 

3 — Timing  devices  mounted  in  the  plugs  which  cause 
the  main  circuit  breaker  to  kick  out  before  the  contacts 
carr>ing  high  potential  power  can  be  opened. 

The  interlocking  system  holds  the  main  oil  circuit 
breaker  in  the  lockout  position  v,-hen : — 

I — The  tester  forgets  to  close  the  guard  gates  of  the 
test  rack. 

2 — The  plugs  have  not  been  properly  inserted  in  the 
receptacles. 

3 — The  knife  switch  panel  door  on  panel  ^  or  the  doors 
leading  back  of  test  board  have  been  left  open. 

4 — The  tester  has  failed  to  open  the  gates  on  the  oppo- 
site side  of  test  rack. 

The  main  oil  circuit  breaker  is  kicked  out  .'.uto- 
matically  when : 

I-  -The  tester  forgets  to  kick  out  the  circuit  breaker  be- 
fore opening  the  guard  gates  on  the  test  rack. 

2 — The  tester  attempts  to  remove  a  plug  from  a  recep- 
tacle in  order  to  change  the  secondary  connections  on  the 
testing  transformer  while  the  circuit  breaker  is  closed. 

3 — Too  heavy  a  current  is  drawn  from  the  testing  trans- 
former. 

The  receptacles  are  interlocked  as  shown  in  Fig.  3. 
When  the  two  plugs  are  properly  inserted,  the  interlock 
circuit  is  closed,  lifting  the  no-voltage  release  and  lock- 
f)ut  device  clear  off  the  closing  mechanism  of  the  main 
oil  circuit  breaker  B.  By  reinoving  one  of  the  plugs 
from  the  receptacle  the  interlock  circuit  is  opened  by 
the  timing  device  which  will  kick  out  the  main  circuit 
breaker  and  lock  out  same  in  the  open  position  before 
the  high  potential  current  carrying  contacts  are  opened. 
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Moving  the  handle  of  the  oil  switch  C  to  the  up  position, 
closes  the  interlock  of  this  oil  switch  with  the  interlocks 
of  the  plug  receptacles  controlling  the  voltages  from 
440  to  6600  volts  respectively.  Moving  the  handle  down 
closes  the  interlocks  on  this  oil  switch  with  the  inter- 
locks of  the  plug  receptacles  controlling  the  220  volt  tap 
on  the  secondary  side  of  the  testing  transformer.  The 
two  receptacles  mounted  on  the  sides  of  the  oil  switch, 
as  shown  in  Fig.  3,  are  used  for  the  storage  of  the  plugs 
when  the  test  board  is  not  in  service.  The  interlocks  of 
these  two  receptacles  are  interlocked  with  the  no-voltage 
release  and  lockout  device  mounted  on  the  oil  circuit 


breaker  of  the  power  supply  circuit.  The  oil  switch  D 
controlling  the  primary  busses  of  the  test  rack  and  the 
secondary  switches  of  the  ratio-board  are  interlocked 
with  the  interlocks  of  the  oil  switch  and  with  the  in- 
terlocks controlling  the  gates  of  the  double  test  rack. 

Summing  up  the  "Safety  First"  features  of  this 
testing  equipment,  it  will  be  noticed  that  the  interlocking 
system  not  only  protects  the  tester,  by  preventing  him 
from  making  a  wrong  move  which  might  cause  him  or 
others  serious  bodily  injury;  but  it  also  prevents  the 
destruction  of  the  equipment  itself,  and  thus  unneces- 
sary delays  in  promised  deliveries. 
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THE  PROBLEM  of  choosing  suitable  instrument 
transformers  is  not  always  as  simple  as  it 
might  seem.  In  fact,  the  things  which  may  be 
desirable  and  essential  in  one  application  may  be  of 
small  moment  in  another  case.  Instrument  trans- 
formers are  of  two  kinds,  potential  or  shunt  trans- 
formers, and  current  or  series  transformers.  As  the 
name  implies,  a  potential  transformer  is  used  to  step 
down  the  voltage  to  a  safe  and  convenient  value. 
The  purpose  of  a  current  transformer  is  in  some 
cases  merely  to  transform  a  large  value  of  current  to 
a  lower,  convenient  value,  while  in  other  cases,  it  is 
not  intended  to  change  the  current  value  at  all,  but  its 
purpose  is  to  prevent  contact  with  the  high  voltage 
line.  In  many  cases,  the  current  transformer  serves 
a  double  purpose,  namely;  to  prevent  contact  with  a 
high  voltage  line  and  also  to  reduce  the  current  to  a 
low  convenient  value.  The  use  of  instrument  trans- 
formers also  reduces  the  range  of  voltage  and  current 
for  which  instruments  must  be  designed. 

POTENTIAL  TR.\NSF0RMERS 

A  potential  transformer  should  be  chosen  with 
two  ideas  in  view.  First  is  the  quality  of  insulation. 
In  other  words,  the  question  of  safety,  both  to  the  in- 
strument man  and  to  the  system,  must  have  chief  con- 
sideration. Second,  the  accuracy  of  transformation 
under  varying  loads  (generally  spoken  of  as  perform- 
ance) must  be  considered.  In  addition,  when  the 
transformer  is  to  be  used  for  continuous  service  on  a 
system  where  surges  are  apt  to  occur,  it  should  be  in- 
sulated sufficiently  so  that  surges,  or  other  disturb- 
ances, will  not  cause  a  breakdown,  and  thus  cripple  the 
service.  Extra  protection  against  surges  is  usually 
obtained  by  the  introduction  of  choke  coils  in  the  oases 
of  higher  voltage.  Low  voltage  systems  are  generally 
not  of  sufficient  extent  to  make  surges  of  much  conse- 
quence. However,  even  in  the  lower  voltage  cases, 
ample  extra  insulation  is  provided  to  take  care  of  any 
disturbances  that  may  occur.  It  requires  no  very 
great  stretch  of  the  imagination  to  see  that,  unless  the 
potential  transformer  is  well  chosen  and  properly  in- 
stalled, it  may  be  the  weak  spot  in  the  whole  system. 


Due  to  the  fact  that  fusing  alone,  in  the  case  of  poten- 
tial transformers,  does  not  offer  the  proper  protection, 
current  limiting  resistors  are  generally  used  in  series 
with  the  transformer  primary.  This  limits  the  energj' 
v.hich  would  go  into  a  short-circuit  in  the  potential 
transformer  circuit  and  hence  reduces  the  possibilities 
of  serious  trouble.  In  addition,  it  is  highly  desirable 
to  place  the  potential  transformer  in  a  cell  or  other 
suitable  compartment  in  order  to  isolate  any  trouble 
which  might  possibly  develop.  It  is  evident  from  the 
above  that  a  slightly  greater  cost  in  the  potential  trans- 
former and  its  installation  may  well  be  a  profitable  in- 
vestment, being,  in  fact,  good  insurance. 

The  question  of  accuracy  in  potential  trans- 
formers is  one  which  depends  almost  solely  on  the  pur- 
pose for  which  it  was  designed.  If  the  transformer 
is  to  be  used  for  experimental  or  research  work,  where 
accuracy  is  essential,  then  a  transformer  having  good 
performance  is  desirable.  Furthermore,  ratio  and 
phase-angle  curves  for  the  transformer  should  be 
a\'ailable  for  making  corrections.  A  comparatively 
high  degree  of  accuracy  is  unnecessary  in  other  cases, 
except  where  it  is  used  with  watthour  meters.  This 
is  evident  when  it  is  remembered  that  even  a  small 
error  is  accumulative  and  may  become  appreciable  in 
a  reasonable  length  of  time.  It  is  usually  advisable 
to  have  the  watt-hour  meter  calibrated  with  the  trans- 
former. Where  indicating  instruments  are  connected 
to  the  transformer,  no  very  great  accuracy  is  essential 
because  the  accuracy  of  reading  the  instrument  may 
\  ary  at  least  one  percent. 

CURRENT   TRANSFORMERS 

Practically  all  of  the  conditions  which  have  to  be 
inet  in  the  application  of  potential  transformers  must 
likewise  be  provided  for  in  the  case  of  current  trans- 
formers. In  addition,  the  current  transformer 
generally  must  meet  other  severe  requirements.  This 
should  be  apparent  when  it  is  remembered  that  the 
potential  transformer  usually  isolates  itself  if  trouble 
develops.  On  the  other  hand,  since  the  current  trans- 
former must  of  necessity  be  connected  directly  into  the 
lii^e,  it  is  compelled  to  take  the  consequences  whatever 
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they  may  be.  Xow  in  the  case  of  severe  short-cir- 
cuits, the  current  transformer  must  stand  up  to  the 
job.  Unless  the  current  transformer  is  capable  of  do- 
ing this,  then  it  is  a  weak  spot  in  the  system.  The  con- 
sequences of  this  weakness  may  be  just  as  serious  as 
they  could  be  in  any  potential  transformer  failure.  In 
fact,  the  chances  are  that  they  may  be  far  more  serious 
ill  most  cases,  because  usually  the  trouble  cannot  be 
isolated  without  a  discontinuance  of  service.  Trans- 
lated into  mechanical  characteristics,  this  means  that 
the  transformer  must  not  only  be  exceedingly  well  in- 
sulated, hut  it  must  be  capable  of  withstanding  the 
.severest  short-circuit  stresses  that  may  occur.  A 
1  oorly  designed  current  transformer  may  tear  itself 
■I part  when  a  short-circuit  occurs  due  to  the  large  me- 
chanical stresses  developed.  In  order  to  successfully 
withstand  short-circuit  stresses  the  transformer  coils 
should  be  eleptical  or  circular,  and  should  be  well 
braced  to  prevent  movement.  The  current  trans- 
former should  be  especially  well  insulated  for  tire  rea- 
sons mentioned  above.     The  insulation  must  be  amply 


i-uflicient  to  withstand  the  voltage  to  ground  and 
should  be  capable  of  taking  care  of  surges,  etc.  A 
margin  should  be  allowed  to  insure  against  discontinu- 
ance of  service.  In  addition,  the  current  transformer 
should  be  capable  of  withstanding  considerable  over- 
loads for  reasonable  lengths  of  time  without  overheat- 
ing. In  this  respect,  it  should  be  designed  to  carry  the 
same  overloads  as  the  rest  of  the  apparatus.  The 
matter  of  desirable  accuracy  is  the  same  as  in  the  case 
of  potential  transformers. 

GENERAL    CONSIDERATIONS 

In  addition  to  the  above  qualifications,  instrument 
transformers  should  be  readily  adaptable  to  the  general 
layout.  Such  factors  as  adaptability,  appearance, 
uiggedness,  etc.,  are  matters  that  should  not  be  entirely 
overlooked.  A  current  transformer  of  the  through 
type,  i.e.,  one  in  which  the  terminals  are  placed  dia- 
metrically opposite,  lends  itself  well  to  general  switch- 
board practice.  This  applies  of  course  primarily  to 
the  lower  voltage,  dry-type  transformers. 


Harry  S.  Smith 

General  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

r  .SOAIETIMES  IIAI'PEXS  that  electrical  energy     r.p.m.  can  be  used  advantageously.     Today  high  speed 
is  desired  at  some  frequency  other  than  that  of  the     motors  are  applicable,  as  a  component  part  of  the  ap- 


■*•  available  supply.  The  object  may  be  to  control  the 
speed  of  some  motor  by  varying  the  applied  frequency ; 
it  may  be  to  obtain  a  higher  frequency  simply  to  be  able 
to  drive  two-pole  motors  at  higher  speeds  than  would  be 
otherwise  possible;  or,  it  may  be  to  obtain  low  fre- 
quencies in  order  to  be  able  to  operate  some  kind  of 
mechanical  vibrator.  So  far,  the  only  means  of  obtain- 
ing this  change  .in  frequency  has  been  through  special 
rotating  apparatus,  i.e. — a  motor-generator  set,  a  motor- 
converter  set  (commutator  machine),  or  an  induction- 
type  set. 

An  niduction-type  frequency  changer  set  usually 
consists  of  two  machines,  one  of  which  is  very  similar, 
it  not  exactly  like,  a  standard  wound-rotor  polyphase 
mduction  motor;  the  other  machine  may  be  either  an 
alternating-current  or  a  direct-current  machine,  and 
may  function  either  as  a  motor  or  as  a  generator,  de- 
pending upon   the   arrangement   of   connections   used. 


1  aratus,  to  internal  grinding  machines,  separators  end 
centrifugals,  sensitive  drills,  as  well  as  shapers,  sur- 
faces, planers  and  many  other  wood  working  machines. 
These  are  driven  by  small  two-pole  motors  and,  of 
course,  require  higher  frequencies  than  6o  cycles. 
Close  voltage  regulation  is  not  iuiportant  for  two  rea- 
sons; first,  because  the  two-pole  motors  have  naturally 
high  pull-out  torques,  and  second,  because  a  part  of  the 
drop  in  voltage  is  accompanied  by  a  drop  in  frequency. 
This  latter  characteristic  helps  to  maintain  a  stiff  pull- 
out  torque.  Another  case  to  be  considered  is  where  a 
lower  frequency  is  required  to  operate  solenoids  in  vi- 
l/iating  machiner}-. 

Usually  the  amount  of  i>ower  used  in  the  above 
;ipplication  would  warrant  buying  an  induction-type  set 
lather  than  a  standard  alternating  current  to  alternating 
current  motor-generator  set.  Because,  for  example, 
where  loo  kw  is  required,  the  latter  set  would  consist 


he  member  first  mentioned,  having  the  wound  rotor,  is     "^  two  loo  kw  machines;  whereas,  in  some  cases,  if  an 


the  frequency  changer  part  of  the  set.  The  second 
riember  serves  to  determine  the  operating  speed  of  the 
frequency  changer,  and  incidentally  to  supply  or  take 
mechanical  pov.-er  from  it  over  the  common  shaft. 

The  induction-type  changer  is  successfully  used 
\^hf re  the  power  at  the  new  frequency  is  comparatively 
small,  and  where  the  voltage  regulation  of  from  lo  to 
75  percent  resulting  from  such  a  machine  is  not  ob- 
jectionable. Successful  applications  exist  in  several  in- 
dustries  where  motor  speeds  of   from   5000  to   iSooo     of  operation  of  such  a  machine— an  explanation  com- 


induction-type  set  is  used  the  machines  need  be  oniv  50 
kw  each.  This  would  be  true  where  the  change  was 
from  60  to  120  cycles.  Where  the  driving  motor  is  a 
^(]uirrel-cage  motor,  the  set  would  be  less  complicated. 
.\nother  reason  for  the  use  of  this  type  is  the  fact  that 
]Mactically  standard  industrial  motors  can  be  used. 

THEORY   OF  OPERATION 

The  purpose  in  the  following  paragraphs  is  to  give 
.1  simple,  easy-to-grasp  explanation  of  the  fundamentals 
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plete  in  itself.  As  a  secondary  purpose  it  is  to  suggest 
possibilities  of  further  theory  ana  applications,  to  itiose 
interested  enough  to  explore  beyond  the  scope  ot  this 
article. 

When  the  rotor  of  an  induction  motor  is  revolving 
El  synchronous  speed,  the  frequency  and  voltage  ot  the 
secondary  circuit  is  zero;  because  the  rotor  conductors 
are  moving  across  the  stator  core  teeth  at  the  ?ame 
speed  as  the  rotating  magneting  field,  and  hence  are 
stationary  in  that  field.  However,  if  the  rotor  is  held 
a',  a  speed  somewhere  below  synchronism,  or  rotated 
above  synchronism,  the  voltage  and  frequency  of  the 
rotor  will  take  a  value  which  increases  directly  as  the 
difference  between  the  rotor  speed  and  the  synchron- 
ous speed.  If  the  rotor  be  locked,  the  secondary  fre- 
quency is  the  same  as  that  of  the  primary,  and  the  volt- 
age is  equal  to  that  of  the  primary  multiplied  by  a  ratio 
of  transformation.  Rotating  the  secondary  against  the 
rotating  magnetic  field  of  the  primary  will,  of  course, 
produce  a  higher  voltage  and  a  secondary  frequency 
greater  than  that  of  the  primary  circuit. 

The  arrangement  pictured 
in  Fig.  I  is  the  one  usually  cm- 
ployed,  especially  where  the 
generated  frequency  is  to  be 
greater  than  that  of  the  supply. 
Assuming  60  cycles  supply  and 
that  the  rotor  is  being  driven 
against  the  rotating  magnetic 
field  so  as  to  generate  120  cycles 
at  the  rotor  rings ;  a  good  idea 
of  the  path,  direction  of  flow, 
FIG.  I — ARR.\NGEMENT  Of  and  distribution  of  power  flow- 
iNDucTioN  TYPE  FRE-      ■       thfough  the  Set   Can  be  se- 

QUENCY  CHANGER  SET  "  ° 

cured  from  Fig.  2. 

Fig.  3  represents  another  way  of  observing  what  is 
going  on  inside  the  wound-rotor  machine.  The  vectors 
representing  the  rotor  circuit  are  values  which  are  the 
primary  equivalents  of  the  secondary.  In  other  words, 
the  ratio  of  the  turns  in  the  secondary  winding  to  the 
turns  in  the  primary  winding  is  assumed  to  be  i  to  i. 
The  symbols  represent  values  as  follows : — 

£1  =  The  full  primary  line  voltage. 

£:  :=  The  secondary  voltage  nnder  locked  condition. 

£j  (S-l)  =  That  part  of  the  voltage  generated  in  the  rotor 
which  is  due  to  the  counter  rotation,  when  the  rotor  is  driven 
backward. 

SE2  =  £:  +  £•  (S-r)  =  The  total  voltage  generated  in  the 
rotor  windings  by  the  magnetic  field. 

Es^o  =  The  resultant  terminal  voltage  of  the  secondary 
after  the  resistance  and  reactance  drops  are  subtracted. 

/;  =  The  secondary  current. 

h  =  The  primary  current. 

/n  =  The  no-load  current  in  the  primary. 

/n.  ^=  The  magnetizing  current  in  the  primar>'. 

/,,  =  The  power  component  of  the  primary  no-load  current. 

,S'  =  The  slip,  or  the  ratio 
Synchronous  r.p.m.  —  Running  r.p.m.* 
Synchronous  r.p.m. 

r,  ^=  The  resistance  of  the  priman-. 

r,  =  The  resistance  of  the  secondary. 

Xt  =  The  reactance  of  the  primary. 

,Y;  •=  The  reactance  of  the  secondary. 

$  =  The  angle  of  lag  of  the  output  current  behind  the  volt- 
age generated  in  the  secondary. 

'       *(NoTE — r.p.m.  against  the  rotating  field  is  to  be  considered 
negative.) 


For  convenience,  consider  all  the  symbols  as  re- 
presenting values  limited  to  one  internal  phase  of  a 
three  phase  machine.  The  total  power  generated  within 
the  secondary  winding  is  ^SEJ„cosd,  and  this  is  divided 
into  two  parts :  first,  that  which  is  generated  by  the 
liiovemeiit    of    the    primary    flux,    and    which    comes 


Input  by  the 
ilrh'iiifi  motor 


Mechanical  Power 
Reappears  as  Additional 
Secondary  Voltage 

Fl;i.  2 — IlISTRinUTION  OF  POWER 
1-LOWlNG    THROUGH    SET 

through  the  primary  winding,  s^J^cosO;  and  second, 
that  which  is  due  to  the  counter  rotation  of  the  shaft, 
and  which  is  equal  to  jE2(S-i)L_cos8.  This  second 
ccnnponent  of  the  power  simply  grows  out  of  the  in- 
crease in  voltage  over  the  locked  voltage,  and  is  supplied 
l.v  the  driving-motor  B,  which  furnishes  this  power  by 
rotating  the  shaft  against  the  resisting  forces  which 
r.nist  necessarily  exist  between  the  stator  flux  and  the 
rotor  current.  Another  way  of  stating  the  same  'S  as 
follows : 

(  Walls  OutfulX  /  Rotatiiitj    \ 

plus  I     4-     I     ^''^^^<^^  "/     I 

See.  Copper     11    Frequencv    I 
I.<'sscs        /  \    Changer    / 

Of  course  the  secondary  copper  losses  and  the  ro- 
tating losses  are  both 
small  and  m  a  y  be 
omitted  where  the  motor 
applied  is  ten  percent 
higher  in  rating  than  the 
horse-power  calculated. 

The  chart  Fig.  4, 
shows  in  a  graphical 
way  the  different  ca- 
pacities which  a  given 
set  may  possess  if  driven 
at  various  speeds.  The 
conditions  are: — (i)  a 
connection  as  shown  in 
Fig.  I ,  (2)  constant 
primary  voltage  and 
constant  current  values, 
•fby  the  latter  is  meant 
that  the  copper  windings 
are  subject  to  the  same 
current  densities)  and 
(3)  it  is  assumed  that  P>  is  an  adjustable  speed  ma- 
chine.    It  is  of  course  only  approximate,  because  of  the 
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variation  of  the  secondary  iron  losses  as  the  speed  is 
varied. 

In  discussing  this  chart,  it  is  necessary  that  the  two 
machines  of  Fig.  i  be  kept  in  mind.  To  the  left  of  the 
vertical  line  indicating  zero  speed,  B  acts  as  a  motor, 
and  drives  A  against  its  rotating  magnetic  field,  thus 
producing  a  frequency  above  the  standard  line  fre- 
quency. The  power  from  the  line  is  flowing  toward  the 
set  in  the  case  of  both  machines,  and  the  total  capacity 
of  the  set  need  only  be  that  equal  to  the  output  from  the 
secondary  leads.  This  condition  is  good,  and  makes 
better  use  of  the  material  in  the  set  than  certain  other 
conditions  do  as  will  be  shown  later. 

Between  zero  speed  and  the  normal  synchronous 
speed  of  the  frequency  changer,  this  machine  is  operat- 
ing as  a  motor  and  driving  B  as  a  generator;  and  in  this 
way  A  receives,  not  only  all  the  power  output,  but  also 
the  power  imparted  to  B  and  thence  back  to  the  line. 
The  flow  of  power  is  from  the' line  to  A,  and  from  B  to 


FIG.   4 — C.M'ACITIKS  OF  SET  .\T  V.\RIOUS   Sl'EF.DS 

the  line.  The  low  frequency  output  receives  only  the 
difference.  You  can  see  that  this  condition  is  not 
economical  in  the  employment  of  the  material. 

When  A  is  driven  above  synchronism,  the  condi- 
tions are  represented  to  the  right  of  the  line  marked 
Synchronous  Speed.  Here  the  wound  rotor  machine 
serves  as  an  assynchronous  generator,  and  the  power 
flows  from  the  line  to  the  motor  B,  and  some  of  it  from 
the  generator  back  to  the  line.  Again,  the  secondary 
gets  only  the  difference. 

The  following  simple  formula  may  prove  con- 
venient. Where  r.p.m.  means  the  operating  speed  of  the 
set,  and  synchronous  speed  designates  the  synchronous 
speed  of  the  wound  rotor  machine  as  a  motor.  /,  is 
the  line  frequency,  and  /j  is  the  output  frequency. 

Driving  against  the  magnetic  field : — 

_        / r.p.m.  \ 

I'    \  Synchronous  speed  / 

r.p.m.  =  (  —7-  —  I  )  .Synchronous  speed 
Driving  with  the  magnetic  field : — 

/,  =  .    ( '-■/'■'"■  _  A 

\  Syiicliroiious  speed  ' 


r.p.m.  =    (7~-|-  •'^  )  Synchronous  speed 

When  two  machines  of  a  set  are  direct  connected, 
no  matter  what  may  be  the  speed  or  the  secondary  fre- 
quency, the  full-load  torques  of  the  two  machines  must 
be  the  same;  and  hence  the  machines  must  be  of  ap- 
proximately the  same  weight.  Where  ventillating  con- 
ditions are  similar,  it  takes  approximately  the  same 
v.-eight  of  copper  and  iron  to  produce  a  given  full-load 
torque  in  one  commercial  motor  as  in  any  other;  unless 
it  be  a  single-phase  machine.  Of  course  there  are 
many  cases  where  it  may  be  desirable  to  belt  the  two 
machines  together.  Where  the  speed  of  the  wound- 
rotor  machine  is  low,  the  machine  B  may  be  much 
cheaper  if  a  high  speed  unit  can  be  used. 

The  arrangement  shown  in  Fig.  5  is  applicable 
where  a  lower  frequency  is  to  be  generated,  and  is  a 
good  substitute  for  the  connection  in  Fig.  i.  This 
oomes  from  the  fact  that  the  power  flows  only  one  way 


FIG.    5 — ARU.\NGEME.\T    FOR   GEN- 
ERATING   A    LOWER    FREgUENCY 


through  the  set,  and  that  is  toward  the  output  end; 
which  of  course  makes  it  a  desirable  set-up.  A  and  B 
represent  a  simple  concatenated  set,  with  a  tap  run  from 
the  secondary  leads  from  which  to  draw  power.  The 
machine  A  really  functions  as  a  motor,  driving  B  ay  an 
induction  generator;  and  the  power  flows  as  indicated 
by  the  arrows.  A  peculiar  thing  about  the  slip  is  that 
as  the  load  comes  on,  the  speed  of  the  set  rises  instead 
cf  drops,  and  the  secondar}'  voltage  and  frequency  drop 
as  the  result.  The  regulation  should  be  only  a  few  per- 
cent. The  same  rules  govern  the  operating  speed  of 
such  a  set  as  govern  cascade  motor  sets.  The  resultant 
synchronous  speed  is  the  same  as  that  of  a  motor  hav- 
ing a  number  of  poles  equal  to  the  sum  of  the  poles  of 
the  two  machines.  This  applies  to  the  condition  of  di- 
rect cascade,  or  where  both  machines  tend  to  start  in 
the  same  direction.  For  differential  cascade,  or  where 
the  machines  tend  to  start  in  opposite  directions,  the 
resultant  speed  is  the  same  as  that  of  a  motor  having  a 
number  of  poles  equal  to  the  difference  of  the  poles  of 
the  two  machines  used.  The  latter  set  is  not  self-start- 
ing, and  is  of  little  use  in  this  application. 
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VENTILATION   AND  TEMPERATURE   PROBLEMS 
OF  THE  ROTOR 

The  actual  copper  loss  in  the  rotor  may  be  as  much 
as  80  to  100  kw,  and  most  of  the  heat  resulting  from 
this  must  be  radiated  from  the  rotor  air-gap  surface. 
In  addition  there  are  eddy  current  losses  in  the  rotor 
iron,  sometimes  relatively  large,  due  to  the  open  stalor 
slots,  etc.  And  yet  the  excitation,  or  copper  losses  in 
turbo-alternators  are  very  small,  in  percent,  compared 
with  other  types  of  rotating  electrical  machines.  In  a 
30  000  kw,  turbo-alternator,  one-quarter  of  one  percent, 
expended  in  the  exciting  windings,  means  75  kw  loss 
in  the  rotor,  which  must  be  dissipated.  The  rate  of 
heat  dissipation  from  the  gap  surface  of  the  rotor  is 
often  extremely  high.  Four  to  five  watts  per  square 
inch  of  gap  surface  is  not  unusual.     Comparing  this 


FIG.    9 JIAIN     PATHS    OF    HEAT    FLOW 

In  radial  slot  two-pole  rotor 
with  the  0.5  to  i.o  watt  per  sq.  in.  common  in  connec- 
tion with  dissipation  of  the  excitation  heat  in  more 
moderate  speed  machines,  it  may  be  seen  that  the 
above  figures  indicate  a  very  abnormal  rate  of  heat 
dissipation  to  air. 

The  writer  believes  he  was  one  of  the  first  to  use 
purely  air-gap  ventilation  for  the  cooling  of  high-speed 
turborotors,  and  his  early  tests  gave  decided  evidence 
of  the  great  effectiveness  of  this  method.  However, 
there  is  naturally  a  limit  to  the  effectiveness  of  such 
cooling,  for  there  is  some  point  where  the  improvement 
is  quite  small,  with  materially  increased  air  velocities. 
Possibly  air  "cavitation"  comes  m,  as  one  of  the  condi- 
tions which  influence  this  result.  The  effectiveness  of 
the  air,  in  cooling  the  rotor,  depends  upon  the  scouring 
action  of  the  air  on  the  rotor  surface,  the  hot  layers  in 
contact  with  the  metal  being  continually  torn  off  and  re- 
placed by  cooler  air.  Experience  shows  that  this  action 
does  not  appear  to  be  proportionally  effective  with  air 


velocities  above  a  certain  amount.  Apparently  the 
ventilating  air  along  the  air-gap  is  crowded  out  against 
the  stator  surfaces,  and  thus  possibly  may  become  more 
effective  in  cooling  the  stator,  with  the  higher  veloci- 
ties. Under  such  conditions,  sinking  the  stator  coils 
well  below  the  gap  surface  should  be  especially  benefi- 
cial. 

Fig.  9  illustrates  the  arrangement  of  the  rotor  coils 
and  core,  in  cross-section,  in  the  usual  radial  slot  two- 
pole  rotor.  There  are  two  main  paths  of  heat  flow  from 
the  rotor  coils,  namely,  outward  directly  toward  the  sur- 
face, and  inward  to  the  central  body  or  core  and  then 
along  the  metal  of  the  core  to  the  pole  surface  and  to 
the  ends  of  the  core.  Obviously  these  latter  paths  are 
very  much  longer  than  the  former,  but  to  compensate 
for  this,  their  sections  are  relatively  larger,  so  that  the 
density  of  heat  flow  is  correspondingly  lower. 


FIG.     10 DIVISION'    OF    HEAT    FLOW    FOR    IXBIVIin'AL    kOTOk    SLOT    AND 

ITS    WINDING 

Consider  an  individual  rotor  slot  and  its  winding, 
as  shown  in  Fig.  10.  Here  the  first  temperature  drop 
of  importance  is  from  the  copper  to  the  surrounding 
iron,  and  the  supporting  wedges.  The  amount  of  drop 
is  dependent  upon  the  density  of  heat  flow,  thickness 
and  grade  of  insulation,  etc.  The  division  of  heat  flow 
between  the  direct  outward  path  and  the  various  inward 
paths  is  dependent  upon  the  relative  heat  conducting 
characteristics  of  these  paths,  as  determined  by  llieir 
lengths,  cross-sections,  materials,  etc.  The  problem  of 
the  heat  flow  and  distribution  is  somewhat  similar  to 
that  of  the  axial  type  of  stator,  except  that  it  is  more 
complicated. 

In  the  end  windings  of  the  radial  slot  type  of  rotor, 
still  other  problems  of  ventilation  and  heating  are  en- 
countered. The  usual  arrangement  of  the  end  wind- 
ings. Fig.  II,  shows  six  slots  per  pole.  Here  the  end 
windings  are  exposed  to  the  air,  and  should  show  ideal 
conditions  for  ventilation,  provided  good  air  circulating 
conditions    are    obtainable.      A   heavy    supporting   end 
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ring  is  required  over  the  windings,  and  the  coils  must  be 
Vi'ell  insulated  from  this.  This  enclosing  ring  is  a  direct 
hindrance  to  radial  ventilation  between  the  coils.  Num- 
erous ventilating  holes  through  the  supporting  ring  will 
aid,  but  this  in  turn  brings  up  problems  of  surface  leak- 
ages and  creepage  distances,  especially  where  the  end 
windings  have  no  outer  wrappings,  which  is  frequenth- 
the  case.  Outer  wrappings  over  these  end  windings 
tend  to  bulge  and  crush  out  of  shape,  collect  dirt,  etc., 
and,  in  consequence,  some  manufacturers  omit  them  al- 
together, and  more  or  less  completely  enclose  the  end 
windings,  except  from  below,  believing  that  better  insu- 
lating conditions  can  be  obtained  in  this  manner.  To 
compensate  for  the  reduced  ventilation  of  the  windings, 
it  is  not  unusual  to  arrange  ventilatmg  channels  into 
and  through  the  rotor  core,  directly  under  the  rotor 
coils,  as  shown  in  Fig.  12,  fifteen  suitable  radial  outlets 
being  supplied  near  the  core  center. 

IRON   LOSSKS  IN   TURBOGENERATORS 

The  stator  or  armature  core  losses  in  large  turbo- 
generators follow  the  same  laws  as  in  other  types  of 
rotating     apparatus,     (ex- 


FIG.    II — USU.M.  ARR.\NGEMENT 
OF   END   WINDINGS 


cept  possibly  in  degree) 
due  largely  to  the  ab- 
normal magnetic  propor- 
tions. In  the  largest  syn- 
chronous converters,  out- 
puts of  300  kw  per  pole 
are  considered  quite  high  ; 
in  large  high-speed  water- 
wheel  generators,  syn- 
chronous condensers,  etc. 
3000  kw  or  kv-a.  per  pole 
is  unusual;  but,  in  modern 
capacity  turbo-alternators, 
8000  to  10  000  kv-a.  per 
pole  is  accepted  practice 
for  60  cycles,  and  up  to 
20000  kv-a.  per  pole  for 
25  cycles.  Such  enormous 
outputs  per  pole  can  only  mean  abnormal  magnetic  pro- 
portions, compared  with  other  classes  of  electrical  ap- 
pj-ratus.  In  consequence,  special  problems  are  encoun- 
tered, in  the  way  of  losses,  both  in  the  iron  and  in  the 
copper  parts. 

One  of  the  special  conditions  is  the  relatively  high 
voltage  between  laminations,  compared  with  ordinar}- 
tj'pes  of  machines.  For  comparative  purposes  this  may 
be  expressed  in  terms  of  volts  per  inch  of  core.  In 
ordinary  types,  one  volt  per  inch  width  of  core  is  quite 
high,  whereas  in  some  of  the  modern  turbo-alternators 
this  figure  is  doubled,  or  even  more  in  some  instances. 
This,  together  with  the  enormous  plate  surface  per 
pole,  tends  to  exaggerate  eddy  current  losses  in  the  iron. 
The  laminae  must  be  insulated  from  each  other,  better 
than  in  ordinary  machines.  The  eflfects  of  the  burred 
edges  of  the  plates,  due  to  punching,  are  more  pro- 
nounced.    For  instance,  a  two-mil    (0.002  inch)    burr 


is  considered  quite  small  in  punching,  yet  with  17  mil 
plates,  this  burr  represents  about  12  percent  of  ihe 
plate  thickness,  and  several  times  the  depth  of  the  in- 
sulating coating  on  the  plates.  Such  burrs,  under  great 
pressure,  tend  to  cut  through  and  make  metallic  contact 
between  plates.  Such  minute  contacts  may  seem  to  be 
of  minor  importance.  But  in  the  huge  turbo-alterna- 
tors, with  their  high  voltages  between  plates,  the  effects 
of  undue  burr  are  quite  considerable. 

In  the  same  way,  extreme  care  must  be  taken  to 
line  up  the  stator  plates  or  punchings,  so  that  little  or 
no  filing  is  necessary  in  the  coil  slots.  If  the  building 
i-;  uneven,  so  that  individual  laminae  project  into  the 
slots,  these  high  points  should  be  removed,  otherwise 
the  coils  are  liable  to  loosen  in  the  slots  in  time,  through 
concentrated  pressure,  with  consequent  wear  of  the  in- 
sulation at  the  projecting  laminae.  On  the  other  hand, 
if  one  attempts  to  level  down  the  high  laminae  by  filing, 
a?  has  been  not  uncommon  practice  in  other  types  of 
n'achines,  there  is  more  or  less  danger,  due  to  possible 
dragging  over  of  adjacent  laminae,  with  consequent 
metallic  contact. 

Apparently,  pressure  has  a  considerable  effecr  on 
the  losses  in  turbogenerator  cores,  possibly  due  to  the 


^ 


FIG.    12 .\XIAL   .\NI1   RAUl.M.   VENTIUVTING   I  HA.NNi;i..S    1  .N    KOTOR  CORE 

establishment  of  better  contact  between  adjacent  plates, 
the  burr  cutting  through  the  insulating  coating  on  the 
plates.  Quite  often,  in  assembling  tlie  stator  core,  the 
resulting  pressure  is  greatest  next  to  the  ends  and,  in 
practice,  greater  losses  and  higher  temperatures  have  re- 
sulted. To  lessen  the  loss,  by  breaking  up  the  contact 
between  plates,  etc.,  it  is  sometimes  the  practice  to  add 
separating  sheets  of  suitable  paper  at  frequent  intervals 
throughout  the  core,  the  intervals  being  shortened  near 
the  core  ends.  This  has  proven  quite  effective  in 
equalizing  the  losses  and  temperatures  due  to  core  pres- 
sure. In  one  case  where  the  core  losses  were  unduly 
high,  and  there  was  excessive  temperature  in  the  end 
sections,  the  writer  had  the  stator  iron  removed  for 
about  six  inches,  at  each  end,  and  then  replaced,  adding 
sheets  of  fairly  heavj'  "express"  paper  even,'  %  inch. 
With  the  original  amount  of  iron  replaced  in  the  core, 
thus  representing  greater  compactness  and  higher  pres- 
sure than  before,  the  stator  losses  were  down  to 
normal,  and  the  temperatures  were  well  equalized. 
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While  the  effect  of  .the  punching  of  the  platen  is 
to  produce  burrs,  which  may  be  eUminated  to  a  great 
extent  by  further  treatment,  it  also  has  a  harmful  etfect 
in  increasing  the  magnetic  losses  in  the  iron,  apparently 
due  to  the  shearing  effect.  The  action  of  punching  or 
shearing  seems  to  affect  the  material  in  proximity  to 
the  sheared  edges.  Consequently  the  harmful  effect  is 
krgest,  where  the  sheared  edges  bear  a  high  ratio  to  the 
total  iron,  that  is,  at  the  teeth.  Annealing  after  punch- 
ing may  often  show  a  gain  sufficient  to  warrant  the  ad- 
ditional expense. 

ARMATURE  COPPER  LOSSES  IN  TURBOGENERATORS 

Like  the  iron  losses,  the  armature  copper  losses 
follow  the  laws  of  ordinary  machines,  except  in  degree. 
There  are  three  principal  losses  to  be  considered, —  (i) 
the  usual  C-R  due  to  the  load  current,  (2)  eddy  cur- 
rents in  the  conductors  due  to  the  flux  across  the 
armature  slots  set  up  by  the  armature  load  current,  and 
(3)  the  eddy  currents  in  the  coils  set  up  by  the  main 
field,  or  gap,  flux  entering  the  top  of  the  armature  slots. 
Loss  (i)  is  taken  care  of  by  a  suitable  section  of  con- 
ductor. Loss  (2)  may  be  quite  large  in  large  turbo- 
r:lternators,  due  to  the  fact  that  the  ampere-wires  per 
slot  are  quite  large  in  many  cases,  the  number  of  slots 
being  small  due  to  the  physical  limitations  of  the  dimen- 
sions of  the  machines.  This  means  relatively  deep 
slots  and  coils,  and  a  tendency  for  excessive  local  cur- 
rents, unless  unusual  sub-division  or  lamination  of  the 
conductors  is  resorted  to,  this  being  done  quite  com- 
pletely in  modern  practice.  Loss  (3)  due  to  gap  or 
field  flux  penetrating  the  slot  and  armature  conductor  is 
dependent  upon  the  amount  of  such  flux,  which  in  turn 
depends  upon  the  proportions  of  the  slot  with  respect  to 
the  gap,  etc.  At  first  glance,  one  would  be  inclined  to 
say  that,  with  a  small  air-gap,  the  gap  flux  would  pene- 
trate the  armature  slot  more  than  with  a  wide  gap  but, 
in  fact,  the  opposite  is  the  case.  With  the  large  gap, 
the  relative  lengths  of  the  flux  paths  into  the  slots  are 
shorter,  compared  with  the  direct  iron-to-iron  paths, 
than  with  a  short  gap,  other  conditions  being  equal,  and 
consequently  the  fringing  into  the  slots  will  be  greater. 
Fig.  13.  An  obvious  means  for  lessening  this  flux  is 
to  sink  the  armature  conductors  a  considerable  distance 
below  the  gap  surface,  and  this  is  common  practice  in 
modern  machines.  Fairly  large  air-gaps  are  necessary- 
en  large  turbogenerators;  so  that,  without  special  pre- 
cautions, such  as  sunken  coils,  well  laminated  conduc- 
tors, etc.,  the  losses  from  the  gap  flux  would  be  much 
larger  than  in  usual  types  of  machines. 

The  lamination  of  the  conductors  of  turbogenera- 
tors has  been  quite  a  problem.  Various  methods  of 
subdivision  and  of  insulation  of  the  individual  strands, 
have  been  tried.  Enamels  and  varnishes  of  various 
sorts,  cotton  coverings,  and  taping  with  mica  paper  have 
been  used.  Due  to  the  high  temperatures  inside  the 
coils  themselves,  which  almost  invariably  occur  in  large 
turbogenerators,  the  use  of  mica  on  the  individual 
strands  appears  to  be  the  only  really  safe  and  satisfac- 


tory method,  just  as  mica  in  the  outside  wrapper  re- 
presents the  best  practice.  In  order  to  subdivide  the 
large  conductors  more  completely,  it  is  a  not  infre- 
quent practice  to  subdivide  the  armature  circuits  into 
two  or  more  parallels,  by  which  means,  certain  trans- 
positions of  the  conductors  and  their  elementary  strands 
can  be  obtained,  with  consequent  reduction  in  the  eddy 
current  losses. 

VOLUME   OF    COOLING   AIR   AND   WINDAGE   LOSSES 

Reference  has  been  made  to  .the  difficulties  in  ob- 
taining the  requisite  cooling  air.  It  is  the  enormous 
volume  of  air  required  that  is  back  of  much  of  the 
difficulty.  As  a  rough  approximation,  assume  the  total 
generator  losses,  including  windage,  as  four  percent  of 
the  rated  capacity;  or  the  loss  in  kilowatts  is  equil  to 
0.04  X  kw  capacity.  Also  accepting  the  well-known 
relation  that  one  kv  loss  will  raise  the  temperature  of 
100  cubic  feet  of  air  18  degrees  C.  in  one  minute,  then 
four  cubic  feet  of  air  per  minute  is  required  per  kw  ca- 


Fl:;.     1,3 F.EL.vriVK    LENGTHS    OF    FFCX     PATHS 

With  large  and  short  air-gaps 
pacity  of  the  machine  for  18  degrees  C.  rise  of  the  air, 
or  three  cubic  feet  per  kw  for  24  degrees  C.  rise.  This 
is  only  a  crude  statement  of  the  problem,  buf  it  in- 
dicates that  for  a  30  000  kw  or  kv-a.  generator,  a  total 
of  about  90000  cubic  feet  of  air  per  minute  is  required. 
This  volume,  in  practice,  will  actually  lie  between 
75  000  and  100  000  cubic  feet,  depending  upon  the  total 
losses,  (including  windage  itself),  and  upon  the  air 
temperature  rise  allowed.  In  any  case  it  is  very  large 
and  the  real  problem  is  to  obtain  sufficient  cross-sec'ion 
of  air  inlet  without  unduly  high  air  velocities.  Assum- 
ing a  maximum  velocity  of  9000  feet  per  minute,  the 
minimum  cross-section  of  the  air  path  must  be  about 
nine  square  feet,  or  equivalent  to  an  opening  three  feet 
square, — an  apparently  impossible  figure  from  casual 
observation  of  the  air-gap  and  other  air  channels 
through  the  machine.  But  even  9000  ft.  air  velocity  is 
very  high  and  means  quite  considerable  pressures  for 
forcing  the  air  through  the  michine,  with  conse(|uent 
high  windage  losses. 
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Whether  the  core  loss  proper  be  taken  care  of  by 
axial  or  radial  duct  ventilation,  a  large  volume  of  air  is 
required  to  take  up  the  total  gap  losses  and  this  akme 
means  comparatively  large  windage  losses.  With  any 
reasonably  well-designed  method  of  ventilation,  it  is 
possible  to  get  the  requisite  air  through  the  machine 
with  the  desired  cooling  effect,  provided  suitable  pres- 
sure is  obtainable.  However,  the  higher  the  pressure 
with  a  given  volume  of  cooling  air,  the  higher  wiU  be 
the  losses,  other  conditions  being  approximately  the 
same.  In  consequence,  there  is  a  limit  to  the  per- 
missible pressure  which  can  be  used. 

The  efficiency  of  the  fan  which  provides  the  pres- 
sure, is  an  element  of  the  problem,  but  when  one  con- 
siders that  more  than  one-half  of  the  total  windage  loss 
is  inside  the  machine  and  independent  of  the  fan  itself, 
it  is  evident  that  the  fan  efficiency  is  not  a  dominating 
feature,  although  it  is  important. 

The  problem  of  artificial  cooling  is  more  complex 
it'  the  turbogenerator  than  in  any  other  type  of  electric 
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FIG.    14 — APPLICATION    OF 
TEMPERATURE    INDICATOR 


FIG.    15 — INDICATORS    IN 
SF.PAKATE    FIBRE    CELI.S 


machine,  and  it  may  be  said  that  more  engineering  eiYort 
has  been,  and  is  being  spent  on  this  than  any  other 
problem  in  this  class  of  apparatus.  Each  step  upward, 
in  capacity  or  in  speed  opens  the  problems  anew,  for  in 
each  of  the  preceding  advances  the  designers  have 
usually  strained  to  the  utmost  to  meet  the  necessities  of 
the  case. 

To  the  uninitiated,  the  volume  and  the  weight  of 
air  required  to  cool  the  modern  turbogenerator  is  al- 
ways a  matter  of  surprise.  Without  the  figures  before 
one,  it  is  almost  unbelievable  that  a  modern  large  ca- 
pacity turbogenerator  puts  through  itself  practically  its 
own  weight  in  cooling  air  in  forty  to  sixty  minutes. 
Obviously,  unless  this  air  is  clean,  the  total  amount  of 
dirt  and  other  foreign  substance  which  pass  through  the 
machine,  in  even  a  few  days'  time,  will  be  enormous, 
and  a  very  small  percentage  of  this,  deposited  inside  the 
machine,  may  soon  seriously  clog  the  ventilating  pass- 
ages and  thus  interfere  with  the  operation  of  the  ma- 
chine. This  indicates  why  air  washers  and  other  de- 
vices, for  preventing  or  lessening  the  admission  of  dirt, 
liave  become  almost  a  necessity  in  such  machiner}'. 
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TEMPERATURE   DETERMINATION 

There  are  two  special  problems  in  the  temperature 
determination  of  large  turbogenerators,  namely,  location 
of  the  hottest  part,  and  measurement  of  the  temperature 
by  such  method  as  will  give  a  fairly  close  approxima- 
tion to  the  actual  results.  The  former  problem  is  easier 
than  the  latter,  as  it  simply  involves  a  multiplicity  of 
measurements  on  a  given  type  or  construction  of  ma- 
chine, until  a  reasonably  accurate  location  is  deter- 
mined, which  may  be  applied  on  other  machines  of  the 
same  type. 

The  second  problem  is  difficult.  If  one  could  apply 
temperature  indicators  directly  to  the  copper  itself,  of 
course  the  actual  highest  copper  temperatures  could  be 
obtained  directly.  But  this  is  not  practicable  except 
under  what  may  be  called  laboratory  conditions.  The 
requisite  continuity  of  the  insulation  over  the  copper 
makes  difficult  any  measurement  directly  on  the  copper 
itself.  Therefore,  certain  approximate  methods  have 
been  adopted,  which  have  proven  fairly  satisfactory,  but 
which  must  be  used  with  judgment.  The  results  are  de- 
pendent upon  the  method  of  ap- 
plication, the  type  of  ventilation 
used  and  other  considerations. 
The  method  now  used  most  ex- 
tensively depends  upon  the  plac- 
ing of  the  temperature  indicator 
between  upper  and  lower  coils 
in  the  same  slot,  and,  therefore, 
is  predicated  upon  the  two-coils- 
per-slot  arrangement,  which  is 
the  common  practice  in  this 
countiy.  The  theory  of  the 
method  is  based  upon  the  prin- 
ciples of  heat  flow  from  the  two 
coils. 

Thus  in  Fig.  14,  arrows 
indicate  the  general  paths  of  heat  flow  from 
the  two  coils.  Assuming  the  copper  temperatures 
of  the  two  coils  as  equal,  and  the  width  of  the 
coils  to  be  considerable,  then  at  the  mid-point  a 
between  the  upper  and  lower  coils  the  temperature 
should  be  practically  midway  between  the  upper  and 
lower  copper  temperatures,  and  an  indicator  at  this 
point  should  show  about  the  same  temperature  as  the 
copper.  This  is  not  exactly  true,  for  there  is  some  heat 
flow  along  the  insulation  from  the  mid-point  a,  so  that 
this  point  will  probably  be  slightly  lower  than  the  true 
mid-temperature  between  the  coils.  A  point  h,  between 
the  coils  but  at  the  corner  next  the  iron  should  have  a 
temperature  ver>'  nearly  equal  to  that  of  the  iron  itself. 
Its  temperature  should  thus  be  very  much  lower  than 
that  of  a.  Between  h  and  a  there  should  be  intermediate 
temperatures,  depending  upon  the  distance  from  the 
center  point  a.  It  should  be  obvious,  therefore,  that  a 
temperature  indicator  covering  practically  the  full  width 
of  the  slot,  will  show  some  average  value  between  h  and 
a.  Therefore,  for  greatest  accuracy  the  indicator  slinuld 
be  as  narrow  as  possible,  and  be  placed  at  a. 


FIG.    16 — TEMPER.ATURE 
INDICATORS   IN   A   SINGLE 
HARD   FlURE  CELL 
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Another  consideration  involves  the  method  of 
applying  the  usual  slot  cells.  Turbo-armature  coils  are 
commonly  "pushed  home"  in  hard  fibre  cells  placed  next 
to  the  iron.  This  serves  as  a  protection  for  the  insula- 
tion proper,  in  putting  the  coil  in  place,  and  also  makes 
a  tighter  fit  in  the  slot.  There  are  two  general  methods 
of  applying  these  cells.  In  one,  the  cell  is  placed  over 
the  lower  coil,  and  then  folded  over  its  upper  side,  either 
during  manufacture  of  the  coil,  or  before  the  upper  coil, 
v/ith  a  corresponding  cell,  is  put  in  place.  Fig.  15.  In 
the  second  arrangement,  the  two  coils  are  set  in  a  single 
cell,  which  is  then  folded  over  the  top  one,  as  in  Fig.  16. 

With  the  two-cell  arrangement,  there  are  three 
places  to  put  the  temperature  indicator, —  (i)  below  the 
upper  coil  and  inside  the  cell, —  (2)  above  the  lower  coil, 
but  inside  the  cell,  and  (3)  between  the  upper  and  lov>rer 
cells.  In  position  ( i )  the  indicator  will  tend  to  show 
more  nearly  the  temperature  of  the  upper  coil,  while  in 
(2)  it  tends  to  indicate  more  nearly  the  lower  coil  tem- 
perature. When  placed  in  position  (3)  it  should  be 
intermediate  between  (i)  and  (2),  provided  this  posi- 
tion is  thoroughly  shielded  from  external  influences. 


FIG.      17 — .-APPLICATION     OF     TEMPERATURE     INDICATORS     TO     STATORS 
HAVING    BOTH     AXIAL    .\ND    RADIAL    VENTILATION 

In  the  single  cell  arrangement,  there  is  but  one  loca- 
tion for  the  indicator  between  the  coils  unless  a  separat- 
ing strip  of  appreciable  thickness  is  placed  between  the 
upper  and  lower  coils.  Obviously,  with  this  single  cell, 
the  indicator  is  well  shielded  from  external  influences, 
such  as  the  ventilating  air,  that  might  come  in  contact 
with  the  measuring  device  at  the  radial  air  ducts. 

Considering  next,  the  application  of  such  indicators 
to  the  axial  and  the  radial  types  of  stators,  it  will  be 
noted  that,  if  the  indicator  be  located  as  indicated  in 
Fig.  17,  at  point  a,  there  is  no  chance  for  the  ventilating 
air  to  come  in  contact  with  the  indicator,  regardless  of 
vvhether  the  single  or  double  slot  coil  arrangement  is 
used. 

Hovi-ever,  if  placed  in  the  central  radially  ventilated 
section  or  zone,  the  conditions  may  be  quite  different, 
but  not  necessarily  so,  depending  upon  the  construction 
and  application  of  the  indicator,  etc.  Here  the  coils  are 
partly  embedded  in   iron   and  lie  partly  in   the   radial 


ventilating  ducts.  The  indicated  result  will  depend 
upon  whether  the  measurement  is  taken  at  a  or  b,  for 
instance.  Fig.  18.  This  difference,  however,  may  be 
quite  small  if  the  detector  is  thoroughly  shielded  fiom 
the  ventilating  air  in  the  duct.  It  may  be  suggested 
that,  as  the  coils  are  ventilated  in  the  duct,  the  indicator 
should  be  ventilated  also.  But  we  are  not  after  the 
temperature  of  the  outside  or  exposed  surface  of  the 
insulation,  but  are  attempting  to  approximate  the  in- 
ternal copper  temperatures.  The  indicator  should  thus 
be  as  well  shielded,  if  possible,  as  the  copper  inside  the 
coils.  The  single  slot  cell  arrangement  thus  appears  to 
be  more  accurate  than  the  double  cell,  with  the  indicator 
outside  the  cells,  when  the  indicator  is  placed  close  to, 
01  bridges  one  or  more  ventilating  ducts.  Thus,  in  the 
axially  ventilated  type  of  stator,  the  ventilating  device 
should  not  be  used  in  the  central  radially-ventilated 
zone,  unless  unusual  precautions  are  taken  to  avoid  the 
discrepancies  which  are  liable  to  result. 

Thus  a  certain  amount  of  judgment  and  skill  is 
I'ecessary  to  obtain  the  closest  possible  approach  to  the 
true  copper  temperatures.     Furthermore,  the  problem  is 
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TEMPERATLTRES      IN      CENTRAL     RADIALLY 

VENTIL.VIED    ZONES 


complicated  by  the  fact  that  the  upper  coil  in  the  slot  is 
liable  to  be  hotter  than  the  lower  one,  due  to  higher 
eddies  in  the  upper  copper.  At  best,  therefore,  the 
method  as  a  whole  is  only  an  approximation,  but  it  gives 
so  much  closer  to  the  correct  result  than  any  of  the 
measuring  methods  in  use  a  few  years  ago,  that  it 
marks  a  decided  step  in  advance  in  generator  tempera- 
ture measurements. 

As  far  as  temperatures  in  the  stator  are  concerned, 
ihey  are  not  of  serious  importance  except  as  they  have 
an  influence  on  the  copper  and  insulation  temperatures, 
;'.nd  even  the  copper  temperature  in  itself  is  of  import- 
ance only  as  it  affects  the  insulation.  In  fact,  it  is 
solely  the  insulation  durability  which  we  are  after,  in 
the  last  analysis.  The  improvements,  and  refinements 
in  design,  betterments  in  the  grade  of  insulation,  inno- 
vations in  ventilation,  etc.  all  are  directed  to  the  one 
end,  not  the  temperature  itself,  but  the  factor  of  safety 
cf  the  insulating  materials. 
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W.M.  Nksimt 

The  "localized  capacitance"  or  "localized  admittance'  methods  are  discussed  below  for  the  two  following 
reasons.  A  discussion  of  them  is  of  academic  interest  and  a  tabulation  of  the  magnitude  of  the  errors 
in  the  results  as  obtained  by  these  approximate  methods  when  applied  to  circuits  of  different  lengths  and 
frequencies  should  be  helpful.  These  methods  may  bj  carried  out  either  graphically  or  mathematically,  but 
since  they  are  only  approximate  the  simpler  graphical  solution  should  suffice.  Their  principle  virtue  is 
the  fact  that  they  simplify  the  determination  of  performance,  but  this  is  obtained  at  the  expense  of  accuracy. 
The  more  accurate  of  these  methods  is  somewhat  tedious  to  carry  out.  The  graphical  solution  previously 
described  in  connection  with  the  Wilkinson  charts  will  be  generally  more  accurate  and  shorter  than  these 
localized  capacitance  methods. 


THE  LOCALIZED  CAPACITANCE  methods 
are: — the  single  end  condenser  method;  the 
middle  condenser  or  T  middle  condenser  or  'i 
method;  the  split  condenser  or  nominal  tt  method  and 
Dr.  Steinmetz  three  condenser  method.  The.se  four 
lumped  capacitance  inethods  assume  the  total  capaci- 
tance of  the  circuit  as  being'  duvided  up  and  "lumped" 
in  the  form  of  condensers  shunted  across  the  circuit  at 
one  or  more  points. 

problem  "x  ' 

KV-Aln""  6,000  kv  a         Ej,^=  60.046  volts 

KWln^  6,400  kw  9^1^=  90%  lagging 


methods,  usually  an  approximation  to  the  true  value  may 
he  obtained. 

The  middle  condenser  or  7"  method  assumes  that 
the  total  capacitance  may  be  shunted  across  the  circuit 
ai.  the  middle  point.  On  this  assumption  the  total 
charging  current  will  flow  over  one  half  the  leng'^h  of 
the  circuit.  This  method  is  therefore  more  nearly  ac- 
curate than  the  single-condenser  method. 

The  split  condenser  tf  method  assumes  one  half  the 


INEAR  CONSTANT! 
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X  =  249  OHMS 
B  =  0.001663  MHO 
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RIGOROUS  SOLUTION 
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%  ERROR 
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FIG.   54 — SINGLE  END   CONDENSEK   METHOD 

Problem  X. 


The  single  condenser  method  assumes  the  total  ca- 
pacitance as  being  lumped  or  shunted  across  the  circuit 
at  the  receiving-end.  On  this  assumption  the  total 
charging  current  for  the  circuit  would  flow  over  the 
entire  circuit.  Actually  the  charging  current  is  dis- 
tributed along  the  circuit  so  that  the  entire  charging 
current  does  not  flow  over  the  entire  circuit.  Obviously 
the  assumption  of  the  total  capacitance  being  lumped 
at  the  receiving-end  will  therefore  give  over  compensa- 
tion for  the  effect  of  the  charging  current  upon  the 
voltage  regulation  of  the  circuit.  This  method  of  solu- 
tion yields  a  voltage  too  low  at  the  sending  end  by 
nearly  the  same  amount  that  the  straight  impedance 
method  gives  it  too  high.  By  averaging  the  values,  as 
obtained  by  the  impedance  and   single  end   condenser 


capacitance  being  shunted  across  the  circuit  at  each  end. 
In  this  case  one-half  of  the  charging  current  flows  over 
the  entire  circuit.  This  assumed  distribution  of  the 
charging  current  also  more  nearly  represents  the  actual 
distribution  than  the  single-condenser  method. 

Dr.  Steinmetz  has  proposed  a  method  assuming 
three  condensers  shunted  across  the  circuit.  One  in  the 
middle,  of  two-thirds,  and  one  at  each  end,  each  of  one 
sixth  the  total  capacitance  of  the  circuit.  This  method 
is  equivalent  to  assuming  that  the  electrical  quantities 
are  distributed  along  the  circuit  in  a  way  representing 
ar  arc  of  a  parabola.  This  method  assumes  one-sixth 
the  charging  current  flowing  over  one  half  the  entire 
C'rcuit  and  five  sixth  the  charging  current  flowing  over 
the  other  half  of  the  circuit.     This  method  gives  (juite 
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accurate  results  unless  the  circuit  is  very  long  and  the 
tiequency  high. 

Figs.  54-57  show  leaky  condensers  placed  at  dif- 
ferent points  of  the  circuits,  that  is  they  indicate  that 
there  is  a  leak  G,  as  well  as  a  susceptance  B.  For  sim- 
plicity pure  condensers  have  been  assumed  in  the  ac- 
companying calculations ;  that  is  we  have  assumed  G=o. 
This  is  the  usual  assumption  m  such  cases,  for  the 
reason  that  G  is  usually  very  small,  and  localized  ca- 
pacitance methods  are  approximations  at  best.  In  the 
ecjuivalent  v  solution  previously  given,  we  have  in- 
dicated the  treatment  when  the  condensers  have  a  leak. 
In  such  case,  however,  the  equivalent  tt  method  pro- 
duces exact  results,  and  the  nature  of  such  solution  may 
demand  a  condenser  having  a  material  leak. 


Mr. 


AUXILIARY  CONSTANTS 

T.    A.    Wilkinson    and    Dr.    Kennelly    have 


vi'orked  out  the  algebraic  expressions  for  the  auxiliary 


receiving-end.     In  such  case  the  entire  charging  current 
would  flow  over  the  total  length  of  the  circuit. 

Solution  by  Impedance  Method — The  diagrams  of 
connections  and  corresponding  graphical  vector  solution 
for  problem  X  by  the  single  end  condenser  method  is  in- 
dicated by  Fig.  54.  The  current  DN  consumed  by  the 
condenser  (zero  leakage  assumed)  leads  the  receiving- 
end  voltage  OR  by  90  degrees  and  is, — 

/c  =  0.001563  X  60.046  =;  93.852  ainficrcs. 

The  load  current  of  99.92  amperes,  lagging 
25°  50'  30"  (90%  power-factor)  has  a  component  OA 
of  pp.p2  X  O.po  =  89.928  amperes  in  phase  with  the  re- 
ceiving-end voltage  and  a  component  AD  of  99.92  X 
'■''■4359  =  43-555  amperes  in  lagging  quadrature  with  the 
receiving-end  voltage.  This  lagging  component  is 
therefore  in  opposite  direction  to  the  charging  current, 
the  effect  of  which  is  to  neutralize  an  equivalent  amount 
of  charging  current.  The  remaining  current  AN  in 
leading   quadrature   with    the   receiving-end    voltage   is 


NEAR   CONSTANTS 


NEUTRAL 
RESULTS  CALCULATED  BY 

RIGOROUS  SOLUTION 

NOMINAL   SPLIT 

CONDENSER 

METHOD 

%  ERROR 

EsN=  70.652  VOLTS 

ls=  94.75  AMPS. 
PFs=  +  93.42% 
1_OSSn=''65KW 

72,319  VOLTS 
91.962  AMPS. 
+  93.979% 
851  KW 

+  2.36% 
-2.94% 
+  0.59% 
-0.47% 

9,449  VOLTS 


FIG.    55 — NOMINAL    TT   OR   SPLIT   CONDENSER    METHOD 

Problem  X. 


t.nstants  corresponding  to  these  four  circuits  of  local- 
ized capacitance.  These  are  given  in  Table  Q.  It  may 
be  interesting  to  observe  to  what  extent  each  of  the  four 
localized  capacitance  methods  takes  account  of  the  three 
linear  line  constants  R,  X  and  B.  The  rigorous  or  exact 
expression  for  the  auxiliary  constants  is  given  under 
Table  Q  for  comparison  with  the  values  corresponding 
to  the  localized  condenser  methods.  The  numerals  un- 
der the  algebraic  expressions  correspond  to  problem  A' ; 
that  is,  to  a  certain  60  cycle  circuit,  300  miles  long. 
They  are  given  to  illustrate  for  a  long  circuit,  the  ac- 
count taken  of  the  fundamental  constants  for  each  of 
the  five  methods  listed.  These  numerals  may  be  com- 
pared with  the  rigorous  or  exact  values  as  given  under 
the  rigorous  expressions  at  the  bottom  of  the  table. 

SINGLE  END  CONDENSER   METHOD 

This  method  assumes  that  the  total  capacitance  of 
the  circuit  may  be  concentrated  across  the  circuit  at  the 


93.852  —  43-555  =  50.297  amperes.     The  current  ON 
in  the  conductor  is  therefore: — 


/.  =  y  (89.928)=  -F  (50.297)= 

=  103.038  ampere;. 


The  current  at  the  sending-end  leads  the  voltag'.'  at 
the  receiving-end  by  the  angle  On.  whose  tangent  is, — 
50297  o      ,     ,„ 

8^:^  =  -'-^  '^  °^ 

The  voltage  consumed  by  the  resistance,  and  the  re- 
actance of  each  conductor  is, — 

IR  =  103.038  X  105  =^  10 819  Volts  {rcshlance  drop) 
IX  =  103.038  X  240  =  25656  Volts  {n-aclancc  drop) 

The  receiving-end  conditions  are  thus, — 

/„  =r  103.038  amperes 
$n  =  29°  13'  06" 
Cos  Bu  =  0.8772 

.S'in    Or  =  O.4S81 

and  from  (40)*, — 


*p.  76,  Feb.  1920. 
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E.„  = 


|/(r)oo40  X  0,8727+  10819)'  +  (60046  X0.4881  —  25656)" 

=  63320  \.l"   18'  ,i7"  Volls  lo  Vfclur  ON 
~  633.^9  /■^.S"  54'  39"  fo/'J  '"  vector  of  rcfficitcc. 
I'p,  —  Cos  /},"  iS'  27"  -^  W'U7  pcrcciil  liiidiiiij. 

/v ;/-/;.„  =j  103.038  X  (iiii<>  ~  O525  /.■iz-d. 

A'//'.„  =:  65J5  X  0.0WZ7  --.6520  kw. 
LoM„  — •  6i;jo  —  5-100  —  1 120  <■». 

Solution  by  Complex  Quantities — From  Table  Q 
llie  aiixiliuiy  constants  corresponding  to  the  single  end 
condenser  method  arc  found  as  follows: — 

Oi  •=  I  -    Xli  -■--  0.610813 

<lt  c=  liU  =:  0.l6(lllS 

bi  =  R  —  105  ohms. 
■b,  —  X  ~  240  ohms. 
c,  —  0 
f,  =:  13  :—  0.001563  mho. 

The  voll.if^'c   ;il    \\\Q   sending  end   is   delcrminod   as 

follows:-  — 

/l.    ((   r/V  «,.  •   -  /    S,»   fl,.)    -   8<J.(J28  —  y  43.555 

/.  (!',    I    >  Ih)  ■■  ■  202W)    I-  ;  17819 
I  /  ,„    ((/,   .|.  ;   ,;,;   ^  36677  +   ;     <AS4 


/:'.„  :      .SC'Ai 


27  673 


;6(/)3  -4-  ; 
<'3  3-''-»  Z-'S"  51'  ■)'<" 


volls. 


end  is  completely  determined  by  the  load  current  at  the 
leceiving-end  and  the  vector  addition  thereto  of  the  cur- 
rent sujjplied  at  that  end  to  the  condenser  under  receiv- 
ing-end voltage.  For  determining  the  sending-end  volt- 
age A'v  r=  /  -|-  YZ  and  IJ'v  ^=  ^ ;  but  for  determining 
the  sending  end  current  A'l  =  j  and  C'l  =^  Y.  li  the 
condenser  were  applied  symmetrically  A'v  and  A', 
uniild  l>e  identical. 

Sl'I.IT  CONDICNSKR  OR   NOMINAL  IT  SOLUTION 

This  method  assumes  that  the  total  capacitance  of 
the  circuit  may  be  concentrated  at  the  two  ends,  one- 
half  being  placed  across  the  circuit  at  either  end.  In 
this  case  one-half  the  charging  current  flows  over  the 
entire  circuit.  The  total  resistance  and  the  total  react- 
.iiue  of  one  conductor  is  i)lared  between  the  two  ter- 
n.inal  condensers. 

With  this  assumption  the  current  consumed  by  the 
condenser  across  the  receiving-end  of  the  circuit  is 
.•'ddcil  veiiorially  to  the  load  current  and  the  power-fac- 
tor of  the  combined  currents  calculated.  With  Oiese 
new  load  conditions  determined   the  conditions  at   the 


TABLE    Q— AUXILIARY    CONSTANTS 
CORRESPONDING   TO  CIUCUITS  (;F  LOCALIZED  (;APACITANCE 


Ml  tllW) 

ai 

■n 

bi 

b. 

0| 

Oj 

EQUIVALtMICOMVlHOtNTStmeS     . 
fORMOftXPRCMlON               * 

iMi*roANor 

■ 

0 

R 

-lOD 

X 
•  « 1 940 

0 

0 

A'-i            B'-i           C'-o 

aiNUir  tNOOONDCNOtll 

"L,  - 

" 

^ 

.  .  jo.ooisoa 

A-i../      B'-'           C-» 

>5            -t!? 

0    III;          NOMINM    JV     %\     V 

-o.eoe40o« 

-«|o.oe90ea 

1 

..)»• 

- -0.000  0«4I 

•••10.001411 

A'-(itf )  B-z    C'-»0*¥) 

MIODIC  OONDCNUK 

-o.ooMoat 

-^.lO.ODJOJIl 

-aA.tar? 

x-|(x»-n») 

•  M39>.0«l 

» 

a 

•  >  fO.OOIDS) 

C'-Y 

THfltr    OONDtNBI  H 

'   V  •  "'  <-'  "'1 

M  II       11  K  11'' 

,.        MXI, 

,     >Mx»-n») 

-  -0.0000347 

♦  J0.00I4T04 

*  tHn««oionMiooiiouiir 

PHI  (lOIONOIOH  THI,  AIIXIL 

l«IIY0ONIITANT 

9  Ant  OIVtN  1 

eiow                T 

^t  NUMCRIOAL  FlOU 

t»  C>0««E6'«ND  TO  PH06LEM 

t 

A  -(i*^^^J}^^7^nr^^'  B    -'('♦^•^*.^*5^^^  C  -"0*^*'-^*]^*^^*) 


—  V,  8INH0  --00 


which  checks  exactly  with  the  results  as  obtained  i)rc- 
vionsly  by  the  inqtedaiue  method. 

The  cinrcnl  ,it  the  sending  end  may  be  delermined 
as  follows: 


(('.'.(  (I,.  ■     i  Sut  0,.) 
■I-  /•.,.,  (.,  -I-  I  .,) 


8ij.<>.>8  —  /  .13.555 
o  +  J  <)3-85-! 


/.    -    K<).<)-'8  4-  /  50.2<)7 

:  103.038  /ji)"   13'  06"  aiiii'iir.r 

wliicli  :iImi  (becks  exactly  with  the  result  as  jircviously 
ilfleiinined  by  the  impedance  method. 

It  should  l>e  noted  here  that  in  determining  the 
sending  end  curreni,  the  auxiliary  constant  (a  -\-  j  flj 
('id  not  enter  into  llie  calculation  as  it  docs  in  the  rigor- 
mis  soinlion;  this  i  owing  to  the  inherent  dissymmetry 
of  the  single  end  condenser.  This  is  the  only  case  in 
which  Ihe  capacitance  is  applied  dissymmetrically,  con- 
se(|nenllv  the  ctinent  eiilering  ibe  line  at  Ihe  sending 


sending-end  are  calculated  by  the  impedance  method. 
This  is  the  only  calculation  required  when  employing 
Ibe  nominal  v  method  for  determining  the  sending-end 
voltage.  The  voltage  at  the  sending-end  is  therefore 
p.jore  readily  calculated  by  this  method  than  by  the  7' 
method  which  recinircs  the  calculation  of  the  two  sepa- 
rate halves  of  the  circuit.  If,  however,  the  current, 
power-factor  and  kw  input  are  re(niired,  a  second  calcii- 
l.ition  must  be  made  to  determine  them.  In  such  cases 
the  current  consumed  by  the  condenser  at  the  sending- 
(lul  imisl  be  .idded  vecldii.illy  to  lh.it  of  ibe  line  conduc- 
tors. 

Solution  hy  Impedance  Method  The  diagram;-  of 
connections  and  corresponding  graphical  vector  solu- 
tions for  problem  A'  by  Ihe  nominal  it  method  is  in- 
dicated in  I'ig.  55.  The  charging  current  consumed  by 
ilie  cnndenser  (zero  leakage  a.ssumed)  at  the  receiving- 
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end  of  the  circuit  leads  the  receiving-end  voltage  by  90 

degrees  and  is, — 

0.00 1 56  ^ 
'ir  = ^  '        X  60046  =  46.926  am/'ors. 

1  he  current  L  in  each  conductor  is  the  vector  .•-uiii 
I  f  I  lie  load  and  condenser  currents  and  may  be  dcler- 
n.incd  as  follows: — 

/.■  =  1/  (og.92  X  o.(K>)''  +  (/..  +  w-y-'  X  -o.4j59>' 
=  80.991  /2°  oS'  jH"  (iiiifi'irs. 
rpr  —  Cos     2"  08'  48"  ~  9<).,i,?  I'crii'.iil  U-ihIiiiii. 

The  voltage  consumed  by  the  resistance,  and  the 
reactance  of  each  conductor  is, — 

//(■  =  89.991  X   105  =     9449  volts    (resistance    drop) 
IX  =  89.991  X  249  =  22408  volts   {reactance  drop) 
and  from  (40), — 

£.„  = 

I     (60046  X  0.9933  +  9449)'  +  (6oo.|6  X  0.037458      22  4nST 

:;^  7^3>9  /l6°  \l'  08"  volts  to  current  vector  OP. 

-  72319  /i8°  19'  56"  volts  to  vector  of  reference  OR. 

The  charging  current  consumed  by  the  condenser 

a!    the  scnding-end    (zero  leakage  assumed)    leads  the 

voltage  at  the  sending-end  by  90°  and  is, — 

0.001563 
'c.  = X  72319  =  56.517  amperes. 

The  current  at  the  sending-end  is  the  vector  sum 
(I  ilie  iiiiienl  in  the  conductor  and  the  current  con- 
sumed by  the  condenser  at  the  sending-end.  It  may  be 
calculated  as  follows: — 

OT  =  89.991   (Cos  16°   11'  08")  =  86.424  amperes. 

TP  —  89.991   (Sin   16°   11'   aS")   =  25.085  amperes. 

TN  =  56.517  —  25.085  —  31432  amperes. 
therefore, — • 


l.os.<:. 


I,  —  i/,S0.4-'4-  -I    3"   l.!^"' 

=  91.962  /ic)'  59'  07"  amperes  lo  vector  OS. 

=  91.02  /38"  19'  03"  /('  rector  of  reference  OR. 

—  Cos  19°  59'  07"  —  93  979  percent  leailing. 

—  91.962  X  72.319  =  6651  kv-a. 
=  6651  X  0.93979  =^  6251  kw. 
^  6251  —  5400  —  851  kw. 

5.)oo  X  100 


r-a  = 


6251 


=  86.37  percent. 


Solution  by  Complex  Quantities — From    Table    Q 

the  au.xiliary  constants  corresponding  to  the  nominal  v 

hiethod  of  solution  are  found  as  follows: — 

XB 
111  =  I  —  — ^  =  0.8054065. 

Oi  =^  — ~  =  0.0820575. 


!>,  =  R  =  105  ohms. 

^2  =  X  =:  -h;  249  ohms. 


A  A^CQT^l  Oi 


4 


=  —0.0000641  >nho. 


0.0014 1 1  mho. 


The  voltage  at  the  sending-end  is  determined  as 

Inllnws:— 

/l  (Cos  0,.  —  j  sin  0,.)  =  89.928  —  /43-5.';5- 

X   (''.  +  ;'':)  =  20286  -f-  ;i7  8i9  volts. 
+  E,«  (a.  H-  ;ViO  =  48361  4-  7   4927  volts. 

£,„  =  68  647  +  J22  746. 

=  72319  /i8°   19'  56"  iioUs. 

The  current  at  the  sending-end  may  be  determined 

as  follows : — 

/i.  (Cos  0,.  —  J  sin  (),.)  =  89.928  —  ;43-555- 

X   (n.  +  ;«-•)   =  -1-76.003  —  727.700  amperes. 
+  £,„   (C.  +  jC)   -=  —  3849  -1-  784.718  amperes. 


/«  rr:  72.154  +  757018. 

=:  91.962  738°  19'  03"  amperes. 

The  above  results  check  exactly  with  those  pre- 
viously obtained  by  impedance  calculations.  This 
agreement  indicates  that  the  nominal  it  solution  may,  if 
desired,  be  used  with  complex  quantities,  assuming 
values  for  the  auxiliary  constants  as  indicated  in  Table 

Q- 

Convergent  Series  Expression — Table  Q  indicates 
that  the  nominal  it  solution  is  equivalent  to  using  the 
following  values  for  the  auxiliary  constants  in  the  con- 
vergent series  form  of  solution, — 

We  will  now  show  that  the  .'•bovc  cxi)ressions  yield 
the  same  values  for  the  auxiliary  constants  as  given  in 
Table  Q.     From  chart  XI*  the  following  values  corre- 
sponding lo  problem  X  are  taken. 
ZY  =  -0.389187  +  ;o.i64ii5 
there  Core, 

A'    =;   I.OOOOOOO 

—0.1945935  4-  /  0.0820575 

A'  —  0.8054065  -f-  yo,aS20575 
/?'  =  105  -f  y249 
C  =  i.oooooo 

—0.0972967  +  /  0.04 1 0287 

=■  Y  ('0.0027033  -|-  /  0.04 10287) 
C   -—  -  n.nooo6ii  4  /0.001411 
Thus  the  values  for  the  auxiliary  constants  as  de- 
termined by  the  above  incomplete  convergent  .series  ex- 
pression check  with  those  as  determined  above  from  the 
equations  in  Table  Q. 


*p.  151,  April  1920. 


(To  be  continued) 


^^'IS 


Till'",  1'"(JLL()\V1NG  stalemeiit  is  a  complete  record 
of  armature  breakdowns  that  have  occurred  in 
Westinghouse  turbogenerators  of  15000  kv-a.  or 
larger,  polyphase  rating.*  The  record  covers  every 
Westinghouse  turbogenerator  of  this  size  that  had  been 
placed  in  operation  up  to  January  1920.     These  genera- 


F.  D.  Newrury 

tors,  without  exception,  arc  mica  insulated,  with  mica 
insulation  between  strands  and  between  conductors,  as 
well  as  between  coil  and  core. 

The  first  Westinghouse  generators  larger  than 
10  000  kv-a.  were  placed  in  operation  in  1913.  These 
were  generators,  roughly  20000  kv-a.  in  size,  two  pole 
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in  the  case  of  25  cycles  and  four  pole  in  the  case  of  60 
cycles.  The  design  of  such  large  two  and  four  pole 
units  in  391 1  and  1912  was  highly  e.xperimental,  and 
while  these  units  met  the  standard  temperature  rise 
guarantee  of  50  degrees  C  by  thermometer,  it  has  since 
been  found  that  the  strands  nearest  the  air-gap  at  the 
middle  of  the  core  have  had  at  least  200  degrees  C  rise 
in  some  cases.  Experience  has  shown  designers  how  to 
avoid  these  high  local  temperatures  to  a  considerable 
degree  (mainly  by  reduction  of  eddy  curent  losses)  and 
this  is  mentioned  here  only  to  bring  out  the  significance 
of  the  record  of  trouble  due  to  heating.  It  is  also  im- 
])()i-tant  to  note  the  inclusive  and  representative  nature 
of  the  record.  It  covers  all  generators  built  of  a  given 
size  and  type  and  it  is  therefore  safe  to  draw  general 
conclusions  that  will  be  applicable  to  all  generators  of 
the  same  class. 

During  these  seven  years  cx[)ericncc  there  have 
been  22  cases  of  major  armature  trouble  involving  12 
different  installations  or  designs  and  16  individual  units. 
By  major  armature  trouble,  is  meant  trouble  .serious 
enough  to  result  in  the  failure  of  one  or  more  armature 
coils. 

The  classification  of  armature  failures  as  to  cause 
IS  in  some  cases  a  difficult  matter.  The  events  leadin"- 
I'P  to  the  trouble  may  be  unknown  and  the  evidence  is 
very  often  burnt  up.  It  has  been  thought  best,  there- 
fore, to  separate  these  cases  into  three  classes  as  fol- 
lows : — 

I— Where  the  iiKimilactiirer  has  accepted  rcsponsiIiiIit\-. 


bility. 


:— Where  the  operating  cuniiiaiiy  has  accepted  responsi- 

3— Where  the  cause  is  iiiikiunvn  or  in  dispute. 
I— Eight  cases  were  chai-Rcahle  to  design  workmanship  or 
other   cause    for    which    the    manufacturer   accepted 
responsibjlity. 
a~Fk'e  cases  (of  these  eight)   were  caf.scd  hv  defects 
in   manufacture  that  developed  \erv   shortlv  after 
installation. 

h~Threc  cases   (of  these  eight)   concerned  details  ot 
design  that  led  to  failure  after  four  or  five  years 
operation.     Two   of    these   cases    (in   one    design) 
involved   high   local   temperatures   caused   by   eddy 
currents  in  the  top  strands  of  the  coil. 
2— Eleven  cases  were  chargeable  to  operating  hazards   for 
which  the  operating  company  accepted  the  responsi- 
bility. 

a—Eoiir  cases  (of  these  11)  were  caused  by  fiixs  or- 
iginating outside  of  the  armature  winding.  In 
three  of  these  cases  the  fire  started  in  the  cables 
just  outside  of  the  generator;  in  the  fourth  case 
the  fire  started  in  a  series  transformer  accidentally 
open  circuited. 

h—poitr  cases  (of  these  11)  occured  in  one  installation 
and  were  caused  liy  abnormal  voltage  surges  that 
caused  the  outside  surfaces  of  the  insulation  to. 
catch  fire.  In  addition  to  these  four  cases  lh;it 
resulted  in  coil  failures,  as  many  more  fires  started 
that  were  put  out  before  such  damage  was  done. 
This  trouble  disappeared  after  the  generator 
neutral  was  grounded. 

c — One  case  (of  these  11)  was  caused  by  ice  or  water 
(it  occurred  on  Feb.  28)  carried  into  the  generator 
from  the  air  washer. 

rf — Ttvo  cases  (of  these  11)  were  caused  by  enforced 
operation  under  conditions  that  were  known  to  be 
unsafe.  One  case  involved  unsafe  overloads  and 
the  other  case  involved  continued  operation  after 
it  was  known  that  the  armature  needed  minor 
repairs. 


3 — Three  cases  inolved  unknown  causes  or  the  cause  was 
in  dispute. 
In  two  of  these  cases  the  operating  company  believed 
armature  coil  heating  to  be  responsible. 
This  classification  of  armature  breakdowns  shows 
that  out  of  19  cases,  where  causes  were  agreed  to,  11 
cases  were  caused  by  operating  hazards  for  which  the 
generator  can  in  no  way  be  held  accountable. 

If  all  the  cases  in  which  armature  heating  was  in- 
volved (even  by  suspicion)  are  grouped,  there  are  only 
five  cases  out  of  22  breakdowns.  Two  cases  (involving 
one  of  the  first  designs)  were  caused  by  design  propor- 
tions ;  in  two  others  temperature  was  not  the  primary 
cause  of  breakdown,  but  the  operating  companies  be- 
lieved it  to  be  a  contributory  cause;  and  in  the  fifth  case 
enforced  overloading  was  the  primary  cause. 

The  writers  opinion,  based  on  a  careful  study  of 
ojierating  experience  and  based  on  a  detailed  knowledge 
of  internal  temperatures  and  coil  and  insulation  design, 
is  that  breakdowns  caused  by  armature  heating  are  in 
reality  due  to  abnormal  local  temperatures  that  have 
values  of  the  order  of  several  hundred  degrees;  and 
that  temperatures  of  100  or  150  degrees  ordinarily  dis- 
cussed in  connection  with  guarantees  have  very  little  to 
do  with  the  problem.  This  statement,  of  course,  applies 
only  to  windings  completely  insulated  with  mica  within 
the  slots. 

This  record  of  breakdowns  brings  to  the  surface 
another  fact  that  is  interesting  and  important,  and  that 
is  reassuring  to  the  companies  operating  high  voltage 
t'liits.  There  are  twice  as  many  generators  wound  for 
1 1  (K)o  volts,  or  higher  voltage,  as  there  are  generators 
wound  for  lower  voltages.  But  these  twenty-two  cases 
of  armatures  breakdown  are  equally  divided  between 
these  two  voltage  classes.  This  means  that  the  per- 
centage of  armature  breakdowns  in  the  high-voitage 
generators  under  discussion  is  only  one-half  that  of  the 
lower  voltage  generators.  This  record  v/ould  be  very 
different  with  treated  cloth  insulation  (in  large  high- 
voltage  generators),  or  with  partially  closed  armature 
slots. 

This  record  does  not  prove  that  high  voltage  gen- 
erators are  necessarily  safer  or  less  subject  to  break- 
down, except  in  so  far  as  breakdowns  may  be  caused  by 
voltage  surges  that  are  independent  of  generator  volt- 
age. Obviously  a  10  000  volt  surge  would  be  dangerous 
in  a  2400  volt  generator  but  would  be  harmless  in  a 
13  000  volt  winding.  The  record  does  prove  that  11  000 
and  13000  volt  windings  are  just  as  reliable  as  low- 
voltage  windings  and,  further,  that  breakdowns  are 
generally  caused  by  trouble  unrelated  to  line  voltage. 

The  facts  brought  out  by  this  record  may  be  sum- 
marized as  follows: — 

I — The  niajoritv  of   armature  breakdowns  arc  caused 

by  operating  hazards  originating  outside  the  generator. 
2 — Armature  heating  in  armatures  completely  insulated 

w-ith  mica  is  a  minor  cause  of  breakdown. 

3 — High  voltage  gcneratorrs.  with  mica  insulation  and 

open  armature  slots,  arc  as  reliable  and  probably  arc  more 

so  than  large  low-voltage  generators. 

*This  article  is  based  on  a  discussion  of  a  paper  by  Phillip 
Torchio,  presented  at  the  A.  I.  E.  E.  Convention,  June,  1920. 


!/• 


•'r\- 


'Ca! 


Measuring  Reactive  "V■o!^^;\lllJ)e^es 

J.  c. 

A  POLYPHASE  wattmeter  with  special  calibration 
may  be  used  for  measuring  the  reactive  volt-am- 
peres in  a  three-phase,  three-wire  circuit  v>-hen 
ct)nnected  as  in  Fig.  86.  The  connections  are  the  same 
as  in  Fig.  76,  but  the  voltage  transformers  have  standard 
secondary  windings  with  a  middle  tap.  The  voltage 
and  current  relations  are  as  shown  in  the  vector  dia- 
gram in  Fig.  87,  which  is  for  the  condition  of  a  balanced 
load  at  any  power  factor  where  the  current  lags  by  an 
angle  </>.     The  voltage  ZTr  impressed  on  the  voltage  coil 


FTG.    86 — MEASURING    REACTIVE        FIG.  S/ — ItALANCED  LOAD  AT  ANY 
VOLT-AMPERES  I'OVVER-FACTOR 

Using   Standard  voltage  With    cimncctions    shown    in 

transformers.  Fig.  86. 

cf  the  right  hand  element  of  the  wattmeter  is  £,  ^  -f- 
//.?  £1  „  (vectorially)  and  being  30  degrees  ahead  of 
E^  3  is  equal  to  £,  3  cos  jo°  or,  omitting  the  sub-figures 
since  £,  3  is  the  line  voltage,  =^  0.866  E.  Likewise  the 
voltage  El,  impressed  on  the  voltage  coil  of  the  left  hand 
element  of  the  wattmeter  is  0.S66  E^  „  or  0.S66  E  when 
expressed  in  terms  of  the  line  voltage  E.  For  the  angle 
of  lag  ^  the  line  currents  are  3^^°  -\-  <j>  behind  the  line 


iiectloiiB  for  Alioi'jani:- 
Clrciilis-YIi 

in  '.rivroo-PliasG  Ti^roo-'VySre  Circuits 

,  Group 

cos  cji  -f  0.866  sin  ({>)  =  1/4  X  1-73  EI  (cos  <l>  -\-  i.JS 
sin  (j>)..  I.^  is  120°  —  <!>  ahead  of  ^l  and  the  measure- 
nient  in  the  left  hand  element  is  £1,  I^  cos  {120°  —  </>) 
or,  expressing  £l  in  terms  of  the  line  voltage  E  and 
emitting  the  sub-figures  from  I^  since  it  is  the  line  cur- 
rent, IFl  =  0.866  cos  {120°  —  (j,)  =  1/4  yJEI  {1.73 
sin  <j)  —  cos  </)).  The  algebraic  sum  of  the  measure- 
ments in  the  two  elements  IV  =  3/2  E  I  sin  <j>.  Multi- 
1  lying  this  result  by  ~  1  F  (approximately  115%), 
N^hich  should  be  taken  care  of  by  the  special  calibration 
of  the  meter,  gives  i.ys  E  I  which  is  correct  for  the  re- 
active volt-amperes  in  the  three-phase,  three-wire  cir- 
cuit. This  method  is  correct  for  balanced  or  unbalanced 
loads  at  any  power-factor,  whether  the  current  lags  01 
leads,  the  same  as  for  the  connection  in  Fig.  76. 

A  polyphase  wattmeter  with  special  calibration,  or 
vv'itli  standard  calibration  and  used  with  a  multiplier  of 
t,.S66  will  also  correctly  measure  the  reactive  volt-am- 
peres of  a  balanced  load  on  a  three-phase  three-wire  cir- 
cuit when  connected  as  shown  in  Fig.  88.  The  voltage 
transformers  are  standard,  and  the  connections  differ 
from  those  common  for  measuring  the  true  powci  in 
that  the  voltage  which  is  commonly  connected  to  the 
voltage  coil  in  the  right  hand  element  is  connected  to  the 
voltage  coil  in  the  left  hand  element,  and  the  voltage 
-\hich  is  commonly  connected  to  the  voltage  coil  in  the 
left  hand  element  is  connected  to  the  voltage  coil  in  the 
right  liand  element  reversed. 

The  vector  relations  of  voltages  and  currents  for  a 
balance   load   at   unity  power- factor  may   l)e  explained 


KIG.  88 — MEASURING  REACTIVE 
VOLT-AM  PERES 

Of  balanced  three-phase 
Loads. 


FIG.     8g — liALANCED    LOAD    AT 
UNITY    roWER-FACTOR 

Of  circnit  shown  in  Fig.  88. 


FIG.    90--IiAI.ANI'XD    LOAD      \T 
ANY    POWER-FACTOR 

With  connections  shown  in 
Fig.  88. 


91 — SINGLE-PHASE  LOADS 


AT   ANY    POWER-FACTOR 

Of  circuit  shown  in  Fig.  88. 


voltages.  /,  is  60°  —  <j>  ahead  of  Er  and  the  measure- 
ment in  the  right  hand  element  is  £r  /j  cos  (60°  —  <j>) 
or,  expressing  £r  in  tenns  of  the  line  voltage  E  and 
omitting  the  sub-figure  from  /,  since  it  is  the  line  cur- 
rent, PVb.  =  0.866  E  1  cos  (do"  —  <t>)^  0.866  El  {1/2 


from  the  vector  diagram  in  Fig.  89.  E^ ,,  E„  3,  and  £3 , 
represent  the  line  voltages  and  Z,,  I.,,  and  4  represent 
the  line  currents.  The  voltage  £0  3  used  for  the  voltage 
coil  of  the  right  hand  element  is  designated  as  £r  on  the 
vector  diagram  and  the  voltage  E^  „  used  for  the  left 
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hand  element  is  designated  as  £l-  The  vector  diagram 
shows  that  the  current  is  90  degrees  out  of  phase  with 
the  voltage  in  both  elements,  and  therefore  no  mear.ure- 
nicnt  is  indicated  by  the  wattmeter,  which  is  correct. 

In  Fig.  90  is  shown  a  vector  diagram  for  a  balanced 
load  at  any  power-factor  where  the  current  lags  by  an 
angle  (j>.  The  line  currents  are  then  50°  -f-  <\>  behind  the 
line  voltages.  In  the  right  hand  element  /j  is  go°  —  </> 
ahead  of  £u  and  the  measurement  is  £r  /j  cos  (^go'^  — 
</>)  or,  omitting  the  sub-figures,  W-r  =  E  I  cos  {90°  — 
(f,)  =  E  I  sin  <l>.  Likewise  in  the  left  hand  element  I^  is 
90°  —  ^  ahead  of  £l  and  the  measurement  is  £  /  sin  <^. 
The  sum  of  the  measurements  in  the  two  elements  W  = 
2  E  I  sin  <\)  which  multiplied  by  0.866  is  J./J  E  I  sin  <j> 
which  is  the  correct  expression  for  the  reactive  volt-am- 
peres. 

The  polyphase  wattmeter  connected  as  in  Fig.  88 
v«ill  not  measure  the  reactive  volt-amperes  of  unbal- 
anced loads  correctly  as  can  be  shown  in  connection 
v;ith  the  vector  diagram  in  Fig.  01.     The  extreme  cr.ses 


cf  unbalancing  will  be  considered  where  single-phase 
loads  are  taken  off  between  any  two  of  the  line,  /j 
and  /„  represent  the  line  currents  when  the  single-phase 
load  is  between  line  /  and  line  2,  and  are  shown  lagging 
by  an  angle  <t>.  There  being  a  current  transformer  in 
line  /  but  not  in  line  2,  the  only  measurement  is  in  the 
right  hand  element.  The  current  /,  is  120  degrees 
ahead  of  £r  and  the  measurement  in  the  right  hand  ele- 
ment IFr  =  £r  /i  cos  {120°  —  <^)  or,  omitting  the  sub- 
figures,  W-n^E  Teas  po°  +  (30°  —  <j>)  which,  multi- 
plied by  0.866,  is  —  1/4  1  TE  I  (cos  <f>  —  1.73  sin  <f,). 
This  cannot  be  reduced  to  E  I  sin  <f>  and  is  therefore  in- 
correct. If  the  current  leads  by  an  angle  <p  the 
measurement  is  £  /  cos  (120°  -|-  <^)  =  1/2  E  I  (cos  ^ 
+  1.73  sin  <f>)  which  multiplied  by  0.866  is  —  1/4  1  7 
/{  /  (cos  <f>  +  1.73  sin  4>).  This  result  is  somewhat  dif- 
ferent from  that  for  a  lagging  current  but  is  also  in- 
correct. 

A  similar  analysis  will  show  that  this  connection 
Rives  incorrect  readings  for  any  unbalanced  load. 


Our  subscribers  are  invited  to  use  this  department  as  a 
means  of  securing  authentic  information  on  tiectrical  and 
mechanical  subjects.  Questions  conceminK  general  engineer- 
ing theory  or  practice  and  questions  regarding  apparatus  or 
materials  desired  for  particular  needs  will  be  answered. 
.Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  query.  All  data  necessary  for 
a  complete  understanding  of  the  problem  should  be  furnished 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available;  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  leiigth  of  time  should  be  allowed  before 
expecting  a  reply. 


i(jo4-  -Transformer  Catacity  —  What 
horse-power  in  three-phase  motors 
would  three  15  kw,  220  volt,  single- 
phase  transformers  carry;  also  two  15 
kw,  single-phase  transformers  con- 
nected open  delta?  a.h.a.  (ill.) 
The  capacity  of  three  15  kw,  single- 
phase  transformers  coimccted  three- 
phase  is  45  kv-a.  The  capacity  of  two 
15  kw  single-phase  transformers  con- 
nected open  delta  is  30  X  0.866  =  26 
kv-a.  The  horse-power  of  motors  that 
can  he  continuously  fed  from  the  trans- 
formers equals  the  kv-a  capacity  of  the 
transformers,  times  the  motor  efliciency, 
tiincs  the  power-factor  (holh  expressed 
decimally),  divided  hy  0.746.  Thus 
assuming  a  motor  efliciencv  of  QO  per- 
cent and  a  power-factor  of  85  percent, 
the  two  i.S  kw  transformers  connected 
in  open  delta  would  carry  26.7  hp  of 
motors.  However,  as  industrial  motors 
arc  very  seldoin  operated  at  full  rated 
load  continuously,  it  is  custoiriary  to 
install  a  much  smaller  transformer 
rating  than  the  .combined  i;atings  of 
the  iTiotors,  This  is  especially  true 
where  a  inimher  of  motors  are  fed  from 
one  bank  of  transformers,  in  which  case 
the  transformers  have  frequently  one- 
half  to  as  low  as  one-fotirlh  the  kw 
ratings  of  the  motors  fed  therefrom. 
This  depends  entirely  on  the  diversity 
factor  of  the  motors.  cr.k. 

\(yo$ — Compound  Wound  Exciters — 
Please  tell  me  why  a  compound  wound 
direct-current  generator  is  nearlv  al- 
ways used  for  exciting  the  fields  of 
alternators.  As  I  understand  if,  the 
series  winding  is  to  keep  up  the 
voltage  as  the  load  comes  on,  jn  a 
direct-current    generator   when    it   is 


used  for  power  and  lighting  loads. 
But  I  do  not  understand  what  there 
is  in  alternating-current  generator 
field  coils  that  can  make  the  series 
winding  of  the  exciter  increase  the 
voltage  of  the  exciter.  If  the  alter- 
nator is  running  at  a  certain  speed 
and  the  rheostat  in  the  exciter  field  is 
on  a  certain  point,  and  more  load  is 
put  on  the  alternator,  it  will  bring 
down  the  voltage  of  the  latter  and 
before  it  can  be  raised  again  the 
voltage  on  the  exciter  will  have  to  be 
raised  by  cutting  out  resistance  on  the 
exciter  field.  In  this  case  what  good 
does  the  series  winding  of  the  exciter 
do?  Is  a  shttnt  wound  exciter  just 
as  good  for  this  purpose  as  the  com- 
pound? The  reason  for  this  question 
is:  We  have  a  compound  wound  ex- 
citer for  one  alternator  from  which 
we  charge  automobile  batteries  also. 
Suppose  the  machines  are  running  .it 
the  proper  voltage  and  we  put  on  a 
battery,  with  the  proper  resistance, 
the  extra  current  passing  through  the 
series  coils  on  the  exciter  boosts  up 
the  voltage  and  send';  more  current 
through  the  alternator's  fields,  raising 
lis  voltage,  which  is  objectionable. 
r!y  inserting  more  resistance  in  the 
sliunt  field  everything  is  brought  back 
to  normal.  If  we  had  a  shunt  wound 
exciter  would  not  the  voltage  keep 
approximately  steady  when  we  cut  in 
the  batten.',  as  all  the  current  wotild 
be  taken  from  the  armature  without 
increasing  the  field  flux,  thereby  not 
effecting  the  alternator's  voltage  ex- 
cept for  lowering  it  a  little?  Is  there 
any  disadvantages  in  using  a  shunt 
woimd  exciter  when  there  is  only  one 
installed?  e.b.  (alberta) 


Though  compotind  wound  direct  cur- 
rent generators  arc  often  applied  to 
exciter  work,  it  is  by  no  means  tiniversal 
to  tise  compound  wound  rather  than 
shunt  wound  machines.  In  the  smaller 
sizes,  compound  wound  generators  only 
arc  kept  in  stock;  the  desire  to  use  stock 
machines  probably  accounts  for  the  use 
of  compound  wotind  exciters  in  many 
cases.  In  general,  when  automatic  volt- 
age regulators  of  the  Tirrill  type  arc 
used,  anything  more  than  a  slight 
amount  of  scries  field  will  adversely 
affect  the  operation  of  the  equipirient, 
as  the  effect  of  the  scries  field  winding 
is  to  slow  down  the  rate  of  change  of 
the  exciter  field  flux  as  the  automatic 
regulator  changes  the  exciter  field  cur- 
rent. This  is  particularly  trtie  if  com- 
mutating  pole  machines  are  used.  As  a 
result  it  is  often  necessarv  to  shttnt  a 
large  part  of  the  ctirrent  from  the  series 
winding  when  atitomatic  voltage  rcgti- 
lalors  are  used.  The  load  tipon  the 
alternating  current  generator  cannot,  in 
itself,  change  the  exciter  voltage,  which 
can  only  be  controlled  by  adjtisting  the 
exciter  rheostat,  and  thtis  to  change 
the  alternating-current  voltage  require^; 
cither  a  change  in  the  excitation  of  th" 
(Cxcitcr  or  a  change  of  the  resistance  in 
(he  main  field  circuit.  In  the  case  such 
as  you  describe,  a  shunt  wotind  gener- 
ator would  probably  be  better  than  the 
overcoinpounded  generator  you  now 
have.  However,  the  best  method  rif 
overcomin.g  the  present  diffictilty  would 
be  to  >ihunt  enough  current  from  the 
series  field  winding  to  give  a  flat  regu- 
lation or  as  near  flat  as  possible.  With 
the  extra  battcrv  load  upon  the  exciter, 
care  tnust  be  taken  that  the  shunt  field 
winding  does  not  become  too  hot,  with 


August,  1920 


THE  ELECTRIC  JOURNAL 


357 


the  weakened  series  field.  If  there  is 
a  relatively  high  resistance  series  with 
the  battery,  when  it  is  connected  to  the 
exciter  leads,  the  alternating-current 
voltage  can  be  held  constant  by  cuttin^j 
out  this  resistance  and  adjusting  the 
exciter  rheostat  simultaneously.  c.L. 

1906— Transmission  Power-Factor — 
We  have  two  power  plants,  one  the 
generating  plant  on  which  the  load  is 
9000  kw  at  90  percent  power-factor, 
and  the  other  the  receiving  plants  on 
which  the  load  is  6600  kw  at  90  per- 
cent power-factor.  It  is  proposed  to 
connect  these  two  plants  with  a 
44000  volt  transmission  line  and 
deliver  to  the  receiving  plant  5000  kw, 
and  the  voltage  on  both  plants  is  to 
be  held  the  same,  i.  e.,  4150  volts  on 
the  bus-bars,  or  44000  volts  at  each 
end  of  the  high-tension  side.  Tjje 
question  has  come  up  as  to  the  power- 
factor,  that  would  result  on  the 
generators  at  the  receiving  plant. 
Fig.    (a)    shows    a    solution    of    this 


FIGS.  1906(a)  and  (b) 


problem  which  I  wish  you  would 
criticise.  The  line  resistance  and  re- 
actance was  added  to  that  of  the 
transformers  on  each  end,  and  the 
line  figured  out  for  a  load  of  90  per- 
cent power-factor.  This,  of  course, 
gave  a  drop  at  the  receiving  end  of 
the  line.  Now  if  the  voltage  is  to  be 
held  constant  at  both  ends,  it  was 
conceived  that  if  this  triangle  was  re- 
volved down  to  the  leading  side  until 
the  small  triangle  of  resistance  and 
reactance  coincided  with  the  constant 
voltage  circle,  the  power-factor  at  the 
generator  and  receiving  ends  of  the 
lines  could  be  determined.  Now  as 
the  field  strength  of  the  alternators 
at  the  receiving  plant  must  be  in- 
creased to  give  the  extra  wattless 
current  needed  when  the  transmission 
line  is  tied  in  with  the  plant  the  cur- 
rent will  be  lagging  with  respect  to 
the  leading  current  in  the  trans- 
mission line.  Therefore  the  line 
showing  the  power-factor  at  the  re- 
ceiving end  of  the  transmission  line 
was  simply  transposed  at  the  same 
angle  up  to  the  lagging  side  of  the 
diagram  and  a  parallelogram  com- 
bining this  load  of  5000  kw  with  a 
load  of  6600  kw  on  the  power  plant, 
making  a  total  load  of  11  600  kw,  but 
this  load  has  its  power-factor  deter- 
mined at  90  percent  by  the  entire 
apparatus   on   it,    therefore,   it   is    the 


resultant  of  the  incoming  transmission 
line  load  and  the  generator  load,  .'^s 
seen,  this  gives  a  generator  power- 
factor  of  84.4  percent  lagging. 

C.R.S.  (pa.) 
The  plan  for  finding  the  power-factor 
at  the  generating  station  is  approxi- 
mately correct.  There  is  a  small  error 
introduced  because  of  the  changing  of 
the  values  of  11<  and  IX,  as  the  amount 
of  current  is  changed  while  the  vector 
IS  being  rotated.  In  the  illustration 
given,  the  error  is  very  small,  as  the 
values  of  IR  and  IX  were  secured  on 
the  basis  of  go  percent,  and  the  power- 
factor,  as  determined  by  the  construc- 
tion, is  approximately  95  percent.  This 
means  that  the  value  of  /  used  in  deter- 
mining IK  and  IX  was  five  percent  too 
large.  After  the  determination  of  the 
power-factor  of  the  current  coming 
from  the  generating  station,  the  re- 
mainder of  the  construction  is  faultv. 
A  correct  construction  is  shown  in  Fig. 
(b).  E,  the  voltage  at  the  receiving 
station  is  taken  as  a  base,  h  is  then 
the  load  current  at  the  receiving  station 
at  an  angle  from  E,  such  as  to  give  yo 
percent  power-factor  lagging.  /.  is  the 
current  from  the  generating  station  at 
a  power-factor  of  95  percent  leading,  as 
determined  by  the  first  construction, 
/r  is  then  the  resultant  of  two  currents, 
one  of  which  is  I„  and  the  other  h, 
which  is  the  current  from  the  generator 
in  the  receiving  station.  The  construc- 
tion shows  that  the  angle  between  h 
and  E  gives  68  percent  power-factor 
lagging,  which  is  considerably  lower 
than  the  value  determined  from  Fig. 
(a).  The  same  result  is  obtained  if  the 
vector  representing  the  power-factor  of 
the  load  from  the  generating  station  is 
left  in  its  proper  quadrant  as  shown  in 
dot  and  dash  lines  in  Fig.  (a). 

A.W.C. 

1907— Harmonics  in  Transformers— 
Are  harmonics  given  much  considera- 
tion in  the  design  of  transmormers  ? 

J.A.W.    (OHIO) 

Particular  attention  is  given  the  har- 
monics in  magnetizing  currents  and 
voltages  of  transformers  intended  for 
three-phase,  star-star  operation.  In 
order  to  supply  the  proper  third  har- 
monic component  of  magnetizing  cur- 
rent for  star-star  connections,  tertiary 
windings  are  provided.  It  is  generally 
not  necessary  to  pay  much  attention  to 
any  harmonics  except  the  third.  See 
article  on  "Tertiary  Windings"  by  J.  F. 
Peters  in  the  Journal  for  Nov.  '19,  p. 
477-  J.F.p. 

1908 — Designs  of  Rotor  Support  of 
Vertical  Water-Wheel  Alternator 
— Are  the  arms  which  radiate  from 
the  lower  guide  bearing,  and  on  which 
the  air  brakes  are  usually  mounted, 
generally  designed  with  sufficient 
strength  to  take  the  total  weight  of 
rotor,  shaft,  and  turbine  runner  of 
vertical  generating  units? 

R.B.G.     (mONT) 

These  arms  are  generally  designed 
with  sufficient  strength  to  take  the  total 
weight  of  rotor,  shaft  and  turbine 
runner.  r.a.m. 

igog — Burning  Insulation  to  FAatt- 
tate  Removing  of  Coils — What  ob- 
jection is  there,  if  any  to  the  burniifg 
ot  the  stators  ef  small  motors  to 
facilitate  the  removal  of  coils? 

W.R.V.    (GA.) 

The   heating  of   the   iron   may  cause 


the  laminations  to  become  fused  or  they 
may  be  oxidized  and  forced  apart.  Also 
other  nKchanical  injury  may  be  done 
lo  the  assembled  stalor,  such  as  distort- 
ing the  punchings,  warping  the  castings, 
spoiling  the  bracket  fits  and  even  burn- 
ing the  enamel  olT  ihc  punchings,  pro- 
ducing a  short-circuit  path  for  eddy 
currents.  The  best  way  to  facilitate 
stripping  is  to  heat  the  stator  in  a  bak- 
ing oven  until  the  insulation  is  soft. 
The  winding  may  he  stripped  out  with 
minimum  effort  while  the  machine  is 
still  warm.  t.P.K. 

1910 — Rating  of  Reactance  Coils- 
How  are  reactance  coils  rated;  lor 
instance,  just  what  is  meant  by  the 
following  nameplate  data,  2200  voits, 
300  amperes,  33  kv-a?  What  ellect 
may  be  expected  from  such  a  coil  on 
a  2000  volt,  single-phase  circuit  in  the 
event  of  a  short-circuit  on  the  line? 

C.S.    (QUE) 

Reactance  coils  are  rated  by  the 
normal  current  and  line  voltage  for 
which  the  reactor  was  designed;  by  the 
current  which  the  device  is  required  to 
stand  under  short-circuit  and  by  the 
kv-a  absorbed  by  normal  current.  It  is 
necessary  to  know  the  size  of  the 
feeder,  the  relation  its  capacity  bears  to 
the  capacity  of  circuit  breakers  and  the 
generator  capacity  in  order  to  know 
what  effect  may  be  expected  from  the 
above  mentioned  reactance  coil  in  a 
2000  volt  single-phase  circuit  in  the 
event  of  a  short-circuit  on  the  line. 
For  further  details  see  the  article  ou 
the  application  of  current  limiting  re- 
actors by  H.  H.  Rudd  and  W.  M.  Dann 
in  the  Journal  for  June  1916,  p.  281. 

J.F.p. 

191 1— Overlapping  of  Phase  Groups- 
Is  there  any  gain  in  the  efficiency  of 
a  motor  or  any  other  gain  by  allow- 
ing the  coils  of  adjacent  groups  but 
different  phases  to  overlap? 

W.R.V.  (ga.) 
The  overlapping  of  phase  groups  is  a 
condition  obtained  by  using  coils  having 
a  throw  less  than  a  full  pole  pitch. 
This  results  in  part  of  the  coils  of  a 
phase  group  occupying  the  same  slots 
as  coils  of  another  phase.  This  arrange- 
ment has  a  distinct  advantage,  if  it  is 
not  carried  too  far,  and  is  nearly  always 
used  on  induction  motors.  Using  a 
short  throw  or  chording  a  winding  re- 
duces its  effectiveness,  but  the  reduction 
is  very  slight  for  small  changes,  the 
effectiveness  of  the  winding  being  de- 
creased according  to  a  cosine  law. 
However,  the  length  of  the  end  wind- 
ing depends  directly  on  the  throw  of 
the  coil,  so  by  making  a  compromise,  it 
is  possible  to  save  considerable  copper 
in  end  windings  without  a  prohibitive 
decrease  in  the  effectiveness  of  the 
winding.  In  designing  a  motor,  it  is 
necessary  to  obtain  certain  torque  con- 
ditions, requiring  that  the  winding  have 
a  certain  definite  number  of  turns  per 
coil.  Oftentimes,  in  order  to  obtain  the 
required  conditions,  the  turns  per  coil 
do  not  come  out  a  whole  number.  In 
this  case  it  is  customary  to  use  the  next 
larger  whole  number  and  reduce  the 
effectiveness  of  the  winding  to  the  re- 
quired value,  by  using  a  .short  coil 
throw.  Chording  has  also  the  ad- 
vantage of  improving  the  shape  of  the 
revolving  field,  giving  tlux  conditions 
approaching  those  which  would  be  ob- 
tained by  using  a  full  pitch  winding 
with  a  larger  number  of  phases.     H.L.S. 
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Field  Winding  Diagrams  for  Railway  Motors  —  II 


Under  the  above  heading,  Part  I,  (June  lyjo)  the  five 
difFcrent  schematic  arrangements  oi  main  and  commutating 
field  coils  were  shown  in  Figs.  I  to  5,  and  a  typical  diagram 
of  connections  of  a  modern  commutating  pole  motor  with  four 
comnintating  field  coils  in  Fig.  6.  In  this  article,  typical  dia- 
grams of  the  remaining  three  types  of  non-field  control  motors 
arc  shown. 

In  general  all  of  the  types  of  windings  shown  come  under 
the  following  main  headings: — • 

/ — Non-commutating  pole  motors — which  includes  all  of 
the  old  type  of  motors. 

^— Commutating  pole  motors — which  includes  all  the  more 
modern  types  of  motors. 

On  all  railway  motors  (non-commutating  and  commutating 
pole  type)  there  are  four  main  field  coils.  In  general  these 
four  coils  have  the  same  number  of  turns  on  each  coil.  On  a 
few  machines,  however,  this  is  not  true,  as  the  top  and  bottom 


T.MJLE  I  -TV]'i;S  OF  FIFLD  COILS  AXD  LOCATION.S 

OF  lf;aus 


I^igure 

Main  Coils 

COMMUT.ATING   COILS 

Type  of 
Coils 

Location 
of  Leads 

Types  of 
Coils 

Location 
of  Leads 

6 

7 
8 

9 

Open  and 
crossed 
Open 

Front 

Side 

F'ront  and 
rear 
Front 

Open 

None 
Open 

Open 

Front 

None 
F'ront 

Front 

Open 

leads  at  the  end  of  the  coils  on  account  of  lack  of  clearance 
for  the  commutating  coils.  By  the  use  of  open  and  crossed 
coils  the  wiring  around  the  frame  is  simplified.    This  method 


Main  Pote  Field  Coil  i~onfi« 


Ma.Q  Pole  Field  Coil  Connecuo 


iUIIMfl 


KIG.   7 — NON-COMMUTATING   POLE 
MOTOR,  FIG.    I    (schematic  ) 


FIG.  8 — MOTOR  WITH  THREE  COMMUTAT- 
ING I-IEI.U  COILS,  FIG.  3   (schematic) 

Dotted  lines  show  connections  at 
pinion  end. 


Looittnf  al  CommuUtor  End 

FIG.  g — commutating  pole  motor 

WITH    two   commutating    FIELD 
COILS,    FIG.    4    (SCHEM.\TIC) 


coils  have  more  turns  than  the  two  side  coil.s,  this  being  done 
to  .shorten  up  on  the  gear  centers  of  the  motor.  On  commutat- 
ing pole  type  railway  motors  four  commutating  coils  are  most 
commonly  used.  In  this  case  each  coil  has  the  same  number 
of  turns.  With  small  size  motors,  owing  to  the  mechanical 
limitations  in  design,  and  to  make  use  of  some  electrical  ad- 
vantages, the  necessary  commutating  magnetic  flux  is  obtained 
by  the  use  of  two  or  three  commutating  coils.  When  using 
two  or  three  coils,  each  coil  of  each  combination  has  the  same 
number  of  turns. 

The  various  types  of  coils  and  locations  of  leads  shown  on 
the  diagrams  are  classified  in  Table  I.  There  is  no  standard 
arrangement  of  leads  that  can  lie  applied  to  all  field  windings. 
In  the  more  modem  motors  it  has  been  necessary  to  place  the 


requires  carrying  in  stock  two  types  of  coils,  with  the  added 
chance  of  getting  coils  mixed  in  replacing  damaged  coils.  To 
provide  against  this,  these  coils  are  marked  with  an  "'X"  for 
crossed  coils  and  an  "O"  for  open  coils. 

It  is  considered  best  practice  in  connection  with  all  modern 
motors  and  is  recommended  for  old  motors,  to  use  cables  com- 
ing out  of  the  body  of  the  coil  instead  of  the  heavy  brass 
terminals,  to  make  the  wiring  around  the  frame  connection-. 
The  main  objection  to  the  use  of  terminals  is  that  they  are 
more  likely  to  break  off,  due  to  vibration,  or  to  develop  a  loose 
connection  and  burn  off  the  lead.  Another  disadvantage  is  the 
difficulty  of  properly  insulating  the  terminals  after  the  connec- 
tion is  made. 

John  S.  Dfj^n. 
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Vitrohm  Motor  Driven  Field  Rlieoslat. 


f  Panel  with  \  i 
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Ward  Leonard  Field  Rheostats  of  both  circular 
and  rectangular  types,  are  all  made  with  the  resist- 
ance element  completely  enveloped  in  Vitrohm  vit- 
reous enameled  insulation.  Vitrohm  is  immune 
to  chemical  or  atmospheric  action,  hence  the  ohmic 
value  of  Vitrohm  Rheostats  remains  permanent. 

Ward  Leonard  Field  Rheostats  are  smaller  and 
lighter  than  ordinary  rheostats,  because  Vitrohm  in- 
sulation permits  the  use  of  higher  resistance  in  a 
given  space. 

Standard  sizes  carried  in  stock  for  immediate 
shipment. 


Ivpe    P  F.    \'itrohm    Rheosta 
lor  low  \oltage  s<snerators. 


iew  of  6  in.  Vitrohn 
itreous  enameled  field 
Rheostat. 


"■j\ltiulnn    FitUi   Rheostats 

arranged  for  mounting  on 

back  of  switchboard 


Ward  Leonard/tectric  Company 


Walter  W.  Gaskill.  Boston 
Wm.  Miller  Tompkins,    Fbiladelplila 
Walter  P.  Ambos  Co..   Cleveland 
Sperry  &  Bittner,  Pittsburgh 


[TWount  ^ 
Vernon. 
Xewybrk. 


Westburg   Engineering   Co..    CUcago 
Electric  Material  Co..  San  Francisco 
Electrical    Specialties    Co..    Detroit 
Lyman  C.  Reed.  New  Orleans 
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NATIONAL  SAFETY  SECTION 


BOILER  ROOMS 

The  following  suggestions  for  main- 
tenance and  operation  of  boiler  rooms 
are  supplemental  to  local  laws  and  or- 
dinances, and  the  requirements  of  in- 
surance companies.  Attention  is  directed 
to  the  Boiler  Code  of  the  American 
Society  of  Mechanical  Engineers  and 
compliance  with  that  code  is  recom- 
mended. 

ORDER 

In  carelessly  kept  boiler-rooms  the 
stumbling  hazard  is  present  in  an  aggra- 
vated form.  Loose  coal  is  a  prolific 
cause  of  accidents.  If  firing  tools  are 
carelessly  placed,  one  is  almost  certain  to 
find  in  the  same  room,  steam  hose  care- 
lessly thrown  down,  wheelbarrows  left 
projecting  from  dark  corners,  skids  '.ir 
planks  behind  the  doors,  and  scores  of 
other  hazards  inviting  accident.  Space 
from  the  furnace  door  to  wall  of  room, 
other  boiler  setting,  coal  pile,  or  other 
obstruction,  should  be  sufficient  to  per- 
mit withdrawal  of  the  longest  tool  witli- 
out  hazard  or  inconvenience.  If  there 
is  sufficient  space  beside  the  boiler,  racks 
for  tools  should  I)e  provided  on  the 
boiler  setting.  Other  suitable  places 
may  be  the  front  of  the  setting,  the  wall 
of  the  room  in  front  of  the  boiler,  or 
the  back  of  the  boiler  setting.  Tool 
racks  must  be  substantially  built.  They 
must  prevent  falling  of  tools  and  must 
not  form  obstructions.  Racks  recessed 
in  walls  are  usually  satisfactory.  The 
practice  of  allowing  tools  to  lie  on  floor 
is  inexcusable. 

EXITS 

Two  or  more  ways  of  exit  should  be 
provided  from  boiler  rooms.  The  exits 
should  be  plainly  marked  and  illum- 
inated and  the  exit  doors  should  swing 
out  from  the  room. 

LIGHTING 

Boiler  rooms  are  often  slighted  as 
regards  both  lighting  and  ventilating. 
Coal  seems  to  suggest  dirt,  darkness, 
and  disorder  to  the  unthinking,  but  the 
visitor  to  this  department  is  often  struck 
by  the  painstaking  efforts  of  the  grimy 
firemen  in  their  attempts  to  secure  order 
and  safety. 

ELEVATED    RUNWAYS 

Elevated  runways  should  be  strongly 
constructed  and  adequately  railed  and 
protected.  Entrance  should  be  by  metal 
or  concrete  stairways.  (See  National 
Safety  Council's  "Safe  Practices — Stairs 
and  Stairways.")  Flooring  of  runways 
should  be  of  grating  type  rather  than  o; 
solid  construction — the  liklihood  of  ac- 
cumulating coal  dust  on  closed  construc- 
tion influencing  the  choice.  Several 
levels  of  runways  may  be  found  in 
properly  equipped  and  up-to-date  boiler 
rooms,  whereas,  in  the  older  construc- 
tion, ladders  are  depended  upon  to  reach 
the  several  points  necessary  in  the 
course  of  the  day's  work.  In  addition 
to  stairs  and  runways,  chain  or  indirect 
control  of  several  of  the  vital  valves  and 
safety  appliances  will  be  found  advis- 
able. 

FLOORS 

Brick  flooring  is  sometimes  recom- 
mended in  handbooks  on  this  subject. 
While  it  is  a  non-conductor  of  heat,  it 
lacks  smoothness  and  consequently  does 


not  lend  itself  to  eflicient  operation. 
Types  ol  tloors  may  be  different  around 
boiler  settings  and  under  coal  piles, 
f'loors  immediately  around  boilers 
should  be  of  metal 'plate  with  abrasive 
surface  or  of  concrete.  Under  the  coal 
pile,  concrete  will  afford  suitalile  footing 
and  will  not  interfere  wiih  use  of 
shovel.  Metal  plate  or  grating  should 
be  used  where  ash  conveyor  is  let  iinc. 
floor.  Non-slip  surface  should  be  used. 
If  inclines  are  used,  construction  should 
conform  to  that  outlined  under  "In- 
clines" in  "Safe  Practices — Stairs  and 
Stairways." 

STORAGE  OF  FUEL 

If  coal  is  dumped  from  railroad  cars 
into  a  hopper,  a  metal  grating  should  be 
used  near  the  top  of  the  hopper  to  pre- 
vent a  workman  falling  into  it.  Grating 
should  be  of  such  character  as  to  permit 
efficient  handling  of  coal  and  at  the 
same  time  to  afford  maximum  protec- 
tion for  workmen.  A  workman  entering 
a  bin  should  wear  a  safety  belt  and  life 
line.  L'pper  end  of  life  line  should  be 
securely  attached  to  stationary  object. 
A  companion  workman  should  keep  line 
adjusted  short  enough  to  prevent  man 
in  bin  from  being  drawn  under  material. 
Coal  is  often  cribbed  to  a  height  jf 
several  feet  and,  between  cribbings,  re- 
taining planks  are  placed  for  the  reten- 
tion of  excess  coal,  and  then  more  and 
still  more  coal  is  piled  on  top  of  the 
last.  Valuable  space  is  sacrificed,  the 
stumbling  hazard  is  multiplied  and  fre- 
quently no  beneficial  result  is  obtained. 
In  ordinary  practice  only  a  sufficient 
amount  of  coal  for  the  period  between 
replenishments — with  a  moderate  re- 
serve— should  be  allowed  in  the  room. 

WATER    SUPPLY 

If  a  reservoir  is  used  as  a  water 
supply,  it  should  be  fenced  to  a  height 
of  at  least  seven  feet.  Eighteen  inches 
or  more  should  be  allowed  between 
fence  and  curbing  for  use  in  cleaning 
or  emergency  work.  Gates  should  be 
securely  locked  and  admittance  refused 
to  any  except  specified  workmen.  If 
side  walls  of  reservoir  are  perpendicular 
or  slope  is  at  a  sharp  angle,  a  safety 
grab  rail  at  about  water  level  w-ill,  at 
times,  prove  invaluable  in  preventing 
accidents.  The  usual  rail  guards  are  not 
sufficient  protection  lor  reservoirs.  A 
fixed  ladder  or  stairway  should  be  in- 
stalled— this  to  reach  low-water  mark — 
as  a  means  of  escape  in  case  of  accident. 

FROM   WATER   SUPPLY  TO  BOILERS 

In  the  economizer,  the  temperature  of 
the  water  is  frequently  raised  to  nearly 
that  of  the  boiler.  .\s  the  economizer  is 
under  the  same  pressure  as  the  boiler, 
precautions  should  be  taken  to  maintain 
and  operate  the  economizer  with  the 
greatest  care.  The  w-atcr  should  enter 
the  boiler  after  passing  through  a  check 
valve.  A  safety  valve  should  be  pro- 
vided for  each  economizer.  The  boiler 
itself  should  conform  to  the  A.  S.  M.  E. 
code.  Many  engineers  recommend  that 
the  tops  of  boiler  settings  be  made  flat 
so  that  the  repairmen  are  provided  with 
a  rapid  means  of  escape  from  tops  of 
the  boilers  in  an  emergency,  and  with  a 
safe  route  to  travel  in  their  work.  This 
is  done  by  filling  around  the  drums  or 
shells  with  an  insulating  compound,  with 


four  or  five  inches  of  concrete  on  top. 
If  flat  top  settings  are  impracticable,  a 
continuous  walkway  (with  standard  rail- 
ings and  toeboards)  should  be  provided 
over  each  bank  of  boilers.  The  walk- 
ways, should  be  arranged  so  that  steam 
valves  and  safety  valves  are  accessible 
from  them.  Safety  valves  should  not 
discharge  across  the  tops  of  boilers. 
Direct  the  discharges  upward  and  have 
them  above  the  heads  of  men  who  .might 
be  working  around  them.  When  dis- 
charge pipes  are  carried  through  roofs, 
the  outlets  should  be  at  least  seven  feet 
above  the  roof  levels.  Where  discharges 
are  not  self-draining,  open  drains  of 
non-corrosive  material  should  be  placed 
at  the  lowest  possible  points.  These 
will  insure  against  collection  of  water, 
and  discharge  of  much  hot  water  when 
valves  open.  Drains  should  be  piped 
away  from  tops  of  boilers.  Leaving  the 
boiler  and  allied  appliances,  the  steam 
passes  through  a  triple-acting  valve  and 
an  ordinary  stop  valve  into  the  steam 
and  on  to  the  prime  mover.  Safe  and 
convenient  access  to  each  valve  should 
be  provided  (preferably  two)  by  means 
of  stairs  or  walkways  equipped  with 
railings.  Sufficient  headroom  (at  least 
six  feet)  and  adequate  illumination 
should  be  provided.  Steam  connections, 
valves,  and  main  are  all  specifically  set 
forth  in  the  handbooks  en  boiler  practice 
and  will  not  be  duplicated  here.  A  full 
list  of  safety  equipment  will  be  found 
in  the  A.  S.  M.  E.  code. 


NEW  BOOKS 


"Statistics  in  Business,  Their  Analysis, 
Charting  and  Use"— Horace  Secrist. 
137  pages,  30  illustrations.  Published 
by  McGraw-Hill  Book  Company.  For 
sale  by  The  Electric  Journal.  Price 
$2.00. 

This  book  is  primarily  for  use  in 
schools  of  commerce,  and  for  business 
executives.  As  the  treatment  is  quite 
brief  the  subject  cannot  be  discussed  at 
any  great  length.  Considerable  space 
is  devoted  to  methods  of  graphic 
analysis,  but  this  method  of  presenting 
facts  is  not  given  in  as  great  detail  as 
in  some  other  books  on  this  subject.  A 
good  chapter  is  given  on  summarizing 
facts  bringing  out  the  use  of  index 
numbers  for  various  comrnodities  in 
which  connection  references  is  rnade  to 
the  author's  book  "Introduction  to 
Statistic  Methods." 

"Inventions,  Their  Development,  Pur- 
chase and  Sale"— Wm.  E.  Baff.  230 
paces.  Published  by  D.  \'an  Xostrand 
Companv,  New  York  City.  For  sale 
bv  The  Electric  Journal.  Price 
$2.00. 

The  author  brings  out  the  point  that 
an  invention  and  a  patent  are  not  the 
same  thing.  Various  methods  are 
outlined  and  explained  for  making 
sales  of  inventions,  raising  funds  for 
promotion,  advertising  for  capital ;  also 
there  are  some  suggestions  on  ele- 
mentary contract  laws  and  mistakes  of 
inventors.  A  good  rule  for  every  in- 
ventor is  "To  get  it  down  on  paper  with 
dates  and  w-itnesses." 


August,  1920 
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"BACK    TO     MILWAUKEE" 

Nin  th 

Annual    Safety    Congress 

Sept.  27  to  Oct.  2,  1920 


e  Milwaukee  was  the  scene  of  the  First  Congress,   it  is  fitting  that  this  splendid  convention  hall- 
tlie   MILWAUKEE  AUDITORIUM — should   house  the  entire  activity  of  the  Ninth  Congress 


From  the  standpoint  of  achieve- 
ment the  Annual  vSafety  Congress 
ranks  as  one  of  the  most  impor- 
tant conventions  held  inAmerica. 

Five  thousand  men  and  women, 
actively  engaged  in  preventing 
the  useless  sacrifice  of  human 
life  from  accidental  causes,  will 
attend  the  Ninth  Congress. 

One  hundred  and  seventy-five 
speakers — men  of  national  rep- 
utation— specialists  representing 
every  phase  of  safety  and  in- 
dustrial betterment  work  will 
address  the  various  meetings. 
The  experiences  of  the  past  year 
will  be  reviewed,  and  a  new  and 
more  intensive  program  devel- 
oped for  the  coming  year. 


"The  Annual  vSafety  Show" — 
covering  46,000  square  feet  of 
floor  space — will  present  under 
one  roof  a  thoroughly  compre- 
hensive display  of  up-to-date  ap- 
pliances and  equipment  for  safe- 
guarding the  health  and  lives  of 
workers. 

If  you  intend  to  exhibit  at  the 
"Safety  Show"  your  reservation 
for  space  should  be  in  now. 
Even  46,000  square  feet  does 
not  last  long  when  it  is  being 
sold  in  "quarter-sections." 

Every  convenience  for  the  oper- 
ation of  machines  and  equip- 
ment has  been  arranged  for — 
water,  steam  and  electricity. 

For  detailed  information  write 


W.    H.    Fk.vi'ER.   Business  Manager 


NATIONAL   SAFETY    COUNCIL 

co-op  c  ra  t IV  c 
uoii-couiiJiercial 


168  North  Michu;an   AvF.Nir. 


Cnu'.\(,(),    Illinois 


Please 


ilioii  The  Electric  Journal  zehen  zcriliiig  to  advertisers 
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PERSONALS 


Mr.  Norman  Bell,  of  the  sales  de- 
partment of  the  Norma  Company  ot 
America,  has  been  made  assistant  sales 
manager  of  the  company  with  head- 
quarters at  their  Long  Island  City  office. 


Mr.  Geo.  D.  Luther,  agent  for  the 
Electric  Storage  Battery  Company  a'. 
Denver,  has  been  transferred  to  repre- 
sent this  company  at  their  Seattle  office, 
8li  White  Building. 


Mr.  Don  C.  Wilson,  formerly  elec- 
trical engineer  for  the  Union  Pacific 
Railroad,  has  been  appointed  assistant 
sales  manager  for  the  Edison  Storage 
Battery  Company,  where  he  will  have 
charge  of  the  railroad  department. 


Mr.  G.  B.  Rosenblatt,  the  western 
specalist  in  mining,  smelting,  electro- 
metallurgical  and  electrochemical  in- 
dustries for  the  Westinghouse  Company, 
has  moved  his  headquarters  from  Salt 
Lake  City  to  San  Francisco. 


Mr.  G.  W.  Canney,  service  manager 
of  the  Westinghouse  Electric  &  Mfg. 
Company  at  East  Pittsburgh,  has  been 
transferred  to  the  office  of  W.  K.  Duo- 
lap,  assistant  to  vice-president.  To 
succeed  him  two  service  managers  have 
been  appointed.  Mr.  L.  C.  Richards, 
service  manager  of  the  New  York  office, 
has  been  transferred  to  East  Pittsburgh 
and  made  electrical  manager  of  service 
work  in  connection  with  all  electrical 
apparatus.  Mr.  A.  D.  Hunt,  of  the 
South  Philadelphia  works,  has  been  ap- 
pointed steam  service  manager  in  charge 
of  service  of  all  steam  apparatus. 


Midstate  Engineering  Company,  West- 
minster Bldg.,  Chicago,  Illinois,  has  re- 
cently been  oiganized  to  carry  on  con- 
sulting practice,  specializing  in  in- 
dustrial, power  and  plant  engineering. 
Mr.  R.  J.  Gaudy,  formerly  of  the 
Sessions  Engineering  Company,  will 
have  charge  of  the  enginering  workand 
Mr.  J.  H.  Milliken,  formerly  of'  the 
Electrical  Engineers  Equipment  Com- 
pany, will  have  charge  of  the  equipment 
and  commercial  division  activities  of 
this  organization. 

A.  H.  Grayburn,  who  has  been  con- 
nected with  the  treasurer's  department 
of  the  Westinghouse  Electric  &  Mfg. 
Company  for  nine  years,  has  been  made 
assistant  secretary  and  assistant  trea- 
surer of  the  Norma  Company  of  Am- 
erica, Long  Island  City,  New  York. 


F.  L.  Easton  has  been  appointed  man- 
ager of  the  Denver  district  office  of  the 
Economy  Fuse  Company  of  Chicago, 
with  headquarters  at  205  Commonwealth 
Bldg.  Mr.  Easton  succeeds  Mr.  R.  M. 
Olsen,   who   resigned   recently. 

Mr.  F.  B.  Kirkbride,  vice-president  ot 
the  S  K  F  Industries,  Inc.,  has  been 
elected  president  of  this  organization  to 
succeed  Mr.  B.  G.  Prytz,  whose  resigna- 
tion was  accepted  on  account  of  his 
having  been  elected  managing  director 
of  the  Parent  Company  with  head- 
quarters at  Gothenburg,  Sweden. 


Mr.  R.  Roth,  formerly  of  the  Lewis 
&  Roth  Corporation  of  Philadelphia,  has 
resigned  to  become  sales  manager  of 
Schweitzer  &  Conrad,  Inc.,  of   Chicago. 


Mr.  J.  L.  Ray,  Manager  of  the  Pitts- 
burgh Office  of  the  Western  Electric 
Company,  has  been  transferred  to  the 
New  York  City  office  as  power  apparatus 
sales  manager. 


Mr.  E.  L.  Sessions,  president  of  the 
General  Devices  &  Fittings  Compan-. 
has  resigned  from  this  organization  to 
devote  his  entire  attention  to  the  Ses- 
sions Engineering  Company  of  Chicago, 
owing  to  the  continued  growth  of  the 
latter  organization. 


Mr.  W.  R.  Marshall  has  been  ap- 
pointed manager  of  the  industrial  divi- 
sion of  the  New  York  City  office  of  the 
Westinghouse  Electric  &  liifg.  Company, 
succeeding  Mr.  H.  A.  Pratt,  who  re- 
signed to  become  sales  manager  of  the 
.-^lantic  Elevator  Company  of  Nejv 
York. 


Mr.  D.  H.  Colcord  of  the  publicity 
department  of  the  Westinghouse  Air 
Brake  Company,  Wilmerding,  Pa.,  has 
been  appointed  advertising  manager  of 
the  Square  D  Company  of  Detroit, 
makers  of  safety  switches  and  similar 
devices. 


NEW  BOOKS 


"Technical  Writing"— T.  A.  Rickard. 
178  pages.  Published  by  John  Wiley 
S:  Sons  Company.  For  sale  by  The 
Electric  Journ.al.  Price  $1.50. 
This  little  book  by  the  editor  of  the 
Mining  end  Scientific  Press  of  San 
Francisco  and  formerly  of  the  Engineer- 
ing and  Mining  Journal  of  New  York,  is 
based  on  a  series  of  lectures  delivered 
to  engineering  classes  at  the  Universitj- 
of  California.  The  book  is  filled  with 
good  and  bad  examples  of  technical 
writing,  most  of  them  naturally  being 
examples  from  the  mining  industry. 
The  subject  is  discussed  under  general 
appearance,  clearness,  precision,  super- 
latives, relative  pronouns,  prepositions, 
hyphens  and  compound  words,  slovenli- 
ness, construction  of  sentences,  compo- 
sition and  style,  and  will  well  repay  any 
engineer  who  desires  to  polish  up  one 
of  his  most  effective  tools— his  ability 
to  express  himself  clearly  and  concisely. 

"Direct-Current  Motor  and  Generator 
Troubles" — Theodore  S.  Gandy  and 
Elmer  C.  Schacht.  274  pages,  107 
illustrations.  Published  by  McGraw- 
Hill  Book  Company.  For  sale  by  The 
Electric  Journ.m.,  Pittsburgh,  Pa. 
Price  $2.50. 

The  object  of  this  book  is  to  present 
simple  and  effective  methods  for  tracing 
and  remedying  difficulties  in  direct-cur- 
rent motors  and  generators.  As  the 
authors  state,  many  books  have  been 
written  on  how  motors  and  generators 
run  but  a  vast  army  of  operators  are 
even  more  interested  in  why  they  do  not 
run  correctly.  In  addition  to  the  dis- 
cussions which  would  naturally  be  in- 
cluded under  such  a  heading,  sections 
are  devoted  to  erection  and  assembly, 
also  direct-current  switchboards,  with 
final  chapters  on  methods  of  testing  and 
useful  data. 


The  Gamewell  Fire 
Alarm  Telegraph  Co. 

Cn.rul  (Jjfii.sunJ  ll'orts 

NEWTON  UPPER  FALLS 

MASS. 

Manufacturers  and  Contractors 
for  57  Years 

Fire  Alarm  and  Police 
Signal  Telegraphs 

Over  5000  plants  installed  in  the 
United  States 

Special  attention  is  paid  to  the  pro. 

tection  of  public  institutions, 

industrial  corporations 

and    railroad 

properties 
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The  Growth  and  the  Accomp- 
lishments of  the  Assoc, 
of  I.  CS,  S.  E.  E. 

B.  W.  GILSON 

President 

THE  growth  of  the  Association  of  Iron  and  Steel 
Electrical    Engineers    has    not   only    been   great 
numerically,  but  the  improved  character  of  the 
papers  presented  and  the  good  accomplished  has  been 
phenomenal.     In  1907,  this  Association  was  organized 
with    twenty-eight    members    and     in    January     1920 
it  had  1000  members.     From 
January     first    to    September 
first  this  year  we  have  taken 
in  134  new  members,  making 
the  total  membership  11 34. 

In  the  beginning,  we 
thought  that  an  attend- 
ance at  the  monthly  meetings 
of  from  twenty  to  thirty  men 
was  excellent,  whereas  we 
now  have  at  these  meetings 
an  attendance  of  from  two  to 
three  hundred  men  and  the 
latest  joint  meeting  of  the 
Cleveland  and  Pittsburgh 
Sections  was  attended  by 
650.  The  sectional  growth 
has  greatly  exceeded  our  ex- 
pectations. In  the  ei-rly 
days  of  the  Association  only 
one  section  was  organized. 
We  are  now  operating  five 
large  and  flourishing  sections 
and  within  the  next  year  we 
expect  to  get  a  sixth  section 
started. 

The  proceedings  of  the 
Association  were  first  is- 
sued only  one  each  year,  while  today  we  have  an  As- 
sociation Journal,  issued  each  month,  with  a  combined 
book  of  the  yearly  proceedings  at  the  end  of  each  year. 
We  do  not  consider  the  monthly  journal  as  a  trade 
paper,  since  the  articles  contained  therein  are  both 
technical  and  practical,  and  the  records  and  explana- 
tions of  the  electrical  equipment  are  such  that  they  can  these  men  take  in  the  activities  of  the  Associatioji,  we 
be  easily  read  and  understood  by  the  non-professional  feel  that  there  has  been  a  noticeable  increase  in  the  ex- 
man.     The  character  of  all  the  papers  presented  before     ports  of  electrical  equipment  from  this  country. 


B.  W.   GiLSON 

Electrical  Superintendent,  Ohio  Work: 
Carnegie  Steel  Co.,  Yoiingstown 


Ibis  Association  has  greatly  improved  and  I  want  par- 
ticularly to  call  attention  to  two  of  the  principal  papers 
[iresented  during  the  past  year.  A  paper  entided 
■'Electrical  Features  of  a  Modern  Steel  Plant"  and  an- 
other entitled  "Steam  versus  Electric  Driven  Mills",  are 
of  particular  importance.  The  great  value  of  the  first  is 
due  to  the  fact  that  it  takes  up  the  electrification  of  a 
steel  mill  from  the  ore  pile  to  the  finished  product,  giv- 
ing motor  sizes,  power  requirements,  tonnage  rolled  and 
nnich  valuable  information  for  the  steel  mill  operator. 
This  is  the  first  time,  to  our  knowledge,  that  a  subject  of 
this  kind  has  been  so  thoroughly  developed  in  the  form 
of  an  Association  i>aper,  giving  such  a  large  amount  of 
valuable  information  and 
data.  The  second  paper  is 
also  of  exceptional  value  in 
that  both  sides  of  this  ques- 
tion of  steam  versus  electric 
(lri\-e  are  thoroughly  dis- 
cussed by  prominent  engi- 
neers, who  are  the  best 
authorities  in  this  count; y  on 
steam  and  electric  drives. 
The  conclusions  arrived  at  in 
this  paper  are  only  the  begin- 
nings of  the  advancement  of 
electrification  of  iron  and 
steel  mills.  We  feel  that  the 
l)apers  and  the  discussions  of 
this  Association  have  proven 
to  be  of  far  greater  value  to 
the  steel  mill  engineers  than 
the  highly  scientific  treatises 
seen  in  the  proceedings  of 
siinie  i;l  the  older  societ'tc. 

1  he  influence  of  the 
.Vssociation  of  Iron  &  Sieel 
Electrical  Engineers  extends 
not  only  to  every  steel  mill 
center  in  the  United  Stales, 
Imt  al^o  to  those  of  every 
foreign  country;  so  nnich  so,  that  the  steel  mill  men  in 
foreign  countries  are  rapidly  affiliating  themselves  with 
our  Association  as  active  members.  W'e  now  have  en- 
rolled as  members,  engineers  from  England,  Austrilia, 
France,  South  Africa,  Scotland,  Mexico,  Japan,  Canada, 
India  and  South  America.     Largely  due  to  the  interest 
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A  further  reason  for  the  rapid  growth  of  this  As- 
sociation is  the  spirit  of  fellowship,  intensified  by  the 
monthly  gatherings  and  the  inspection  trips  or  tours  of 
various  steel  mills.  Great  good  is  accomplished  by 
these  visits  to  the  different  plants,  as  they  allow  operat- 
ing men  to  see  how  the  other  fellow  installs  his  appara- 
tus and  also  the  type  of  equipment  he  uses.  In  fact  so 
much  good  has  resulted  from  previous  inspection  trips 
that,  in  the  future,  larger  trips  of  this  kind  have  been 
filanned. 

The  Fourteenth  Annual  Convention  of  the  Asso- 
ciation of  Iron  &  Steel  Electrical  Engineers,  will  be  held 
at  the  Hotel  Pennsylvania,  New  York  City,  September 
20th  to  24th,  inclusive  and  the  prospects  are  that  this 
will  be  one  of  the  most  successful  and  largest  conven- 
tions that  we  have  ever  held.  One  of  the  most  in- 
teresting features  of  the  convention  this  year  is  the  ex- 
hibition of  apparatus  of  the  various  manufacturers.  In 
previous  years,  the  electrical  manufacturers'  exhibits 
were  scattered  through  the  various  hotel  rooms  and  it 
was  difficult  to  locate  and  inspect  them  all.  This  year 
all  of  the  exhibits  have  been  confined  to  booths  located 
en  the  floor  where  the  technical  sessions  will  be  held. 
We  wish  to  emphasize  the  fact  that  these  exhibits  pro- 
vide an  educational  feature  in  conjunction  with  the 
technical  sessions,  and  should  prove  of  great  value  to 
the  steel  mill  operator.  The  manufacturers'  apparatus 
is  not  exhibited  simply  to  fill  up  space,  but  as  it  repre- 
sents the  latest  and  the  best  equipment  now  on  the 
market,  it  should  prove  of  great  benefit. 

In  general,  the  papers  to  be  presented  at  this  con- 
vention will  deal  with  the  complete  electrification  of  a 
steel  plant  with  discussions  by  engineers  who  represent 
every  steel  mill  center  of  any  consequence  in  the  United 
States.  All  of  the  papers  on  the  convention  program 
represent  the  earnest  effort  and  hard  work  of  the 
authors. 

For  the  future  of  the  Association,  the  scope  of  our 
society  is  unlimited.  The  Association  is  young  and  I 
hope,  within  the  next  three  or  four  years,  to  see 
societies  established  in  all  foreign  countries,  so  that  by 
the  interchange  of  international  ideas  we  can  progress 
more  rapidly.  The  members  of  this  Association  must 
not  lose  sight  of  the  fact  that  our  success  is  due  in  a 
large  measure  to  our  specialization  in  the  application  of 
electricity  to  the  iron  and  steel  industry,  and  we  do  not 
want  to  depart  from  this  fundamental  principle  of  our 
Association. 

During  my  term  of  office,  I  have  been  greatly 
pleased  at  the  high  degree  of  co-operation  given  by  the 
officers  and  members  in  every  activity  for  the  benefit 
and  welfare  of  the  Association.  I  want  to  take  this 
opportunity  of  acknowledging,  with  thanks,  the  able 
assistance  and  earnest  effort  which  my  co-workers,  the 
officers  and  members  of  this  Association,  have  always 
given,  and  I  feel  that  it  is  to  them  that  the  success  and 
high  standing  of  the  Association  is  largely  due. 


The  Electric  Motor  in  the 
Steel  Mill 

G.  E.  STOLTZ 

Steel  Mill  Engineer, 
Westinghouse  Electric  &  Mfg.  Company 

EARLY  in  the  sixteenth  century,  Ponce  de  Leon 
led  an  expedition  to  Florida  in  search  of  a  fabled 
fountain  of  perpetual  youth.  The  modern  elec- 
tric motor  would  seem  to  have  attained  the  attribute  he 
sought,  as  it  may  truly  be  said  to  have  continued  youth, 
its  efficiency  remaining  the  same  over  a  wide  range  of 
load,  regardless  of  its  years  of  service.  The  auto- 
mobile or  steam  engine  may  have  excellent  guarantees 
of  economy  and  will  meet  them  under  the  most  ad- 
vantageous conditions.  On  a  long  trip  with  the  engine 
in  good  condition,  an  automobile  may  make,  say,  seven- 
teen miles  to  the  gallon,  but  the  owner  by  no  means 
expects  such  a  record  as  a  yearly  average.  A  steam 
engine  driving  a  rolling  mill  may  have  very  good 
economy  at  80  to  100  percent  load,  but  the  require- 
ments of  such  mills  vary  from  one-quarter  load  to  load 
end  a  half,  so  that  it  is  impossible  to  take  advantage  of 
the  engine's  best  economy  at  some  particular  load.  In 
addition,  the  constant  wearing  of  the  piston  rings  and 
any  loss  of  adjustment  of  the  valves  will  increase  the 
sieam  rate  of  the  engine,  even  at  the  most  advantageous 
load.  The  efficiency  of  an  electric  motor  is  high  from 
fractional  load  to  an  extended  overload,  and  there  are 
no  wearing  parts  that  tend  to  change  this  characteristic 
with  service.  The  first  motors  installed  on  main  rolling 
mills  were  two  1500  hp  direct-current  adjustable  speed 
motors.  Their  efficiency  remains  practically  the  same, 
v.hether  carrying  one-half  load  or  one  and  one-half 
load;  whether  they  are  running  at  full  field  speed  or 
v.'ith  weakened  field.  This  feature  of  their  perform- 
ance has  remained  constant  throughout  their  entire 
period  of  service,  which  dates  back  to  1907. 

This  characteristic  of  constant  efficiency  and  the 
possibility  of  transmitting  electric  power  to  all  parts  of 
a  plant,  whether  remote  or  near  to  the  source  of  power, 
with  equal  economy,  has  contributed  greatly  to  make 
the  electric  motor  the  universal  agent  to  replace  manual 
effort. 

The  electric  motor  is  not  only  finding  new  applica- 
tions in  the  steel  mill  industry,  but  the  tonnage  output 
of  iron  and  steel  doubles  every  ten  years,  requiring 
many  new  plants,  nearly  all  of  which  are  being  equipped 
for  electric  drive  throughout.  In  1918,  thirty-nine 
million  tons  of  pig  iron  were  produced,  having  a 
volume  sufficient  to  build  two  solid  pyramids  the  size  of 
the  great  pyramid  of  Cheops. 

At  the  present  time  the  electrical  manufacturers 
produce  annually  thirteen  million  dollars  worth  of 
apparatus  for  the  steel  industry,  which,  if  manufac- 
tured in  one  plant,  would  require  an  organization  com- 
parable to  that  of  some  of  our  large  steel  plants.  If 
the  apparatus  completed  in  a  year  were  loaded  at  one 
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time,   one   hundred   train   loads   would   be   required   to 
make  the  shipment. 

In  recent  years,  the  position  of  the  electrical  manu- 
facturer has  changed  from  that  of  exploiting  electric 
drive  in  the  steel  mill  industry,  to  one  of  straining  every 
effort  to  produce  sufficient  apparatus  to  meet  the  grow- 
ing demand.  This  simply  indicates  that  the  bteel 
companies  are  planning  to  drive  all  their  mills  electric- 
ally, so  as  to  utilize  all  their  steam  in  economical 
generating  units,  and  thereby  provide  a  margin  of 
economy,  which  will  enable  them  to  sell  steel  at  a  profit 
when  the  time  comes  that  their  customers  will  more 
closely  scrutinize  prices. 


The  Regulation  of  Electric 
Furnaces 

C.  B.  GIBSON 

Manager,  Metallurgical  &  Electrochemical  Section, 
Westinghouse  Electric  &  Mfg.  Company 

THE  metallurgical  industry  has  grown  quite  rapidly 
during  the  past  few  years.  While  this  expan- 
sion was  stimulated  largely  by  war  conditions, 
the  fact  that  this  country  possesses  substantial  amounts 
of  almost  all  the  necessary  raw  materials,  together  with 
almost  unlimited  water  power  resources,  gives  assur- 
ance of  the  future  and  permanency  of  the  industry. 
xMong  with  this  expansion  have  come  new  and  im- 
proved chemical  methods  and  processes  which,  in  turn, 
have  involved  newer  and  broader  applications  of  elec- 
tricity and  in  some  cases  the  development  of  entirely 
new  apparatus.  As  a  typical  example,  the  enormous 
expansion  in  the  iron  and  steel  industry  during  the  past 
few  years,  the  increasing  demand  for  alloy  steels  and 
the  corresponding  demand  for  ferro-alloys,  have 
greatly  increased  the  use  of  electric  steel  melting,  re- 
fining and  ferro-alloy  furnaces  and  their  products. 

Refinements  in  the  construction  of  the  electric  fur- 
nace and  its  auxiliary  equipment  are  continually  being 
made,  with  a  view  of  greater  tonnage  output  and 
economy  of  production.  Possibly  one  of  the  most  im- 
portant improveraents  from  the  standpoint  of  the 
jiuxiliary  equipment  has  been  in  the  devices  for  control- 
l.ng  the  position  of  the  electrode,  so  as  to  keep  the 
working  conditions  of  the  furnace  as  uniform  as 
['.ossible.  The  day  of  hand  regulation  of  electric  fur- 
naces is  past,  and  automatic  regulation  is  now  used  uni- 
versally. Among  the  recognized  advantages  of  auto- 
matic regulation  are — large  saving  in  labor  costs,  an 
appreciable  reduction  of  the  time  of  getting  out  a  heat 
and  more  efficient  utilization  of  the  current  input  to  the 
furnace,  due  to  the  steadier  furnace  conditions. 

The  type  of  regulator  described  by  Mr.  Allen  in 
this  issue  embodies,  in  addition  to  the  above  advantages, 
many  salient  features  which  should  particularly 
commend  it  to  the  furnace  operator.  These  features 
permit  the  use  of  faster  electrode  speeds  without  hunt- 
ing or  overtravel  and  eliminate  any  possibility  of  one 


electrode  getting  down  into  the  bath  of  molten  metal, 
thus  raising  the  carbon  content,  which  is  often  objec- 
tionable. Another  feature  which  should  particularly 
commend  the  regulator  is  its  simplicity  and  ruggedness. 
It  is  expected  that  this  regulator  will  mark  a  new  era 
m  furnace  operation. 

Maintaining  a  balanced  load  on  all  the  phases  of  a 
polyphase  system,  and  keeping  a  fairly  constant  volt- 
age, at  any  adjustable  value,  regardless  of  wide  fluc- 
tuations of  load,  are  both  important  to  the  furnace  op- 
erator, as  they  affect  his  relations  to  the  source  of 
power  supply  and  the  quality  of  his  product.  The  vari- 
ous methods  of  balancing  the  furnace  loads  are  dis- 
cussed in  detail  by  Mr.  Evans,  in  this  issue.  We  be- 
lieve his  article  is  the  first  published  analysis  of  this 
interesting  and  important  problem. 

Various  types  of  voltage  regulators,  based  on  the 
principle  of  varying  the  high-voltage  taps  of  a  trans- 
former, have  been  in  use  for  a  number  of  years.  In 
practically  all  these,  comparatively  few  steps  of  volt- 
age were  available.  On  the  other  hand,  the  standard 
induction  regulator  was  not  applicable,  except  in  the 
smaller  capacities,  on  account  of  limitations  in  size  and 
current  carrying  capacity.  Accordingly,  a  demand 
developed  for  a  regulator  of  large  capacity  which 
would  give  a  uniform  voltage  variation  over  a  wide 
renge.  Such  a  regulator  has  been  developed  and  is 
used  for  controlling  graphite,  carborundum,  zinc  and 
similar  types  of  furnaces.  It  possesses  many  decided 
advantages  over  previous  types.  Since  the  power  input 
is  under  the  complete  control  of  the  operator,  the  fur- 
nace can  be  operated  more  efficiently,  resulting  in 
greater  tonnage  output  and  improved  product  with 
lower  conversion  costs.  In  addition  the  close  control 
ever  the  power  supply  circuit  eliminates  momentary 
peaks,  which  are  not  only  objectionable  to  the  power 
company  but  also  to  the  user.  There  should  be  a  wide 
application  of  this  type  of  regulator  for  use  with  vari- 
ous types  of  furnaces. 


Electric  Drives  for  Steel  Mills 

BRF.NT  WILEY 

Assistant  Manager,  Industrial  Sales  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

THE  GROWTH  in  the  use  of  electricity  in  the 
steel  industry  during  the  past  twenty  years  has 
been  phenomenal.  While  formerly  only  a  !=mall 
percentage  of  the  primary  power  was  electric,  it  is  esti- 
mated that  seventy-five  percent  of  the  primary  power 
of  new  mills  installed  during  the  last  five  years  has  in- 
cluded electric  motors,  and  at  present  approximately 
forty-five  percent  of  the  total  power  used  is  electrical. 
The  many  improvements  offered  by  the  use  of  eiec- 
tricity,  including  almost  every  phase  of  steel  mill 
activity,  have  assisted  materially  in  the  development  of 
steel  mill  practice  to  its  present  high  state. 

Specially  designed  mill  motors  and  magnetic  con- 
trollers have  reduced  the  necessary  skilled  labor  to  a 
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minimum  and  made  possible  man)-  automatic  or  ^elf- 
controlled  operations.  The  electric  apparatus  is  of 
more  durable  and  reliable  design  and  the  result  has 
been  improved  design  of  mill,  increased  capacity,  fewer 
shut  downs,  less  repairs  and  safer  working  condi=.i(.ns. 
Motor  drive  for  the  main  rolls  has  become  almost  uni- 
versal practice  during  the  last  ten  years.  All  types  of 
mills  have  been  electrified  and  motors  have  been,  de- 
signed to  meet  every  requirement.  The  flexir.ility 
offered  by  electric  drive  in  speed,  layout  of  mill,  mi^thod 
of  drive  and  other  details  has  been  of  direct  benefit  in 
improving  steel  mills.  One  of  the  principal  advant.jsres 
of  electrification  is  that  it  permits  the  most  economical 
power  layout  from  the  standpoints  of  generation,  dis- 
tribution, upkeep  and  reliability.  It  is  a  very  flexible 
system  in  reference  to  future  extensions,  and  the  laiger 
the  plant  becomes,  the  greater  are  the  advantages  :;  be 
gained. 

The  electric  furnace  is  becoming  a  prominent  fac- 
tor in  the  melting  and  refining  of  steel  and  there  are 
hiany  indications  that  its  use  will  increase  rapidly 
vithin  the  next  few  years.  It  is  thus  evident  that  elec- 
tricity plays  an  important  part  in  both  the  design  ind 
operation  of  the  steel  plant.  The  questions  of  fuel 
economy,  space  required,  tonnage  of  mills,  and  best 
method  of  melting  and  refining  the  steel  are  demanding 
more  and  more  study.  In  the  majority  of  cases  these 
problems  are  best  solved  by  the  use  of  electricity. 

Much  credit  is  due  the  Association  of  Iron  &  Steel 
r.lectrical  Engineers  for  the  part  which  they  have  taken 
in  making  the  application  of  electricity  to  the  stec;!  in- 
dustry so  successful.  The  close  co-operation  of  Ihe 
members  has  been  very  effective  in  developing  a  clear 
and  practical  analysis  of  steel  mill  problems,  so  that 
their  solution  has  been  accomplished  with  minimum  de- 
lay and  duplication  of  effort,  ar  d  repeated  mist  ikes 
have  been  practically  eliminated. 


Internal   Heating   of   Genera- 
tor Coils 

B.  A.  BEHREND 

Consulting  Engineer, 
Boston,  Mass. 

Till",  INTERNAL  heating  of  armature  coils  has 
l)een  a  subject  of  great  interest.  This  interest  is 
due  not  solely  to  the  enormous  importance  of  a 
tl  orough  knowledge  of  the  phenomena  and  condiJons 
prevailing  within  the  insulation  and  affecting  the  life 
and  security  of  the  machine,  but  also  to  the  great 
scientific  and  engineering  interest  which  attaches  to  this 
problem.  Messrs.  B.  G.  Lamme,  F.  D.  Newbury  and 
their  collaborators  have  done  splendid  pioneer  work  in 
this  field,  and  their  labors,  while  not  yet  completed,  have 
added  greatly  to  our  knowledge  of  this  intricate  and  im- 
portant subject. 

The  measurement  of  temperatures  on  the  outside 
of  the  insulation  of  the  armature  coils  of  larec  electric 


generators,  especially  of  turbogenerators,  has  been 
common  practice,  and  it  has  received,  most  unfortun- 
ately, the  sanction  of  the  Standards  Committee  of  the 
American  Institute  of  Electrical  Engineers.  It  was 
thought  that  the  temperature  measured  between  the  two 
coils  in  a  slot,  where  the  insulation  is  contiguous,  would 
indicate  accurately  the  temperature  of  the  coil  on  the 
mside,  as  it  was  thought  that  the  temperature  diop 
tlirough  the  insulation  would  be  zero  at  this  point,  in 
view  of  the  fact  that  the  copper  conductors  of  both 
coils  form  conjugate  points  in  relation  to  the  place 
v.here  the  temperature  detector  was  located. 

While  this  assumption  would  be  correct  if  the 
copper  of  the  two  coils  was  at  the  same  temperature, 
if  there  was  no  heat  flow  to  the  slot  sides,  and  if  the 
temperature  detector  was  infinitesimally  small,  it  is 
not  accurate  when  the  two  coils  are  of  unequal  tem- 
peratures, when  there  is  heat  flow  to  the  sides  of  the 
sicts,  and  when  the  size  of  the  temperature  detectors  is 
not  negligible.  This  has  been  demonstrated  experi- 
mentally as  reported  by  Messrs.  Newbury  and  Fech- 
heimer,  at  the  recent  Convention  of  the  American  In- 
stitute of  Electrical  Engineers  at  White  Sulphur 
Springs. 

It  may  be  helpful  for  those  who  have  difficult}-  in 
comprehending  the  subject  or  who  have  the  desire  to 
bring  it  to  the  attention  of  laymen,  to  think  of  an  arma- 
ture coil  in  a  turbogenerator  as  a  person  completely 
c'ad  and  covered  with  a  felt  suit  similar  to  a  diver's 
suit.  The  blood  temperature  of  such  a  person  might 
be  uniform  in  any  part,  but  the  temperature  measured 
en  the  outside  of  this  felt  suit,  if  a  number  of  air  cur- 
rents were  directed  against  it  by  means  of  jets,  would 
vary  entirely  with  the  position  and  exposure  of  the  tem- 
perature detector,  and  there  would  not  be  any  definite 
relation  between  the  temperature  thus  measured  on  the 
outside  of  the  suit  and  the  blood  temperature  of  the 
jerson  within.  This  is  a  good  analogy  to  the  copper 
coil  completely  covered  with  insulation.  It  appears 
quite  evident  that  no  device  and  no  measurement  of 
external  temperatures  can  permit  any  direct  inference 
as  to  the  conditions  prevailing  inside  the  insulUing 
wrapper. 

Even  the  calibration  of  temperature  detectors 
which  are  placed  on  the  outside  of  the  coil,  by  compjiri- 
son  with  temperature  detectors  placed  directly  in  con- 
tact with  the  copper,  is  unreliable  and  of  little  us?.  A 
fairly  good  idea  of  the  average  temperature  of  the 
armature  copper  may  be  obtained  by  resist;ij"-ce 
measurements  of  the  coil  itself  before  and  after  a  heat 
run,  but  such  measurements  give  only  the  average  of 
the  temperatures  at  different  parts  of  the  coil.  Yet 
the  placing  of  temperature  detectors  next  to  the  coi;per 
is  a  verj'  unsatisfactory  proceeding  and  is  to  be  dis- 
couraged, as  it  reduces  the  security  of  the  insulation. 

The  recent  contributions  to  this  subject  are  amsng 
the  most  valuable  experimental  investigations  that  have 
bcpn  made  relative  to  this  matter. 
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R.  B.  Gerhardt 

Electrical  Engineer, 

Bethlehem  Steel  Company 

THE  XEW  60  inch  Universal  Plate  Mill  at  the 
Sparrow's  Point  plant  of  the  Bethlehem  Steel 
Company,  has  been  in  successful  operation  for 
the  past  ten  weeks,  and  inasmuch  as  it  is  the  largest 
reversing  electric  driven  universal  mill  in  this  coun- 
try, electrical  engineers  will  probably  be  interested  in 
J.  brief  description  thereof,  with  particular  reference 
to  the  main  driving  equipment. 

Fig.  2  shows  the  layout  of  the  mill,  which  is 
divided  into  four  principal  sections,  furnace  section, 
mill  section,  finishing  section,  and  shipping  section.  A 
p?.rt  of  the  mill  section  is  separate  from  the  mill 
proper,  and  housed  in  to  contain  the  electrical  eciuip- 
ment  for  the  main  drive,  as  well  as  for  the  auxiliary 
power  and  control  equipment;  also  a  part  of  the  ship- 
ping   section    in    a    like    manner    contains    the    motor 
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driven  pumps  for  supplying  hydraulic  power  to  the 
mill,  and  in  this  pump  house  are  located  machine  tools 
and  mechanics   for  taking  care  of  the  mill   repaiis. 

Hot  slabs  direct  from  the  40  inch  mill  are  lo.'ided 
by  means  of  a  special  tongs  crane  of  21  foot  span  onto 
cars  which  are  shifted  by  locomotive  directly  into  the 
furnace  section  of  the  mill.  Cold  slabs  can  also  be 
sent  to  the  mill  on  similar  cars,  which  are  loaded  in  the 
slab  yard  by  one  of  two  fifteen  ton  magnet  cranes. 
Two  ten  ton  slab  charging  cranes  handle  the  slabs 
from  these  cars  into  and  out  of  the  heating  furnaces, 
of  which  there  are  six,  each  equipped  with  four  motor- 
operated  doors  and  arranged  for  firing  either  oil  or 
producer  gas.  Hot  slabs  from  the  furnaces  are 
placed    on    an    ingot    bugg}-,    operated    by    an    electric 


motor  driven  winch  and  cable,  and  delivered  in  front 
of  the  mill,  where  an  electric  driven  pusher  discharges 
them  onto  the  approach  table,  driven  by  a  50  hp  mill 
type  motor.  From  the  approach  table,  the  steel  passes 
to  the  front  live  table  and  into  the  mill  proper,  which 
is  a  Morgan  60  inch  two-high  reversing  unit,  de- 
signed to  roll  62  by  13  in.  10  000  pound  slabs  down  to 
^i  by  60  in.  plate  in  21  passes.  The  horizontal  rolls 
are  36  inches  in  diameter  and  revolve  at  a  maximum 
speed  of  100  r.p.m.,  while  the  vertical  rolls  are  21 
mches  in  diameter  and  are  geared  to  give  as  nearly  as 
possible  the  same  peripheral  speed  as  the  horizontal 
rolls.  The  lift  of  the  top  roll  is  20  inches  and  the 
screw  down  is  operated  by  two  80  hp  mill-type  motors 
located  on  the  top  of  the  pinion  housing.  The  adjust- 
ment of  the  vertical  rollers  is  taken  care  of  b_v  two  50 

hp  mill-type  motors 
located  on  brackets 
attached  to  the  pinion 
h  o  u  s  i  n  g  ,  through 
suitable  gearing.  For 
driving  the  main  rolls 
of  the  mill  a  West- 
inghouse  full  revers- 
ing equipment  is  pro- 
vided. A  description 
of  this  equipment  is 
as  follows: — 

The  front  and 
back  live  tables  each 
consist  of  twenty-two 
rollers  16  in.  dia- 
meter by  34  in.  long 
mounted  on  27  in. 
centers.  Each  of 
these  tables  is  driven 
by  a  compound  wound  special  slow-.speed  motor  rated 
:t  150  hp  at  100  r.p.m. 

After  the  rolling  process  is  completed,  the  plate 
passes  to  the  front  straightener  table,  driven  by  a  50 
hp  mill-type  motor  and  through  a  leveler,  consisvmg 
essentially  of  leveling  rollers  driven  by  a  100  hp  mill 
tvpe  motor  with  a  lo  hp  screw  down  motor  auxiliary, 
and  from  this  point  passes  to  the  finishing  section  of 
the  mill,  where  by  means  of  roller  tables  and  chain 
transfers  it  is  delivered  to  one  of  four  straighteners. 
These  operate  like  a  long  jawed  vice,  by  means  of  75 
hp  motors  through  suitable  gearing,  to  straighten  the 
plate  edgewise. 

.\fter  the  straightening  process  is  completed  the 
chain   transfer  deli\ers  the  plate  to  the  cooling  beds. 
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where  it  is  marked  off  preparatory  to  shearing.  From  here  it  is  taken  to  the 
shear  roller  tables  by  means  of  the  fame  chain  transfer  previously  mentioned, 
and  after  the  shearing  is  completed  it  passes  over  rollers  into  the  storage  yard  or 
onto  transfer  tables  into  the  mill  shipping  section,  where  it  is  discharged  on  the 
floor,  by  means  of  one  of  the  four  kick-offs,  each  operated  by  a  50  hp  mill-type 
motor. 

The  crane  equipment  for  the  mill,  in  addition  to  the  slab  charges  previ- 
ously mentioned,  consists  of  a  two  ten  hoist  for  handling  cinder  from  the  fur- 
naces, a  50  ton,  10  ton  aux- 
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FIG.  3 — SWITCHBOARD  ..\ND  BV^  STRUCTURE 


iliary,  crane  covering  the 
mill  proper  and  a  50  ton, 
10  ton  crane  for  the  motor 
room,  a  10  ton  grab  bucket 
crane  for  handling  scale, 
two  15  ton  cranes  covering 
the  finishing  section,  two 
15  ton  cranes  covering  the 
shipping  section,  and  ( ne 
double  trolley  15  ton  crane 
covering  the  shipping  )'ard. 

By  removing  the  side 
rolls  the  mill  can  be  arranged  to  roll  shearing  plate  nnd  when  it  is  desired  to 
handle  this  product  the  plates,  after  going  through  th  roller  leveler,  pass  di- 
rectly over  tables  to  separate  shears,  arranged  to  hant'le  longitudinal  and  trans- 
verse shearing. 

Electrical  energy  is  received  at  the  mill  over  a  double  three-phase,  J5  cycle, 
6600  volt  line,  and  part  of  the  motor  room  is  designed  as  a  sub-station,  as 
shown  in  Fig.  3,  which  gives  a  view  of  the  6600  volt  busses  arranged  in  a  con- 
crete structure,  with  the  top  of  the  oil  switch  mechanii-m  showing  directly  un- 
derneath the  bus,  and  in  the  foreground  the  main  switchboard.  The  latter  con- 
trols the  incoming  lines,  step-down  transformer  bank  for  furnishing  low-voltage 
alternating-current  power  to  the  hydraulic  pump  motors  and  the  air  compressor 
motor,  main  mill  driving  equipment,  looo  kw  synchronous   motor   generator   set 


FIG.    4 — 6250    HP    M0TOR-GENER.\T0R    FI-VWHEEL    SET 

for  supplying  250  volt  direct-current  power  to  tlie  mill  auxiliaries,  various  di- 
rect-current mill  circuits  and  a  lighting  transformer  fcr  taking  care  of  the  mill 
lighting. 

The  main  mill  driving  equipment  consists  essentially  of  a  main  motor,  fly- 
wheel motor-generator  set,  exciter,  control,  slip  regulator,  and  air  conditioner. 
Fig.  I  shows  the  main  motor  unit  connected  through  a  universal  coupling  to  the 
top  pinion  of  the  mill.  This  unit  consists  of  two  motors,  with  their  armatures 
mounted  on  a  common  shaft  carried  in  two  bearings,  which  are  supported  by 
l(Av  and  well  anchored  pedestals.     These  bearings  a'-t  of   the   self   aligning   type. 
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water  cooled,  and  arranged  for  lubrication  from 
gravity  oil  feed.  A  heavy  bed-plate  supports  the  two 
pedestals  and  carries  the  motor  field  frames,  which 
are  heavy  ribbed  steel  castings,  split  horizontally,  so 
that  the  top  half  can  be  lifted  off  with  facility  for  in- 
spection and  repairs.  The  feet  are  cast  integral  with 
the   lower   half   of   the    frame   and   are   provided   with 


FIG.  5 — 50  K\V  EXCITER  SET 

pads  and  set  screws  to  permit  accurate  adjustment  of 
the  air-gap.  The  shaft  is  symmetrical  and  designed 
so  that  should  the  end  which  is  connected  to  the  mill 
become  damaged,  the  armature  can  be  turned  end 
for  end,  and  the  other  extension  used.  The  mill  end 
pedestal  carries  a  heavy  thrust  bearing  to  absorb 
shocks,  in  case  of  an  accident  to  the  connecting  spindle 
of    the    mill.     The    motor    fields    are   provided    with  a 


FIG.   5 — SCHEM.-\TIC   DI.AGRAM    OF    M.\IN   AND   CONTROL   CIKCCITS 

double  winding  in  addition  to  a  compensating  pole 
face  winding.  The  function  of  one  of  these  windings 
is  to  give  a  shunt  characteristic  while  that  of  the  other, 
in  combination  with  a  series  exciter,  is  to  give  a  series 
characteristic,  making  the  unit  as  a  whole  the  same  as 
a  compound  wound  motor.  The  brush  rigging  is 
mounted  on  heavy  yokes  which  bolt  to  the  sides  of  the 


field  frames.  There  are  24  sets  of  brushes  to  each 
machine,  and  each  set  includes  5  brushes. 

The  motor  as  a  unit  is  rated  at  4400  hp  continu- 
ous, 35  degrees  C.  rise  or  5200  hp  continuous  50  de- 
grees C.  rise ;  full  field  r.p.m.-6o,  weakened  field 
r.p.m.   100,  maximum  starting  torque  1960000  ft.  lbs. 

The  flywheel  motor-generator  set  as  shown  in 
Fig.  4  is  a  five  bearing  unit,  consisting  of  two  14  pole, 
i.ompensated-type,  700  volt,  direct-current  generators, 
for  supplying  the  energy  to  the  main  mill  motors;  one 
150000  pound  flywheel  unit,  made  up  of  three  25  ton 
solid  cast  steel  wheels  in  enclosing  case,  mounted  be- 
tween two  20  by  54  inch  bearings,  and  one  three- 
phase,  25  cycle,  6600  volt  wound-rotor  induction 
motor.  The  generators  are  rated  at  3650  kw,  35  de- 
grees C.  rise,  or  4300  kw  at  50  degrees  C.  rise.  The 
driving  motor  is  rated  5000  hp  continuous  35  degrees 
C.  rise;   6250   hp  continuous    50  degrees  C.  rise.     The 


iKuL  r.\.M-:i. 


bpeed  of  the  set  is  368  r.p.m.  Total  length  of  set  48 
feet. 

In  the  foreground  of  Fig.  5  is  shown  the  exciter, 
\.hich  is  a  three  unit  machine,  all  units  being  mounted 
on  a  common  bed-plate.  The  two  end  units  are  direct- 
current  generators  driven  by  the  center  unit,  which  is 
a  squirrel-cage  550  volt  motor.  One  of  these  genera- 
tors is  a  plain  compound-wound  generator  and  sup- 
jilies  constant  potential  for  thj  main  generator  and 
motor  fields,  while  the  other  supplies  a  variable  poten- 
tial, proportional  to  the  armature  current  of  the  main 
mill  motor,  which  gives  the  efi^ect  of  series  excitation 
on  the  main  motor.  This  is  accomplished  by  placing 
a  very  heav\'  winding  on  the  field  of  this  exciter, 
which  is  connected  in  series  with  the  main  mill  motor 
armatures,  as  shown  in  Fig.  6.  The  exciter  motor  is 
rated  at  no  hp,  40  degrees  C.  rise.  The  shunt  exciter 
if,  rated  at  50  kw,  250  volts.  The  series  exciter  is 
rated  at  18  kw,  250  volts. 

Directly  in  front  of  the  exciter  in  Fig.  5  is  the 
circuit  breaker  for  opening  the  armature  current  to 
the    main    motor,    while    Fig.    7    shows    the    magnetic 
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switch  panels  for  handling  the  generator  and  motor 
field  currents.  This  apparatus,  together  with  the 
master  controller  and  slip  regulator,  control  the  opera- 
tion of  the  equipment  as  follows: — 

With  the  set  at  full  speed,  the  exciter  openitlng 
and  the  master  controller  in  the  off  position,  the  roll 
motor  has  full  shunt  field,  and  any  motion  of  the 
master  controller  handle  gradually  excites  the  gener- 
ator fields,  producing  a  voltage  across  the  armatures 
which  starts  the  main  motor  revolving.  Any  vari- 
ation in  the  load  of  the  mill  motor  will  vary  the  series 
field  excitation,  giving  the  effect  of  a  compound  motor. 


counter- weight  on  the  regulitor  adjusted.  The  regu- 
lator is  provided  with  a  no-voltage  release  which  opens 
the  primary  circuit  breaker  in  case  of  failure  of  power. 
The  main  reversing  motor  is  brought  to  lest 
rai)idly  by  means  of  dynamic  braking,  and  by  putting 
power  back  into  the  flywheel  set  a  large  proportion  of 
the  accelerating  energy  is  reclaimed,  heli)ing  each  time 
to  increase  the  speed  of  the  set.  A  double-throw  cir- 
cuit breaker  on  the  primary  control  of  the  main  alter- 
nating-current motor  is  arranged  to  reverse  the  fly- 
wheel set  motor  should  it  beco.ne  necessary  to  stop  the 
^et  quickly. 


IKi.   S — Rdl.MXC,   CVCI.E  OX   TIIK  (X)   IM  II    Mll.l. 


by  means  of  the  second  field  e.\citer  and  the  second 
motor  field  winding  previously  described.  The  speed 
at  which  the  roll  motor  runs  is  practically  proportional 
to  the  impressed  voltage,  independent  of  load,  up  to 
the  full  field  in  both  motor  and  generator;  from  this 
point  the  si)eed  is  increased  by  weakening  the  field  of 
the  motor. 

With  steel  in  the  rolls,  the  load  on  the  generator 
is  much  in  e.xcess  of  the  average  load  over  the  entire 
cycle,  and  the  function  of  the  slip  regulator  is  to  al- 
low the  flywheel  to  supply  the  difference  between  the 
average  load  and  the  peak  load.  A  series  transformer 
is  placed  in  the  primary  circuit  of  the  flywheel  set 
motor,  and  its  secondary  is  connected  to  the  small 
torciue  motor  which  operates  the  slip  regulator.     Anv 


KK;.   () — RF.VKKSAI.  TEST  ON   THE  6o  INCH    M  H.I. 

A — Line  current ;  B — Motor  speed  ;  C— 25  cycle  timing  wave. 

load  causes  the  toixiue  motor  to  exert  a  torque,  '.end- 
ing to  .separate  the  electrodes  of  the  slip  regulator. 
When  these  electrodes  separate,  introducing  resistance 
into  the  secondary  of  the  flywheel  set  motor,  the  set 
slows  down  and  permits  the  flywheel  to  give  up  part  of 
its  energy. 

The  slip  regulator  is  also  used  for  starting  the  fly- 
v, heel  set,  which  comes  up  to  speed  gradually  after  the 
primary   circuit  breaker  is  closed,  and  the  no-voltage 


For  supi)lying  forced  ventilation  to  the  reversing 
motor,  a  blower  and  air  washer  outfit  is  installed  in 
the  basement  of  the  motor  room,  and  the  control  on 
this  blower  motor  is  arranged  so  that  any  failure  of 
forced  ventilation  to  the  motoi  will  shut  down  the 
ct|ui])ment  and  pre\ent  the  reversing  motor  from  r,\er- 
l^eating. 

.\  typical  oscillogram  in  Fig.  8  shows  the  arma- 
ture current  A  and  speed  B  on  the  main  roll  motor 
during  the  rolling  of  a  5  by  28  in.  slab,  dow^n  to  a  27 
by  0.5  in.  plate  in  13  passes.  Curve  C  is  a  25  cycle 
timing  wave. 

The  average  power  consumption  of  the  main 
drive  equipment  over  a  series  of  tests  for  rolling  5  by 
ij  in.,  1525  pound  slabs  to  ^  by  14  by  1176  in.  plates 
is  56.6  kw-hr.  per  ton,  not  taking  into  consideration 
any  idle  running  of  the  equipment. 

Fig.  9  shows  the  main  motor  armature  current, 
speed,  and  25  cycle  timing  wave  during  the  reversal 
of  the  motor  from  67.5  r.p.tn.  forward  to  67.5  r.p.m. 
icverse.  From  this  it  can  be  seen  that  the  elapsed 
time  for  the  complete  cycle  of  speed  change  is  8.26 
seconds,  of  which  3.18  seconds  is  consumed  in  decel- 
eration and  5.08  seconds  in  acceleration.  It  should 
be  noted  that  it  is  possible  to  speed  up  this  cycle  when- 
ever increased  output  is  required ;  however,  under  the 
present  rolling  conditions  the  operators  are  inexperi- 
enced and  there  is  no  necessity  for  any  further  in- 
crease and  it  is  easier  on  the  new  equipment  to  make 
such  changes  very  gradually  as  the  demand  for  ton- 
nage increases. 


^  ,\  1 
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THE  adjustable  speed  set,  comprising  a  wound 
rotor  induction  motor  in  conjunction  with 
auxiliaries  for  dynamic  speed  regulation,  fills  a 
need  as  a  main  drive  for  some  mills  where  a  single  di- 
rection of  rotation  is  required  with  constant  speed  oper- 
ation at  adjustable  speed  values.  There  are  two 
general  types  of  speed  sets,  namely  the  constant  horse- 
power type  and  the  constant  torque  type.  There  are 
also  in  common  use  two  general  methods  of  speed  regu- 
lation namely  the  rotary  conv^erter  method  and  the 
Scherbius  method.  The  principles  upon  which  these 
sets  operate  have  been  set  forth  in  some  detail.  It  is 
the  primary  purpose  of  this  paper  to  present  some  data 
pertaining  to  an  installation  of  two  rotary  converter  sets 
cf  the  constant  horsepower  type  as  installed  on  a  ten 
inch  continuous  skelp  mill  built  b}'  the  Morgan  Con- 
struction Company  and  installed  at  the  Mark  Plant  of 
the  Steel  and  Tube  Company  of  America  at  Indiana 
Harbor,  Indiana. 

This    mill    comprises    three    main    units,    na.iiely : 

Roughing  mill. 

Edging  stand. 

Finishing  mill. 

The  roughing  mill  consists  of  seven  roll  stands 
driven  by  a  2000  hp,  2200  volt,  three-phase,  60  cycle 
\V'estinghouse  induction  motor  with  a  six-phase  wounci 
secondary.  On  the  same  shaft  with  this  motor  is  a 
700  hp,  compound-wound,  direct-current  auxiliary  unit. 
A  shunt-wound,  four-pole,  o  to  520  kw,  o  to  630  r.p.m. 
rotary  converter,  for  transforming  the  slip  energy,  is 
located  nearby  in  the  motor  house.  The  synchronous 
speed  of  the  main  motor  is  360  r.p.m.  This  speed  may 
be  reduced  35  percent,  to  234  r.p.m.,  with  dynamic 
regulation.  The  locked  secondary  voltage  of  the  motor 
i.^  1210  volts.  The  rotary  converter  is  rated  at  o  to  568 
volts.  The  secondary  frequency  at  minimum  speed  is 
21  cycles.     The  converter  is  a  25  cycle  unit. 

The  mill  layout  is  shown  in  Fig.  2.  The  rouii^huig 
mill  comprises  the  following  stands : — 

No.  I — Horizontal  rolls. 

No.  2 — Edging  rolls. 

No.  3 — Horizontal  rolls. 

No.  4 — Horizontal  rolls. 

No.  5 — Edging  rolls. 

No.  6 — Horizontal  rolls. 

No.  7 — Horizontal  rolls. 

No.  6  Stand  is  connected  to  the  n-.ain  spindle.  .Stands 
No.  I  to  No.  5  inclusive  operate  at  reduced  speeds 
through  gearing.  No.  7  stand  operates  at  increased 
speed  through  gearing.  The  main  drive  motor  trans- 
mits its  power  through  a  flexible  coupling  to  a  Falk 
herringbone-gear  unit,  having  a  ratio  of  3.6  to  i.  This 
gear  is  connected  to  No.  6  stand  of  the  mill  through  a 
breaking  spindle. 


The  steel  received  from  the  billet  mill  is  reheated 
iu  a  continuous  type  furnace,  whence  it  is  entered  -into 
the  roughing  mill  by  a  push  out  bar  and  pinch  rolls. 
After  passing  through  the  roughing  stands  in  the  order 
iiamed,  it  enters  the  edging  stand — No.  8  edging  rolls. 
'1  his  stand  is  driven  by  a  160  hp  Westinghouse  adjust- 
able-speed, direct-current  motor,  with  a  speed  range  of 
250  to  300  r.p.m.  by  field  control. 

The  finishing  mill  consists  of  three  stands  of  iiori- 
zontal  rolls,  No.  g,  No.  10,  No.  11  and  a  rotary  shoar. 
Belt  drive  is  used  for  these  stunds  to  give  a  smooth 
finish  to  the  skelp.  The  driving  motor  for  this  utiii  is 
connected  to  the  main  drive  pulley  through  a  breiking 
spindle.  This  drive  comprises  a  2000  hp,  2200  ■.  olt, 
three-phase,  60  cycle  Westinghouse  induction  mrtor 
\\ith   six-phase  wound  secondary.     On  the  same   -haf' 


FIG.    I  — 10   I.N'CH    SKELI'   MILL 

M  the  Mark  plant  of  the  Steel  &  Tube  Company  of  America. 

\.ith  this  motor  is  a  660  hp  coaipound-vvound,  dr.cct- 
current  auxiliary  unit.  The  s\nchronou3  speed  of  the 
main  motor  is  240  r.p.m.  This  may  be  reduced  33 
[•ercent  to  160  r.p.m.  The  rotary  converter  is  a  four- 
pole  machine  rated  at  493  kw,  o  to  593  r.p.m.  The 
lucked  secondary  voltage  of  the  main  motor  is  710 
\olts.  The  rotary  converter  is  a  25  cycle  unit,  running 
from  o  to  19.8  cycles  and  rated  at  o  to  314  volts. 

P)Oth  the  roughing  mill  drive  and  the  finishing  mill 
drive  are  equipped  with  switchboards  for  manual 
swiuiiing  of  the  motor  primaries,  and  for  transferring 
ihe  secondaries  from  resistance  to  dynamic  regulation 
with  the  auxiliaries.  The  secondary  resistances  are 
connected  three-pha.se  star,  with  magnetic  secondary 
control  panels  giving  current  limit  acceleration.  Both 
the  roughing  and  finishing  mill  drives  may  be  operated 
; :;  simple  induction  inotors,  with  the  secondary  resist- 
ance short-circuited.     The  roughir.g  drive  is  operated  in 
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this  manner  the  greater  portion  of  the  time.  The  speed 
of  the  edging  rolls  and  finishing  mill  is  then  adjusted,  to 
give  the  proper  speeds  to  obtain  the  desired  loops  be- 
tween stands.  Tests  have  been  run  on  these  drives 
v/ith  the  mill  handling  both  light  and  heavy  orders. 
The  results  of  tests  representing  the  two  classes  of  ser- 
vice are  presented  herewith. 

Data  were  obtained  to  determine  the  loading,  speed 
and  power-factor  for  the  roughing  mill  drive  when  run- 
ning as  a  simple  induction  motor  with  short-circu'ted 
secondary.  The  load  chart  shown  in  Fig.  4  was  ob- 
tained with  the  roughing  mill  rolling  a  heavy  order, 
namely  7%  by  2  in.  to  7^  by  0.315  in.,  the  finished  pro- 
duct being  7%  by  O.175  in.  The  material  rolled  was 
P.essemer  steel  with  o.io  percent  carbon  content.  This 
chart,   taken    with   a   slow   paper   speed    (1.26   in.    per 


FIG.    2 — PL.\N   OF    10   INCH    SKEU>   MILL 

minute),  shows  the  nature  of  the  load  cycle.  Between 
the  load  periods,  when  steel  is  in  the  mill,  there  are 
considerable  periods  of  idling.  These  are  necessitated 
by  the  fact  that  the  furnace  is  unable  to  heat  the  heavier 
stock  as  fast  as  the  mill  can  roll  it.  The  rolling  speed 
ir.  determined  by  the  finishing  mill,  which  is  operated 
at  its  minimum  speed.  The  load  chart  shown  in  Fig. 
3  was  taken  at  a  fast  paper  speed.  It  shows  how  the 
load  varies  over  the  cycle  in  rolling  one  billet.  The 
chart  has  been  analyzed  to  show  where  the  steel  en'ers 
and  leaves  the  various  stands.  It  is  of  interest  to  note 
that  these  points  are  quite  clearly  defined.  As  the  steel 
enters  the  successive  stands,  the  load  is  built  up  in 
steps.  The  load  is  maintained  for  several  seconds 
while  all  stands  are  full,  falling  oflF  as  the  steel  leaves 
them  in  turn.  The  total  time  of  the  cycle  depends  upon 
the  length  of  the  billet,  a  range  of  lengths  being  rolled. 
The  chart  shown  is  for  a  billet  about  33  ft.  long.  The 
total  time  of  the  cycle  is  47  seconds,  during  which  lime 


the  load  is  maintained  for  about  20  seconds.  Approxi- 
mately 29  seconds  is  required  for  the  billet  to  pass 
through  any  individual  stand.  All  stands  are  full  for  a 
period  of  about  14  seconds.  The  load  peak  is  1440  kw 
input,  corresponding  to  an  output  of  about  1810  hp, 
which  is  90  percent  of  the  motor  rating.  It  will  be 
seen  that  the  duration  of  the  load  peak  is  too  great  to 
permit  any  appreciable  advantage  to  be  gained  through 
the  use  of  a  flywheel.  Moreover  the  speed  regulation 
necessary  to  obtain  any  appreciable  effect  from  a  fly- 
wheel, would  be  prohibitive,  due  to  the  impossibility  of 
maintaining  correct  relative  speeds  between  the  rough- 
ing stand  and  the  stands  following. 

The  speed  of  the  roughing  mill  motor  during  the 
above  operation  varied  from  359  r.p.m.  when  idling  to 
349  r.p.m.  under  peak  load,  a  slip  of  three  percent.  The 
power-factor  is  indicated  by  an  average  of  readings 
taken  while  rolling  several  billets.  These  values  are  as 
follows : — 


Ave.  Kw 

Ave. 

Input 

Primary 

Primary 

Rolling 

.Amperes 

Volts 

Power-Factor 

1250 

400 

2240 

81  percent  lac; 

In  the  background  is  seen  the  2000  hp,  three-phase  motor, 
with  a  700  hp  direct-current  motor  mounted  on  the  same  shaft. 
In  the  foreground  is  the  rotarj'  converter  which  produces  ad- 
justable speed. 

The  chart  shown  in  Fig.  6  shows  the  load  on  the 
laiishing  drive  when  rolling  from  y%  by  0.315  in.  to 
jY^  by  0.175  in.  in  this  mill.  The  motor  was  operated 
\v  connection  with  the  rotary  converter  and  auxiliary 
motor.  The  field  of  the  direct-current  motor  was  such 
as  to  cause  an  induction  motor  speed  of  163  r.p.m.  at 
70  percent  load.  As  the  synchronous  speed  of  the  in- 
duction motor  is  240  r.p.m.,  the  slip  was  32.5  percent, 
v.'hich  is  the  maximum  range  of  the  set.  The  roiling 
load  output  of  the  rotary  converter  was  470  volts  and 
1050  amperes,  giving  494  kw,  which  is  rated  capacity. 
The  speed  of  the  converter  was  550  r.p.m.,  correspond- 
ing to  18.3  cycles.  This  checks  fairly  well  with  the 
observed  motor  speed. 

The  chart  shown  in  Fig.  7  shows  more  in  derail, 
the  load  cycle  on  the  finishing  mill  motor  with  the  above 
service.  It  will  be  noted  that  the  steel  enters  and  leaves 
the  mill  quickl}%  due  to  its  high  speed.  During  the 
period  that  the  mill  is  full,  the  load  is  quite  uniform. 
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The  steel  is  in  the  mill  a  total  of  28  seconds.  This  time 
is  less  than  the  corresponding  time  in  tlie  roughing  mill, 
shown  in  Fig.  3,  both  because  the  original  billet  for  Fig. 
5  was  only  28  feet  long  and  also  because  of  the  lesser 
number  of  stands  in  the  finishing  mill.  The  load  de- 
H'and  on  the  finishing  mill,  as  in  Fig.  5  was  about  1200 
kw  input,  or  about  70  percent  of  the  motor  capacity. 

The  chart  shown  in  Fig.  8  shows  the  loading  of  the 
roughing  mill  motor  when  rolling  2  by  2  in.  billets  to 
2^  by  0.285  in.,  the  finished  product  being 
2y&  by  0.108  in.  The  induction  motor  was  operated 
with  short-circuited  secondary.  It  will  be  noted  from 
this  chart  that  the  billets  followed  in  rapid  succession, 
keeping  the  mill  quite  full.     The  peak  loads  are  about 


Fig.  10  shows  how  the  power-factor  of  the  finish- 
ing mill  drive  is  increased  when  it  is  operated  with  the 
rotary  converter.  It  will  be  noted  that  the  load  on 
the  main  motors  is  higher  in  rolling  the  heavier  ma- 
terial. This  material  is  rolled  at  the  lower  speed  in  the 
finishing  mill.  As  the  heavier  load  coincides  with  the 
lower  speed,  the  need  of  a  constant  horse-power  d:ive 
is  indicated  for  a  mill  of  this  type. 

These  sets  were  not  planned  to  operate  above  syn- 
chronism. However,  it  has  become  evident  that  a 
higher  speed  would  be  advantageous  on  the  roughing 
roill,  particularly  in  rolling  the  lighter  orders.  Plans 
are  now  under  way  to  operate  this  mill  drive  through- 
out a  range  up  to  about  20  percent  above  synchronous 


FIG.  4 — LOAD  CYCLE  OK  THE  ROUGHING   MILL 

650  kw  input,  about  one-third  rated  capacity.  The 
speed  under  these  peaks  was  355  r.p.m.  or  1.4  percent 
slip.  The  power-factor  is  shown  by  the  following 
readings : — 


Ave.  Kw 

Ave.  Primary 

Primary 

Input 

Amperes 

Volts 

Power-Factor 

No  load — 106 

184 

2240 

14      percent  lag 

Rolling — 650 

264 

2240 

63.5  percent  lag 

The  chart  shown  in  Fig.  9  indicates  the  load  on  the 
finishing  mill  on  light  service,  rolling  2^  by  0.285  in. 
to  25^  by  0.018  in.  Dynamic  regulation  was  used  to 
obtain  a  motor  speed  of  221  r.p.m.  This  is  a  slip  of 
4.75  cycles  or  7.9  percent.  The  observed  speed  of  the 
rotary  converter  was  226  r.p.m.  The  direct-cur-ent 
load  on  the  converter,  corresponding  to  the  rolling  de- 
mand, was  no  volts,  600  amperes,  or  66  kw,  whifh  is 


FIG.    5 — DETAIL   ANALYSIS   OF   ONE   CYCLE   OF   ROUGHING    MILL 

speed.  The  motor  has  been  taken  through  synchron- 
ism, pulling  the  friction  load  of  the  mill  (100  kw)  with 
no  difficulty.  It  has  been  found  satisfactory  to  operate 
with  the  auxiliaries  up  to  a  point  four  percent  below 
synchronism.  It  is  expected  to  duplicate  this  perform- 
ance above  synchronism.  Operating  on  resistance  the 
slip  under  load  is  about  three  percent.  This  will  le-ave  a 
range  of  seven  percent  of  rated  speed  which  the  speed 
set  will  not  cover.  As  it  is  the  practice  to  determine 
the  speed  of  the  roughing  mill  and  adapt  the  speeds  of 
the  other  mills  to  correspond,  this  inactive  range  will 
not  be  a  serious  drawback. 

Some  conditions  which  may  permit  the  use  of  ad- 
justable speed  sets  to  advantage,  may  be  suggested. 

a — Where  a  range  of  orders  is  rolled,  calling  for  differ- 
ent speeds  for  best  quantity  or  quality  of  production. 


FIG.   6 — L0.\D  CYCLE  OF  FINISHING    MILL 

13  percent  of  the  converter  capacity.  The  load  on  the 
induction  motor  is  fairly  well  sustained,  due  to  the 
rr,pid  succession  of  billets.  The  load  with  the  mill  .full 
of  steel  is  about  800  kw  input. 

The  effect  upon  power-factor  of  dynamic  regula- 
tion with  an  over-excited  rotary  converter  is  illustrated 
by  the  following  tabulation,  showing  the  conditions  with 
the  finishing  mill  drive  operating  with  the  auxiliaries. 


Kw  Input 

Percent  Full  Load 

Power-Factor 

800 

48 

93-5 

"75 

71 

96.S 

0  i  ).  i  1:  ;■ 

FIG.    7 — DETAIL  ANALYSIS   OF  ONE   CY'CLE  OF   FINISHING    MILL 

h — Where  a  mill  runs  in  tandem  with  another  mill,  the 
speed  of  the  second  mill  can  be  suited  to  the  output  of  the 
first.  Also  the  division  of  the  work  of  the  two  mills  may 
be  varied  and  the  speeds  adjusted  to  suit. 

c — Where  it  is  desirable  to  \-ary  the  rate  of  production 
or  to  allow  for  increased  production,  as  operators  gain  skill 

d — To  speed  up  an  existing  mill,  by  operating  the  motor 
above  synchronism. 

The  rotary  converter  system  of  speed  control,  us- 
ing the  rotary  converter  auxiliary,  is  at  its  best  in  con- 
rection  with  60  cycle  main  motors.  It  is  then  generally 
possible  to  use  a  standard  25  cycle  rotan,-  converter 
\'.hich  will  run  from  o  to  18  cycles  for  30  percent  speed 
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range.  For  25  cycle  installations  the  converter  oper- 
ates at  low  frequency  and  low  speed  and  is  relat.vely 
more  expensive. 

The  relative  cost  of  a  constant  speed  drive,  as  com- 
pared with  a  similar  adjustable  speed  drive,  will  de- 
pend materially  upon  local  conditions.  It  may  be  said 
in  general,  however,  that  the  auxiliary  apparatus  and 
control  will  add  from  50  to  75  percent  above  the  cost  of 


Dxnaniic  regulation  may  be  emplo)-ed  for  opeiat- 
ing  an  induction  motor  above  synchronism  as  we'l  as 
below  synchronism,  provided  mechanical  considerations 
permit.  This  is  done  by  reversing  the  shunt  field  of 
the  auxiliary  motor.  This  reverses  its  voltage,  which 
in  turn  reverses  the  direction  of  rotation  of  the  rotary 
converter  and  causes  its  frequency  to  be  additive  with 
respect   to   the   second<iry    frequency   of   the   induction 


FIG.    8 — LOAD    CYCLE   OF   ROUGHING    MILL    WITH    SMALL   BILLETS 


the  main  motor.     The  cost  of   installation  will  ht  in- 
t leased  in  a  like  degree. 

It  will  usually  be  found  that  the  constant  huise- 
power  drive  is  preferable  to  the  constant  torque  drive 
in  that  the  heaviest  load  demands  will  occur  in  connec- 
tion with  work  requiring  the  lower  operating  speeds. 
If  a  constant  torque  drive  be  then  installed,  having  suffi- 
cient capacity  to  handle  the  low  speed  load  demand,  it 
\>ill  have  excess  capacity  at  the  higher  speed.  The 
larger  main  motor  required  to  afford  this  excess  ca- 
]iacity  will  add  to  the  cost.  The  relative  cost  of  con- 
stant horsepower  vs  constant  torque  sets  will  depend 
u])on    such    considerations    as    rature    of    load,    speed 
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FIG.    10 — EFFECT   OF   ROTARY    CONVERTER   ON    POWER-FACTOR   OF 

MAIN    MOTOR 

rvnge  and  speed  of  main  motor.  It  may  be  stated  that, 
in  general,  there  is  not  a  wide  difference  in  cost  be- 
tween the  two  systems. 

It  is  entirely  possible  to  add  au.\iliai"y  equipment 
to  secure  dynamic  regulation  upon  e.xisting  simple  in- 
duction motor  drive.  If  the  secondary  characteristics 
of  the  motor  are  such  that  standard  units  may  be  u.'^ed 
for  auxiliaries,  the  proposition  is  feasible.  In  such  in- 
stances the  constant  torque  scheme  will  be  more 
raturally  selected  as  not  involving  structural  ch;inges 
in  the  main  motor. 


FIG.    9 — LOAD   CYCLE  OF   FINISHING    MILL   WITH    SMALL   UILLETS 

motor.  The  current  flow  in  the  direct-current  circuit 
does  not  reverse.  Below  synchronism  the  auxiliary 
imit  acts  as  a  direct-current  motor.  Above  synchron- 
ism it  acts  as  a  direct-current  generator.  As  the  cur- 
rent does  not  reverse,  the  commutating-pole  polarity  re- 
mains correct  for  the  changed  condition.  If  the  unit  is 
compound-wound,  the  action  is  cumulative  below  syn- 
chronism and  differential  above  synchronism.  This 
leads  to  a  drooping  characteristic  in  either  case. 

With  this  type  of  drive,  the  set  has  a  limited  torque 
ever  a  narrow   speed   range  slightly  below  and  above 


FIG,    II — SCHEMATIC  IHAGRA.M  OF  CONSTANT  HORSEPOWER 
ADJUSTABLE  SPEED  EQUIP.MENT 

synchronism.  The  torque  available  over  this  range  de- 
I)ends  upon  the  pull-in  torque  of  the  rotary  converter 
unit.  The  available  torque  is  not  less  than  10  percent 
rated  torque  of  the  drive.  This  is  sufficient  to  pull 
through  .synchronism,  the  average  mill  having  a  friction 
load  of  about  five  percent  of  the  motor  rating. 

When  good  speed  regulation  is  desired,  the  aux- 
iliary direct-current  unit  is  either  shunt  wound  or  sup- 
]ilicd  with  a  small  amount  of  compounding.     \\'here  fly- 
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wheels  are  utilized,  heavier  compounding  is  employed  to 
secure  the  desired  drooping  characteristic.  A  constant 
horse-power  unit  requires  more  compounding  than  a 
C'lnstant  torque  unit  to  offset  the  effect  of  speed  varia- 
tion. 

The  range  of  speed  control  afforded  by  these  sets 
IS  usually  of  the  order  of  30  to  35  percent,  although 
sets  have  been  built  to  give  50  percent  speed  reduction. 
The  greater  the  range,  the  larger  are  the  auxiliaries  re- 
quired. A  wide  range  may  be  obtained  by  selecting  a 
s\nchronous  speed  at  an  intermediate  value  and  em- 
ploying the  auxiliaries  to  operate  both  above  and  below 
this  speed. 


In  Fig.  1 1  is  shown  schematically  the  connection 
diagram  of  a  rotary  converter  adjustable  speed  equip- 
ment. It  will  be  seen  from  the  diagram  that  this  sys- 
tem of  adjustable  speed  operation  is  extremely  simple, 
and  is  accomplished  by  means  of  standard  apparj.tus. 
The  main  alternating-current  motor,  the  direct-current 
motor,  the  rotary  converter  and  the  control,  are  all  well 
iMiderstood  by  mill  operators,  so  that  no  specially  skilled 
attendant  or  repairman  is  required  to  keep  the  appar- 
atus in  operation.  The  apparatus  is  so  simple  that  only 
minor  repairs  and  adjustments  are  necessary,  thus  re- 
ducing the  delays  on  account  of  the  apparatus  to  a  inini- 
n;um. 
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Electrical  Superintendent, 

The  Steel  Company  of  Canada,  Ltd. 


CEXTRAL  stations  have  served  the  iron  and  steel 
industry  in  a  very  creditable  way  during  the  war, 
making  possible  extensions  to  existing  plan's  as 
well  as  new  plants,  which  would  not  have  been  possible 
except  for  the  very  flexible  service  they  maintained. 
This  service  has  been  particulaily  helpful  to  those 
plants  which  depend  partly  or  entirely  upon  purchased 
power. 

The  central  stations  maintain  an  organiz?tion 
whose  sole  duty  is  the  development,  distribution  and 
vending  of  power.  On  the  other  side  of  the  power  con- 
tract is  another  organization  which  is  maintained  by  the 
purchaser  for  the  purpose  of  delivering  continuous  ser- 
vice to  the  operating  departments  in  the  steel  w.  rks. 
The  one  point  of  contact  between  these  two  parties  is 
brought  about  through  an  interruption  of  the  power  ser- 
\ice.  To  those  not  familiar  with  the  seriousness  of 
power  interruptions  in  the  steel  industry,  the  following 
summary  will  be  of  interest. 

The  greatest  effect  of  an  interruption  of  power 
occurs  in  the  continuous  rod  mill,  where  hot  steel  is  at 
times  in  as  many  as  16  rolls  at  once  and  where  failure 
cf  power,  coming  as  it  does  without  a  moment's  notice, 
allows  this  steel  to  become  cold  while  between  the  rolls. 
After  clearing  the  steel  out  of  the  mill  by  loosening  the 
rolls  and  by  the  use  of  an  overhead  crane,  it  is  then 
necessary  to  reset  the  entire  mill,  which  includes  lining 
up  of  the  many  guides,  the  rolls  themselves  and  nun-,er- 
cus  troublesome  adjustments.  It  is  about  equivalenr  to 
setting  the  mill  for  a  new  order.  A  minute's  inter'up- 
tion  means  not  a  minute  to  this  type  of  mill,  but  f"om 
30  to  45  minutes.  In  about  60  percent  of  such  delays 
the  mill  is  caught  full  of  steel  and  in  the  other  40  per- 
cent it  is  at  various  stages. 


During  the  spring  and  fall  months  when  long  trans- 
irission  lines  are  subject  to  severe  storms,  several  de- 
lays of  a  few  minutes  each  during  the  day  will  easily 
Decrease  the  production  from  30  to  40  percent,  owing 
to  the  time  necessary  to  clear  the  mill,  reset  and  read- 
just the  guides  and  rolls  before  normal  rolling  c:)ndi- 
tions  can  be  resumed.  In  addition  to  the  above  ihere 
IS  a  loss  due  to  the  steel  it  is  necessary  to  scrap,  be- 
cause it  has  become  solid  in  the  mill  or  is  off-size. 

In  continuous  billet  mills  of  six  and  eight  stands, 
vhere>the  section  of  steel  entering  the  mill  averages 
around  six  inches  square,  power  failures  necessitate  the 
same  work  and  readjustments  and  scrapping  of  _teel, 
but  of  course  the  labor  of  taking  the  cold  metal  o;;t  of 
the  rolls  is  greater,  owing  to  the  increased  weight  jf  the 
section  and  heavier  parts  to  handle. 

In  the  case  of  the  roughing  or  blooming  mill,  a 
short  delay  of  a  few  minutes  does  not  delay  the  mill, 
outside  of  the  actual  time  the  power  is  off,  as  an  ingot 
can  be  finished,  providing  it  has  not  been  chilled  below 
a  rolling  temperature.  If  it  gets  too  cold,  and  has  been 
passed  through  the  mill  several  times,  which  increases 
its  length,  it  will  have  to  be  scrapped,  as  it  is  too  1  .ing 
to  be  returned  to  the  pits  for  re-heating. 

In  sheet  mills  there  is  generally  enough  energy  in 
the  flywheel  connected  to  the  main  drive  to  allow  the 
i.iill  men  to  clear  the  mill  of  all  metal.  The  sam'?  also 
r.'pplies  to  smaller  mills. 

Throughout  the  rest  of  the  average  steel  plant, 
short  delays  are  not  troublesome,  but  if  the  power  is  off 
for  a  considerable  time,  serious  conditions  arise.  In 
the  open  hearth  plants  where  there  are  hundreds  of 
tens  of  molten  steel  to  handle,  and  in  the  coke  plant, 
v.here  there  are  hundreds  of  tons  of  coal  in  the  hot 
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evens  which  must  be  handled  on  time,  it  is  necessarv  to 
protect  this  class  of  operation  by  current  supplied  from 
a  local  generating  plant. 

To  the  writer's  mind  a  very  serious  aspect  of  de- 
lays of  this  nature  is,  in  addition  to  the  financial  loss, 
the  effect  on  the  men  in  the  mill.  Tonnage  is  their 
daily  thought,  it  is  talked  to  them  day  in  and  day  out, 
and  serves  as  a  basis  on  which  they  are  paid.  Naturally 
enough,  troubles  which  are  beyond  their  control  and 
upon  which,  as  a  general  rule,  they  can  get  no  infoi-ma- 
tion,  are  magnified  and  affect  their  morale  far  greater 
than  troubles  that  they  can  combat  and  overcome  by 
their  own  ingenuity. 

Close  contact  between  the  power  companies  and 
steel  companies'  operating  departments  by  special  tele- 
phone service,  if  necessary,  can  often  be  the  means  of 
orders  being  issued  in  time,  which  would  save  tons  of 
steel  and  much  wasted  idle  labor,  waiting  around  to 
know  whether  the  mill  will  operate  soon  or  not. 

The  prevailing  opinion,  as  expressed  by  several 
lirge  operating  engineers,  is  that  time  is  lost  in  getting 
i:-i  touch  with  the  power  company.  If  a  service  is 
maintained  whereby  the  chief  operator  at  the  steel  plant 
can  get  into  immediate  communication  with  the  cnief 
operator  of  the  power  company,  part  of  the  dissatisfac- 
tion now  existing  would  be  overcome.  Of  coaise, 
upon  power  failure  the  power  company  employees  are 
keen  in  their  interest  to  obtain  normal  service  again  and 
probably  feel  that  this  is  their  first  duty,  which  is 
granted,  but  at  the  same  time  they  should  be  conversant 
vith  the  conditions  existing  on  the  dead  end  of  their 
line. 

When  a  transmission  line  k  serving  industries  in 
which  the  process  used  demands  a  continuous  suppU'  of 
electric  power,  very  serious  consideration  should  be 
given  to  the  latest  developments  in  automatic  switching 
hy  the  use  of  section  relays  and  duplicate  supply  'ines 
to  that,  in  case  of  trouble  at  any  given  point,  the  lines 
so  affected  will  clear  themselves  and  power  will  be 
supplied  through  the  other  side  of  the  loop.  The  ever- 
coming  of  troubles  on  transmission  lines  is  undoubtedly, 
like  the  electrical  industry  itself,  in  its  infancy,  and  we 
have  yet  to  find  that  approach  to  Utopian  condi<:icns 
which  we  desire. 

Steel  works  in  general  have  a  great  deal  of  waste 
heat  which  is  available  for  the  generation  of  power  and, 
of  course,  must  be  developed  for  economical  reasons. 
As  a  rule,  tlie  mill  of  today  needs  more  power  than  is 
available  from  this  source  and  either  has  to  purchase 
power  or  install  additional  generating  equipment. 

A  recent  expression  from  engineers  in  charge  of 
a  number  of  these  plants  indicates  that  they  would  pre- 
fer to  purchase  their  power  from  central  stations,  if  re- 
liable service  could  be  obtained.  The  experience  of 
these  men  indicates  that  some  of  the  central  stations 
have  apparently  not  given  the  question  of  continuous 
service  the  thought  it  should  have  received,  as  the  con- 
ditions of  transmission,  and  particularly  the  load  car- 
lied  on  their  station,  resulted  in  dissatisfaction. 


Central  stations  have  grown  in  their  average  ca- 
pacity at  a  very  rapid  rate,  as  has  likewise  the  capacity 
of  the  average  steel  mill  power  house.  Fifteen  years 
ago  the  average  size  of  turbogenerators  installed  in  a 
steel  mill  plant  was  500  kw,  and  the  maximum  rating 
was  1000  kw,  but  today  the  average  rating  of  turbines 
installed  by  the  iron  and  steel  industries  is  3000  kw,  and 
there  are  several  installations  where  20  000  kw  units  are 
in  operation. 

With  the  installation  of  such  large  units,  economies 
are  such  that  power  can  be  generated  at  a  very  low 
figure,  as  the  heat  is  derived  from  coke  oven  gas,  blast 
furnace  gas  or  waste  heat  boilers  in  connection  with 
open  hearth  furnaces  and  heating  furnaces.  This 
condition  pertains  to  the  larger  plants,  leaving  a  very 
large  field  among  the  smaller  plants  which  could  be 
taken  care  of  by  central  stations. 

To  this  end,  the  writer  wishes  to  present  to  the 
central  station  managements  a  phase  of  the  subject  with 

TABLE  I— COST  OF  ONE  HOUR  DELAY  TO  BLOOM, 
BILLET  AND  ROD  MILLS 


E 

H 

Charge  for 

cqS 

■3 -a  s== 

0 

fee 

A3. 

I 

Wages,   fuel,  water 

and   other    fixed 

charges  

$  90.00 

2  tons 

$  20.00 
2  tons 

$  66.00 
J4  ton 

$176.00 

17.6 

2 

Conversion   loss    . . 

100.00 

100.00 

3700 

23700 

2^.7 

3 

Administration   and 

selling   charges    . . 

56.00 

56.00 

5-6 

4 

Interest   on    invest- 
ment and  working 
capital ;     also     de- 

preciation   

32.50 

11.50 

25.00 

69.00 

6-9 

5 

Profit    (see   text).. 
Total 

461.00 

461.00 
$999.00 

46.2 
100 

'vhich  they  are  not  wholly  conversant,  that  is,  the  finan- 
cial cost  of  a  delay. 

To  illustrate  the  financial  cost  of  delays  to  a  fleel 
company,  let  us  take  as  a  imit  the  case  of  a  34  inch 
electric  reversing  blooming  mill  supplying  steel  to  an  18 
inch  six  stand  continuous  billet  mill,  which  in  turn  sup- 
plies part  of  its  product  to  a  16  stand  continuous  rod 
mill.  In  this  case  the  bloom  mill  delivers  100  percent 
sieel ;  on  the  average  27  percent  is  used  for  heavy  bars 
and  7^  percent  blooms  for  the  billet  mill,  which  delivers 
63  percent  of  its  product  for  rods  and  37  percent  for 
small  bars.  Table  I  is  based  on  one  hour's  delay  to 
each  of  the  above  three  mills.  Item  /  includes  wages, 
fuel,  water,  maintenance  of  building,  general  works  ex- 
pense, steam,  water,  lighting  and  switching  charges. 
Item  5  is  based  on  an  estimated  profit  per  ton  of  $10 
for  bars,  $15  for  rods  sold  and  $20  for  rods  used  in 
finished  products. 

It  is  hoped  that  these  figures  will  help  to  present  to 
the  managements  of  central  stations  supplying  steel 
mills  with  power  a  general  idea  of  the  seriousness  of 
even  momentary  power  interruptions  and  in  a  small  way 
form  a  basis  for  the  plea,  "Help  us  if  you  can". 


is  ?iiriiac^  a^  n  Central  Statloji  Load 

V/iih  Parikalar  ilofarcaiie  to  i^'laase-jialajicln^  Sysiiejiis 


R.  D.  Evans 

General   Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


OME  of  the  fundamental  problems  in  the  develop- 
ment of  the  electric  furnace  has  been  that  of 
producing  installations  of  such  electrical  char- 
acteristics as  to  obtain  power  at  the  lowest  cost.  The 
development  of  the  large  central  station,  with  its  cheap 
production  of  power,  has  caused  the  electric  furnace  to 
become  a  central  station  load.  Hence,  the  problem 
has  become  that  of  modifying  the  furnace  load  so  as 
to  obtain  the  best  rates  for  power  from  the  central 
station. 

FACTORS  AFFECTING  THE   COST  OF   POWER 

The  characteristics  of  a  load  which  affect  the  cost 
of  power,  are; — the  amount  of  power  delivered,  the 
power-factor  of  the  load,  the  maximum  demand,  and 
the  amount  of  unbalanced  power.  For  determining 
the  cost  of  supplying  power  for  any  particular  load,  a 
balanced  load  of  unity  power-factor  and  of  constant 
value   equal   to   the   average   load   may   be   used   as   a 


FIG.    I — MECHANICAL   ANALOGY    OF   THREE-PHASE    POWER 

reference  load.  The  investments  required  to  meet  the 
other  characteristics  of  the  load,  such  as  low  power- 
factor,  high  short  time  demand  and  unbalanced  load 
are  taken  care  of  by  means  of  power-factor,  demand 
factor  and  unbalance  factor  or  a  combination  of  these 
factors.  The  amount  of  power  determines  the  ca- 
pacity of  the  prime  mover  and  approximately  the 
amount  of  coal  consumed.  Low  power-factor  of  a 
load  increases  the  capacity  required  in  generating  and 
transmission  apparatus,  and  also  increases  the  invest- 
ment required  to  obtain  good  regulation.  Unbalanced 
power  increases  the  heating  in  generators  and  in- 
creases the  cost  of  generating  and  distributing  appara- 
tus, and  requires  additional  investment  to  secure  good 
regulation  on  the  different  phases  of  the  distribution 
system.  High  demand  factor  requires  additional  ca- 
pacity in  all  apparatus,  and  of  course,  the  demand  is 
considered  with  respect  to  the  other  loads  on  the  tys- 
tcm. 

Before   going    further,    it   is    desirable    to   explain 
more  definitely  just  what  is  meant  by  balanced  power. 


When  the  voltages  of  a  three-phase  system  are  equal 
in  magnitude  and  displaced  by  120  degrees,  balanced 
voltages  are  obtained.  Similarly,  when  the  currents 
are  equal  in  magnitude  and  displaced  by  120  degrees, 
balanced  currents  are  obtained.  A  balanced  load  is 
one  of  such  characteristics  that  when  balanced  volt- 
ages are  applied,  balanced  currents  will  flow.  Bal- 
anced power  is  obtained  when  balanced  voltages  are 
applied  to  balanced  loads.  When  balanced  pow-;r  is 
obtained,  the  flow  of  power  is  such  that  the  total  power 
is  constant,  and  is  not  pulsating  in  value  during  the 
different  parts  of  the  cycle.  The  power  in  any  single- 
phase  circuit  is  pulsating.  The  power  in  a  balanced 
polyphase  circuit  is  always  continuous,  though  the 
power  in  the  different  phases  is  pulsating. 

MECHANICAL   ANALOGY   OF   POWER    FLOW 

A  picture  of  the  conditions  of  power  flow  can  be 
obtained  on  the  basis  of  a  mechanical  analogy.  As- 
sume a  motor  represented  in  Fig.  i  to  have  a  shaft  A 
through  which  power  is  supplied  to  operate  three  cyl- 
inders, B,   C   and   D,   which    require   power    for   com- 


-CURVES   OF    POWER   PULSATIONS 


pression  in  either  direction.  Let  the  curve  X  in  Fig. 
2  represent  the  power  required  by  one  cylinder  B, 
which  corresponds  to  one  phase  of  the  motor.  It  will 
be  observed  that  the  power  is  pulsating,  varying  from 
zero  to  a  maximum  and  back  to  zero  at  a  frequency  of 
twice  that  of  the  rotation  of  the  shaft  A.  Similarly, 
let  the  cun'e  Y  and  Z  represent  the  power  required  by 
the  phases  C  and  D  respectively.  The  total  power  re- 
quired is  the  sum  of  the  power  demands  for  each 
phase,  and  graphically  is  the  sum  of  the  three  curves, 
X,  Y  and  Z.  The  condition  of  low  power-factor  may 
be  represented  by  having  power  returned  to  the  motor 
during  part  of  the  cycle.  Graphically,  this  may  be  re- 
presented by  using  the  line  J-K  as  reference.  Under 
this  condition,  negative  power  is  power  that  is 
momentarily  fed  back  into  the  system.  This  condition 
is  obtained  electrically,  when  reactors  or  condensers 
discharge  the  energy  stored  in  them.  It  is  evident 
from  this  mechanical  analogy  that  low  power-factor 
increases  the  cost  of  apparatus  for  supplying  a  de- 
finite amount  of  power.  A  similar  arrangement  of 
cylinders  may  represent  a  three-phase  generator  which 
receives  power  from  its  cylinders  and  delivers  power 
through  the  shaft  to  the  motor  load.     This  mechanical 
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analogy  now  represents  a  three-phase  load,  generator 
and  transmission  system. 

The  curves  X,  Y  and  Z  of  power  demand  are  sine 
curves,  so  as  to  represent  the  electrical  conditions  for 
the  flow  of  power.  The  total  power  is  the  sum  of  the 
power  demands  of  the  different  phases.  GraphicoUy, 
tl.is  .';um  is  a  straight  line  when  the  curves  of  p.'.wer 
demand  are  equal  in  magnitude  and  displaced  120  de- 
grees. Under  this  condition,  the  total  power  delivered 
by  the  transmission  system  is  constant.  This  condi- 
tion represents  the  operation  with  balanced  power.  It 
should  be  noted  that  all  apparatus  is  operating  in  the 
most  economical  manner. 

If  the  total  load  were  of  such  a  nature,  that  the 
loads  on  the  different  phases  were  unequal  in  magni- 
tude, and  had  their  maximum  demands  at  unequal  in- 
tervals, it  is  evident  that  the  total  load  would  contain 
pulsating  power.  With  this  kind  of  a  load,  it  would 
he  possible  to  shift  the  positions  of  the  cylinders  so  as 
t(.  cause  the  maximum  demands  for  the  different 
phases  to  occur  at  proper  intervals,  and  thus  obtain 
balanced  power.  This  method  of  balancing  power  is 
accomplished,  electrically,  by  means  of  "static  bal- 
ancers", which  consist  of  transformers  with  special 
connections  that  will  be  described  later. 

If  the  loads  on  the  different  phases  are  unequal,  it 
is  evident  that  unbalanced  power  is  obtained.  Under 
this  condition,  the  ratio  of  maximum  to  average  stress 
IS  greater  for  delivering  a  given  amount  of  power  than 
would  be  the  case  if  the  total  load  contained  no  pulsat- 
ing power,  and  hence  all  apparatus  is  operated  in  an 
uneconomical  manner.  Furthermore,  an  excer.sive 
load  on  one  phase  of  the  motor  would  tend  to  slow 
down  the  generator  and  thus  disturb  the  loads  on  the 
ether  phases.  If  this  combination  of  motor  and 
generator  were  operated  mechanically  with  an  unbal- 
;;nced  load,  the  shaft  would  be  provided  with  a  fly- 
\iheel.  The  same  argument,  which  requires  a  me- 
chanical system  to  be  equipped  with  balancers  in  the 
form  of  flywheels  or  balancing  weights  in  case  of  [ul- 
sating  power,  also  applies  to  the  electrical  system. 
Electrical  balancers  should  be  installed  where  the 
tntal  power  taken  by  the  load  is  pulsating.  The  elec- 
trical equivalent  of  the  flywheel  is  the  rotating  phase 
balancer  which  draws  power  from  one  phase,  and  sup- 
plies it  to  another.  The  required  capacity  of  the 
br.lancer  is  proportional  to  the  amount  of  pulsatingr  or 
unbalanced  power.  The  static  balancer  require^  a 
separate  adjustment  of  phase  position  for  each  type  of 
urbalanced  load,  whereas  the  rotating  balancer  will 
cf.rrect  for  any  type  of  unbalance  within  its  capi'jity. 

This  mechanical  analog}^  shows  quite  clearly  some 
cf  the  characteristics  of  unbalanced  power,  but  it 
sl'Ould  be  borne  in  mind  that  all  analogies  are  im- 
perfect. 

Having  described  the  nature  of  the  various  fac- 
tors which  enter  into  the  cost  of  power,  the  next  point 
is  to  consider  how  these  factors  have  affected  the 
characteristics  of  the  electrical  apparatus  in  the  fur- 


nj'ce  installation.  The  cost  of  power  has  been  re- 
duced by  perfecting  furnaces  in  the  larger  sizes  so  that 
the  rates  may  be  based  on  larger  blocks  of  pov/er. 
The  furnace  has  been  improved  by  reduction  of 
thermal  losses  and  more  efficient  application  of  the 
heat  so  that  the  actual  amount  of  power,  per  unii  of 
i;roduct,  has  been  reduced.  The  power-factor  of  the 
furnace  has  been  improved  by  elimination  of  the 
older  types  of  induction  furnaces,  as  well  as  other 
types  which  required  an  excessive  amount  of  reactance 
in  the  circuit.  Better  interlacing  of  the  furnace  leads 
has  brought  about  the  condition  in  the  arc  furnaces 
vihere  the  amount  of  reactance  in  the  circuit  is  only 
sufficient  to  maintain  the  arc.  The  adoption  of  the 
automatic  regulator  has  improved  the  power-factor  in- 
directly by  making  unnecessary  the  use  of  reactors 
v.hich  were  installed  to  prevent  excessive  surges  of 
power.  In  a  few  installations,  unity  power-factor  has 
been  obtained  by  the  use  of  synchronous  apparatus, 
consisting  chiefly  of  motor  generator  sets,  supplying 
f.ower  for  single-phase  furnaces  or  furnaces  of  .'■pe- 
cial  frequencies.  The  demand  factor  of  tlie  electric 
furnace  load  has  been  improved  to  some  extent  by 
modifying  the  design  of  the  furnace  so  as  to  obtain 
greater  stability  of  the  arc  and  to  a  much  larger  extent 
by  the  use  of  automatic  regulators.  The  remaining 
factor  affecting  the  cost  of  power  is  the  amount  of 
unbalanced  power,  and  considerable  progress  has  been 
made  in  balancing  the  electric  furnace  load.  As  very 
little  has  been  published  on  the  operation  of  electric 
furnaces  with  respect  to  balanced  power,  this  question 
\vill  be  discussed  more  fully. 

ELECTRIC   FURNACES   WITH    RESPECT   TO   BALANCED 
POWER 

Most  of  the  early  types  of  electric  furnaces  were 
of  small  capacity  and  designed  for  single-phase  opera- 
tion, but  in  recent  years  the  number  and  capacity  of 
the  furnaces  have  increased  to  such  an  extent  that  the 
central  stations  have  demanded  that  the  larger  installa- 
tions draw  balanced  power  from  their  lines.  This 
important  restriction  on  the  part  of  the  central  sta- 
tions has  caused  the  engineers  to  modify  the  furnace 
loads  and  to  produce  many  new  furnace  systems.  In 
practically  all  of  the  recently  proposed  furnace  sys- 
tems, some  provision  has  been  made  to  secure  balanced 
power. 

The  requirements  for  obtaining  balanced  power, 
can  be  met  by  operating  the  furnace  in  the  following 
ways : — 

r — Single  or  polyphase  furnaces  with  motor  generator 
sets. 

2 — Single-phase  furnaces  simultaneously. 
3 — Polyphase   furnaces  with  equal  impedance  between 
electrodes. 

./ — Polyphase  furnaces  with  unequal  impedances  be- 
tween electrodes  with  static  balancing  systems.  Either 
special  transformer  arrangements  or  furnaces  of  special 
proportions  may  be  employed. 

5 — Single  or  polyphase  furnaces  with  phase  balancers. 

The  first  method.  Fig.  3,  involving  the  use  of 
motor  generator  sets,  is  the  oldest  and  most  obvious 
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arrangement  of  satisfying  the  requirements  of  bal- 
anced power.  Other  advantages  of  this  arrangement 
are  the  operation  of  the  motor  at  unity  power-factor, 
the  choice  of  generator  frequency  and  the  control  of 
furnace  voltage.  The  objections  to  this  arrangarrtnt 
are  the  higher  initial  cost  and  the  higher  operaiing 
Cdst  of  the  motor  generator  set  due  to  higher  mainen- 
ance,  lower  efficiency  and  the  necessity  for  attendants. 
In  the  second  method,  Fij.  4,  single-phase  fur- 
nsces  are  operated  as  a  group,  go  as  to  draw  balanced 
power  from  the  supply  lines.  Arc  or  resistance  fur- 
naces may  be  used,  and  when  the  furnaces  are  similar 
electrically,  balanced  power  is  easily  secured.  The 
objections  to  this  arrangement  are  that  three  single- 
phase  furnaces  are  more  expensive,  of  lower  thermal 
efficiency  and  occupy  more  space  than  one  polyphase 
furnace  of  the  same  capacity.  Further  objection 
exists  in  the  fact  that  these  furnaces  are  usually 
charged  at  different  times,  and  in  other  ways  are  not 
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FIG.  3 — .A  SINGLE-PH.ASE  LOAD 

B.'\L.ANCED  BY  A  MOTOR 

GENERATOR  SET 


FIG.  4 — THREE   SINGLE-PHASE  LOADS 

BALANCED  ON  A  THREE-PHASE 

SYSTEM 


Operated  as  a  group,  and  under  these  conditions,  the 
load  is  not  even  appro.ximately  balanced. 

The  third  method.  Fig.  5,  is  the  most  common, 
and  involves  the  symmetrical  placing  of  the  elect-^odes 
in  the  top  of  the  furnace.  The  furnaces  are  provided 
v,  ith  electrode  hoisting  mechanisms  which  are  operated 
preferably  by  automatic  control,  in  order  to  mainlain 
equal  current  and  therefore  equal  impedance  in  each 
phase  of  the  furnace.  As  the  furnace  load  is  of  the 
same  impedance  between  phases,  the  load  is  normally 
a  balanced  load  and  any  standard  polyphase  t.'ans- 
former  system  may  be  used  to  step  down  to 
furnace  voltage.  The  conditions  for  balanced  power 
are  that  the  impedances  of  the  different  phases  be 
equal  and  of  the  same  power-factor,  not  only  in  the 
furnace  itself,  but  also  in  the  furnace  leads  and  in 
the  power  transformers.  These  conditions  are  easv  to 
obtain,  due  to  the  symmetry  of  the  arrangement.  In 
this  connection  it  may  be  pointed  out  that  installations 
have  been  made  with  an  unsymnretrical  arrangement 
of  furnace  leads  which  caused  the  voltages  at  the  elec- 
trodes to  be  considerably  unbalanced.  This  un- 
balanced voltage  caused  unequal  heating  under  the 
different  electrodes  and  caused  the  total  power  drawn 
from  the  supply  to  be  unbalanced. 

Some  of  the  standard  transformer  connections 
have  a  neutral  point  in  the  secondary,  and  this  neutral 


point  may  be  connected  to  the  furnace  hearth.  It 
should  be  noted,  however,  that  this  connection,  though 
providing  a  path  for  the  harmonic  and  rectified  cur- 
rents, does  not  permit  any  current  of  normal  fre- 
quency to  flow  through  the  hearth  when  balanced 
power  is  secured.  •      »' 

The  fourth  method  can  be  considered  as  a  modi- 
fication of  the  third  method,  for  metallurgical  reasons. 
From  the  beginning  of  the  electric  furnace  develop- 
ment, many  operators  have  maintained  that  it  is  de- 
sirable to  have  bottom  electrodes  for  compelling  the 
current  to  flow  through  the  material  being  treated,  so 
that  part  of  the  heat  is  generated  in  the  bath  and  in 
the  electrodes  below.  Further  advantage  exists  in 
the  reduction  of  the  number  of  movable  carbon  or 
graphite  electrodes.  Hence  many  ingenious  arrange- 
ments have  been  proposed,  particularly  for  steel  fur- 
naces, to  provide  a  furnace  with  bottom  electrodes  in 
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FIG.    5 — SYMMETRICAL   THREE- 
PHASE   FLTRNACE   LOAD 


FIG.   6 — UNBALANCED  LOAD   WITH 
SCOTT  CONNECTION 


combination  with  a  transformer  system  that  will  meet 
the  requirements  of  drawing  balanced  power  from  the 
supply  lines. 

In  the  usual  case,  two  top  and  one  bottom  elec- 
trodes are  used.  The  impedance  of  the  furnace  be- 
tween the  two  top  electrodes,  having  two  arcs  in  series 
is  obviously  different  from  the  impedance  between  a 
top  and  bottom  electrode,  having  one  arc,  the  bath  end 
conducting  hearth  in  series.  This  arrangement  may 
be  represented  as  a  solid  to  which  power  is  supplied 
from  three  points.  This  complex  network  can  be  re- 
placed by  three  impedances  of  different  values  con- 
nected in  delta ;  and  this  can  be  further  simplified  by 
assuming  that  the  impedances  between  the  top  and 
bottom  electrodes  are  equal.  The  furnace  load  might 
also  be  represented  by  three  impedances  connected  in 
star.  In  this  case  it  is  evident  that  the  impedance  of 
each  phase  of  the  furnace  leads  may  be  added  to  the 
impedance  of  the  corresponding  phase  of  the  furnace 
and  these  values  used  to  represent  the  total  furnace 
load. 

It  is  evident  that  unbalanced  power  is  produced 
if  an  equilateral  triangle  of  voltage  is  impressed  on 
this  t3^pe  of  furnace.  To  reduce  this  unbalanced 
power,  the  transformer  system  must  be  such  as  to  per- 
mit a  variation  in  the  shape  of  the  triangle  of  voltage 
impressed  upon  the  furnace,  and  this  can  be  done  by 
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using  transformers  of  different  ratios.  The  change  in 
shape  of  the  furnace  vohage  triangle  also  changes  the 
phase  of  the  furnace  currents  from  being  displaced 
I20  degrees  from  each  other.  The  transformer  sys- 
tem must  also  provide  a  means  of  combining  these  cur- 
rents so  as  to  produce  primary  line  currents  displaced 
120  degrees  from  each  other. 

Some  of  the  standard  transformer  connections 
can  be  modified  to  meet  the  requirements  for  bal- 
anced power  and  others  cannot.  With  this  type  of 
furnace  the  only  transformer  connections  which 
satisfy  the  requirements  for  balanced  power  are: — 

Scott  Connection — Fig.  6. 

Slar-delta  — Fig.  7. 

Delta-star  —Fig.  8. 

The  calculations,  included  in  the  a])iicndi.\,  show 
that  it  is  possible  to  secure  balanced  power  from  a 
furnace  having  two  top  and  one  bottom  electrodes  by 
the  use  of  star-delta,  delta-star  or  Scott  connected 
transformers  of  suitable  ratio,  providing  that  the  fur- 
nace impedances  are  of  the  same  power  factor.  The 
Scott  connected  transformers  are  suitable  for  two- 
phase  supply  and  the  star-delta  or  delta-star  are  suit- 
able   for   three-phase    supply.     Between    the   last   two 


FIG.    7 — UNBALANCED  LOAD  VVn'H     KIG.   8 — UNIiALANCRD  LOAD  WITH 
STAR-DELTA     CONNECTION  DELTA-STAR  CONNECTION 

connections  there  is  little  choice  except  as  to  cost. 
The  transformers  of  the  star-delta  system  are  de- 
signed for  higher  secondary  voltage,  (line  voltage  in- 
stead of  star  voltage)  and  lower  secondary  current, 
(delta  current  instead  of  line  current)  and,  therefore, 
are  cheaper  than  transformers  of  the  corresponding 
delta-star  system.  If  the  ratio  of  the  furnace  im- 
pedances changes  during  the  heat,  it  may  be  necessary 
to  change  the  transformer  ratios  so  as  to  maintain 
balanced  power. 

Other  transformer  systems  have  been  used  to  re- 
duce the  amount  of  unbalanced  power,  which  do  not 
satisfy  the  conditions  for  obtaining  balanced  power. 
For  example,  with  the  Tee-connection,  Fig.  9,  the  only 
condition  for  obtaining  balanced  power  is  that  the  im- 
pedances between  the  different  electrodes  be  equal. 
This  condition  cannot  be  satisfied  with  a  furnace  hav- 
ing two  top  and  one  bottom  electrodes.  Another  con- 
nection sometimes  used  is  the  two-phase,  three-wire 
system.  Fig.  10.  With  this  connection  the  condition 
for  obtaining  balanced  power  is  that  the  impedances 
between   the   two   upper   electrodes   be    infinite.     This 


condition  cannot  be  satisfied  with  a  furnace  having 
two  top  and  one  bottom  electrodes.  In  case  the  three 
electrodes  are  placed  in  the  top  of  the  furnace,  it  is 
also  impossible  to  secure  balanced  power. 

The  attempt  has  frequently  been  made  to  obtain 
balanced  power  by  using  some  transformer  arrange- 
ment which  gives  equal  transformer  currents,  such  as 


9 — UNBALANCED   LOAD   WITH 
TEE  CONNECTION 


KIG.     ID — UNBALANCED    LO.\D 
WITH  TWO-PHASE,  THREE- 
WIRE    CONNECTION 


the  one  shown  in  Fig.  11.  It  is  obvious  that  since  the 
load  is  single-phase  and  therefore  pulsating,  the  power 
drawn  from  the  supply  is  also  pulsating  or  unbalanced. 

There  is,  however,  a  special  connection*  shown 
in  Fig.  12,  by  means  of  which  a  single-phase  load  may 
be  balanced  by  the  addition  of  a  reactor.  The  ex- 
planation may  be  readily  shown  by  a  vector  diagram. 
Fig.  13.  £a  and  £5  are  the  voltages,  /»  and  I^  are  the 
currents  due  to  the  resistance  furnace  load.  The 
primary  currents  are  equal  in  magnitude,  but  are  not 
displaced  90  degrees  in  phase.  The  proper  phase  dis- 
placement may  be  obtained  by  adding  the  reactor  cur- 
rent, /x  to  /a  so  as  to  obtain  the  current  I\,  which  is 
equal  to  and  displaced  90  degrees  from  I^,.  By  this 
means  balanced  power  is  obtained  at  70  percent 
power-factor.  Hence,  this  is  not  a  good  balancing 
scheme,  but  it  illustrates  static  balancing  systems. 

To  avoid  the  special  transformer  connection  re- 
quired by  the   preceding  method,    furnaces  have  been 
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_AViAV 

w^A 

Tr.insformer 

Reaclor  F"'""' 


FIG.     II — EQU.\L    TRANSFORMER 

CURRENTS  FROM   SINGLE-PHASE 

LOAD 


FIG.      12 — SINGLE-PHASE     LOAD 

HALANCED  BY    MEANS  OF  AN 

.'\DDITIONAL    REACTOR 


built  with  two  top  and  two  bottom  electrodes  supplied 
from  a  two-phase,  four-wire  system,  Fig.  14.  The 
usual  carbon  cylinders  form  the  top  electrodes  and 
steel  grids  imbedded  in  high  resistance  refractoiy  ma- 


*Sce  "The  Supply  of  Single-Phase  Power  from  Three- 
Phasc  Systems"  by  Miles  Walker,  Inst.  Elcc.  Engrs.,  Vol.  57, 
pp.  109-139. 
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terial  form  the  bottom  electrodes.  The  furnace  load 
may  be  represented  as  a  solid  to  which  power  is  sup- 
plied at  four  points  from  a  two-phase  system.  This 
complex  network  can  be  replaced  by  an  equivalent 
network  of  six  impedances.  The  solution  of  this  net- 
work can  be  obtained  by  setting  up  the  equations  ac- 
cording to  Kirchhoff's  laws  and  solving  by  determin- 
ants. The  solution  which  is  given  in  the  appendix 
shows  that  balanced  power  can  be  secured  when  the 
furnace  impedances  bear  a  certain  definite  relation  one 
to  another.  If  the  ratios  of  the  furnace  impedances 
change  during  the  heat,  it  is  possible  that  the  length 
of  the  arc  may  be  varied  so  as  still  to  satisfy  the  con- 
ditions for  balanced  power. 

The  fifth  method,  involving  the  use  of  phase  bal- 
ancers, has  been  proposed  at  many  stages  of  the  de- 


ne. 13— VECTOR  DIAGRAM  OF  CON-     FIG.      I4— BALANCED     TWO-PHASE 
NECTIONS  SHOWN  IN  FIG.   12  LOAD 

vclopment  of  electric  furnaces  In  the  past  this 
scheme,  involving  as  it  does  the  use  of  rotating  ma- 
chinery, has  been  considered  rather  expensive  for 
commercial  installations.  Within  the  last  few  years, 
the  knowledge  of  phase  converters  has  been  greatly 
increased  and  an  inherently  self-balancing  phase  con- 
verter has  been  produced.**  When  the  phase  con- 
verter involves  a  synchronous  machine,  there  is  the 
further  possibility  of  using  the  machine  as  a  con- 
denser, so  as  to  make  the  furnace  load  of  approxi- 
mately unity  power-factor.  One  method  of  using 
these  possibilities  to  advantage  with  electric  furnaces 
is  shown  in  Fig.  15.  In  this  case  the  phase  converter 
is  similar  to  a  synchronous  condenser,  except  for  the 
special  damper  windings.  An  auxiliary  machine  of 
the  induction  motor  type  is  connected  in  series  v/ith 
the  main  converter,  and  is  driven  from  the  converter 
shaft.  In  this  arrangement,  the  phase  converter 
carries  its  maximum  load  as  a  synchronous  con- 
denser and  zero  load  as  a  converter  when  the  three 
furnaces  are  operating  at  full  load.  The  phase  con- 
verter carries  its  greatest  load  as  a  converter  and  its 
smallest  load  as  a  condenser  when  only  one  furnace 
is  operating.  On  this  account,  the  capacity  of  the 
phase  converter  is  determined  by  its  operation  as  a 
synchronous  condenser  for  furnace  loads  of  85  to  90 
percent  power-factor  or  below.     It  is  possible  to   se- 


cure the  advantages  of  phase  balancing  by  using  a 
synchronous  condenser  provided  with  additional 
damper  windings  on  the  rotor,  and  a  small  induction 
motor  mounted  on  the  shaft  of  the  condenser.  The 
size  of  the  phase  converter  depends  upon  the  amount 
of  unbalanced  load  and  not  on  the  total  amount  of 
load.  For  balancing  single-phase  loads  the  capacity 
required  of  the  phase  converter  is  approximately  half 
of  that  required  of  either  unit  of  the  corresponding 
motor-generator  set.  The  size  of .  the  auxiliary  ma- 
chine depends  upon  the  impedance  of  the  phase  con- 
verter. It  usually  would  be  from  ten  to  twenty  per- 
cent of  the  capacity  of  the  converter.  Recently 
some  operators  have  insisted  upon  apparatus  for  cor- 
recting the  power-factor  of  the  furnace  loads.     Thus 


V. 


Phase  Convert! 
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FIG.    15 — APPLICATION    OF    PHASE   CONVERTER    TO    FURNACE    CIRCUITS 

the  combination  of  phase  balancing  and  power-faclcr 
correction  in  one  unit  make  this  scheme  a  promising 
one. 

CONCLUSION 

There  are  several  methods  available  which  enable 
the  electric  furnace  to  draw  balanced  power  from  the 
supply  lines.  Methods  of  determining  the  unbalance 
of  a  load  are  available.!  The  present  trend  of  develop- 
ment indicates  that  in  the  future  more  attention  will 
be  paid  to  methods  of  balancing  furnace  loads  and  to 
determining  the  cost  of  supplying  unbalanced  loads. 


APPENDIX 

MODIFIED   SCOTT  CONNECTION 


FIG.    16 

Let  the  primary  voltage  equal  £ : — 

a,  =  £1  -=-  £'w  for  main  transformer. 

Oj  =  £,  -H  £'.  for  teaser  transformer. 

ji  =  Admittance  between  top  electrodes. 

J':  :=  Admittance  between  top  and  bottom  electrodes. 
Assume  primary  voltages  : — 

£'w  =  E 

£'.   =  —  /£ 


**See  paper  by  C.  L.  Fortescue  on  "Method  of  Sym- 
metrical Co-ordinates  Applied  to  the  Solution  of  Polyphase 
Networks,"  A.  I.  E.  E.  Proc,  June  1918,  p.  702. 


tSee  paper  on  "Measurement  of  Power-Factor  on  Un- 
balanced Polyphase  Circuits,"  presented  by  the  writer  at  the 
1920  Summer  Convention  of  the  A.  I.  E.  E. 
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Secondary  or  furnace  voltages  : — 
£■  =  —  a,  £ 
£;  =:  J/^  a,  £  —  jch  E 

E-i  ■=.  y2  Qz  E  -\-  jch  E 

Furnace  delta  currents: — 
/i  =  —  Oi  Ey-i 
I2  =  yi  a,  Ey.  —  i<h   £>•. 
h  =  Vz  (h  Eyi  -f  jch  Ey: 

The  secondary  currents  are : 

/,  =  /,  —  /,  =  —  ajy,£  —  Yi  a^y~.E  —  ya.yj£. 
h  :=^  h  —  h  ^  -\-  ChyiE  +  Yi  Oj}'j£  —  ja:y:E. 

h   =  h  —  h  z:=  4-  j  2Chy!E. 

The  currents,  h  and  I,,  each  flow  through  one-half  of  the 
total  low-voltage  windings  on  a  common  core  and  they  can  be 
replaced  by  an  equivalent  current  /»■  flowing  through  the  total 
winding. 

/w  :=  —  OiyiE  —  Yz  Oiy-.E. 

The  primary  currents  are : 

I\-  —  ih'yiE  -f  54  ai'y:E. 

I'z   =  —  y  .?  o".  y^E. 
On  substituting  the  condition  that  the  currents  be  equal  in 
magnitude,  the  following  equation  is  secured : 

3  Os^  y:£  =  Ci"  3',£  -f  Yz  fli"  y:E. 

^=       /"v.-  (A) 

yt       40.-:  —  a, ^    ' 

When  the  transformer  ratios  and  the  furnace  admittances 
are  such  as  to  satisfy  equation  {A),  the  condition  for  balanced 
power  has  been  obtained.  The  primary  voltages  were  assumed 
equal  in  magnitude  and  displaced  90  degrees  in  phase,  and  the 
resulting  currents  are  equal  in  magnitude  and  are  displaced  90 
degrees  in  phase. 

It  is  interesting  to  substitute  the  condition  that  the  furnace 
impedances  are  equal,  that  is,  yi  =  y-.  into  equation  {A),  which 
gives  the  ratio  Oi  -f-  Oi  =  0.866  which  checks  the  well  known 
ratio  of  Scott-connected  transformers  for  two-phase  to  three- 
phase  transformation. 

Further  examination  of  equation  {A)  shows  that  balanced 
power  can  only  be  secured  when  the  furnace  impedances  are  of 
the  same  power-factor.  The  right  hand  member  of  this  equa- 
tion involves  only  real  numbers  and  hence  the  left  hand  mern- 
ber  must  also  involve  only  real  numbers,  and  this  condition  is 
secured  only  when  the  impedances  arc  of  the  same  power- 
factor.  Hence,  it  is  possible  to  secure  balanced  power  from  a 
furnace  having  two  top  and  one  bottom  electrodes  by  the  use 
of  Scott-connected  transformers  of  suitable  ratios,  providing 
the  furnace  impedances  are  of  the  same  power-factor. 

STAR-DETL.\   CONNECTION 


FIG.    17 

Let  V  J  £  ^  absolute  value  of  three-phase  supply  voltage. 
Oi  =  £0  -f-  £', 
a-  =  £b  -j-  £'b  :=  £c  -V-  £'c 
k   =  £'.  ~  E 

j'l  =  admittance  between  top  electrodes. 
y:  ^=  admittance  between  top  and  bottom  electrodes. 

Assume  the  primarv  star  voltages  as: 
£'«  =  kE 

E\  —  —  J.5  E  -\-  kE  +  j  .866  E 
£'c  =  —  1.5  E  +  kE  —  i  .866  £ 

Then  the  secondary  or  furnace  voltages  are: 
£.  =  —  kc,  E 

£b  =:  -f  l.S  diE  —  ka-.E  —  y  0.866  a,E 
£c  ^  -j-  1-5  a-.E  —  ka-E  +  ;  0.866  a-E 

The  furnace  delta  currents  are : 
/,  =  —  ka,y,E 

/:  =  +  7.5  a-y-.E  —  ka-y.E  +  j  0.866  (hyiE 
I,  ^  +  1.5  a,y:E  —  kchy-.E  —  j  0.S66  a-.y^E 

The  currents  in  the  furnace  leads  are: 
/x  =  /i  —  /i  =  —  ka,y,E  —  7.5  <hy:E  -f-  ka-jy.E  -\-  j  0.866  a.y~E 
IfZ=I.  —  h^-\-  ka,y,E  -f-  7.5 (hy-.E  —  ka~y-E  -f-  j 0.S66  a-.y,E 


The  currents  flowing  in  the  delta  of  the  transformer  group 
are  such  as  to  produce  the  currents  h,  I„  /.  flowing  in  the  fur- 
nace leads. 

Hence  the  following  equations  determine  the  value  of  the 
delta  currents : 

h  —  I.  =  1, 
/b  —  /c  =  /. 
Oih  +  flj/b  +  Ozh  =  0 

This  last  equation  follows  from  the  fact  that  the  sum  of 
the  currents  flowing  into  the  star  point  on  the  primary  winding 
must  equal  zero.  The  solution  of  the  above  equations  by  de- 
terminants is  as  follows : 

a..  (3  I,  +  I.) 


/.  =  — 

/b  =  + 

/c    =    + 


2  at  +  a, 

aJt  -)-  fli  /y  -j-  Oi/, 

a,/y  —  aj. 


2  ai-\-  Oi 

The  transformer  secondary  currents  are: 

(2  Oi  -)-  Oi)  /„  :=  —  2  ka,a-y,E  —  3  a'y~E  -\-  2  ka^'y^E 
(2Ch  +  ai)  /b  ^  -f  k<h^yiE  -\- 1.5  a,a~y:E  —  koia-y-E 

—  y  (0.S66  OiO-y:  +  I.7J2  flj'y.)  £ 

(2  a2-{-ai)  h^  +  kch'yiE  -\- 1.5 a,a:y:£  —  ka^chy-.E 
+  y  {0.866  ch<hyi:  +  1.732  a-'y:)  E 

The  line  currents  on  the  high-voltage  side  are: 

(-  0:  -j-  Qi)  /.'  =  +  ^  ka{'a:yiE  +  3  a^'aiyzE  —  2  kaz'a,y;  E 
(2  O:  +  a,)  /b'  =  —  ka,"chy,E  —  1.5  a'oiy-E  -f-  kch'oiyiE 

+  y  (0.866  (h'Oiy-E  -)-  1.732  Oz'y'zE) 
(2  a: -\- Oi)  h'  =  —  kot'o-iytE —  1.5  a~"a,y:£ -{-  ka'a^y-E 

—  y  (0.866  Oia'y-E  -\-  1.732  a/y:£) 

It  is  evident  that  the  sum  of  the  primary  currents  is  zero. 
The  conditions  for  balanced  power  are, — 

(i)  That  Yz  the  real  part  of  /.'  would  be  equal  to  the 
real  part  of  h'  and  h',  and  it  is  evident  that  this  is  true. 

(2)  That  0.866  of  the  real  part  of  //  be  equal  to  the 
imaginary  parts  of  h'  and  Ic'  and  that  their  signs  should 
be  different. 

The  second  condition  gives  the  following  relation : — 
J'l  fl:"  +   kOi  at  —  OiOi 

yt  ~  ka^' 

The  condition   for  the  sum  of  the  secondary  voltages   to 
equal  zero  determines  the  value  of  k,  which  is 
,   _  3  02 

a,  +  2a2 
On  substituting  this  value  of  k  into  the  previous  equation, 
the  following  equation  is  secured: — 
y,        2  a^  -\-  2  a-i  a-s  —  a^ 
"yT"  i  Oi' 

Hence  it  is  possible  to  secure  balanced  power  with  a  fur- 
nace having  two  top  and  one  bottom  electrodes  by  the  use  of  a 
star  delta  connection  of  transformers  when  the  star  point  on 
the  primary  is  properly  displaced  and  when  suitable  transformer 
ratios  are  employed,  providing  that  the  furnace  impedances  are 
01   the  same  power- factor. 

DELTA-STAR  CONNECTION 


FIG.    18 

Let  £  =  absolute  value  of  three-phase  supply  voltage, 
fli  =  £1  -f-  £1' 
02  =  E,^  E.'  =  £,  -^  £.' 

2,  =  impedance  between  bottom  electrode  and  the  neu- 
tral point  of  the  bath. 
S:  =  impedance  between  top  electrode  and  the  neutral 
point  of  the  bath. 

Let  the  primary  voltages  be : 

£'.  =  -f  y  £ 

E't  =  —  0.866  E  —  }  0.5  E 
£',  =  +  0.866  E  —  j  0.5  E 


I 


September,   1920 


THE  ELECTRIC  JOURNAL 


379 


The  secondary  star  voltages  are : 

£1  =:  —  jOiE 

£2  =  4-  0.866  a^.E  +  ;  0.5  (hE 
£j  =:  —  O.S66  chE  +  ;'  0.5  ChE 

The  furnace  voltages  are : 

£,  =  0.866  (hE  +  ;■  (0.5  Oj  +  Oi)  £ 

£b  =:  0.866  OiE  —  /   (O.^  Os  +  flj)    E 

£c  =  —  1.733  a^E 

The  currents  flowing  in  the  furnace  are  such  as  to  produce 
drops  equal  to  the  impressed  voltages,  and  in  addition  the  sum 
of  these  currents  must  be  zero.  The  conditions  are  sufficient  to 
determine  the  value  of  the  furnace  currents  by  the  solution  of 
the  following  equations : — 

hz,  _  te  =  —  £. 

h"2    —I^2    =    —    £c 

L  +  h  +  h  =  0 

The  solution  of  the  above  equations  by  determinants  is  as 
follows : — 

2C,E.   +   ZzEc 


four  points  and  this  solid  may  be  replaced  by  an  equivalent  net 
work  of  six  impedances,  as  shown  in  Fig.  ig. 


/. 


+ 


.;,£c  —  Z2E, 
2=,z,  +  ^7 
SzEc  +  2i£c  +  ZiEi 

2Z,Z,   +   S=' 


The  transformer  secondary  or  furnace  currents  can  now  be 
written : — 

(.'  z,z,  +  s-:)  h  =  —  i  (a,z,  -^-^a^s,)E 

(p  z,Zi  +  z:') I,  =  +  I.7S2  OsSiE  +  o.866chZ2E  +  ;'  {0.5  aA-\-  chz,)  E 
(3  z,Z2  +  Z2')  h  =  —  i.732(hSiE  —  o.866ckz~E  +  j{o.s  a~.c-:-\-  <hz,)  E 

The  transformer  primary  currents  are: 
(.■'  z,z~  +  T;-)  / ' ,  =  +  ;■  (OiO-^;  +  2  a}z^)  E 
{2 ZxZ2-\-  z.-)  /'-  =  —  i.^^za^ZiE  —  0.866  a-.rz^.E  —  ;  {0.5  arz2 

-\-<ha~z,)  E 
(-•'  ~i-j  +  .=:")  /'a  =  +  1.732  a~'z,E  +  0.866  Oi-z-E  —  /  {0.5  a:'z2 

+  OithZi)  E 

The  line  currents  on  the  high-voltage  side  are : 

(2  z,Z:  +  Z2-)  h  =  -\-  1.732  a^ZiE  +  0.866  a/ZiE  —  /  (2  a.,a,Z2 

+  o.S  a^-Z:  +  2  (h'Z^)  £ 

{2  ZtZ2  +  .::')  /y  =  +  1.732  a^-ZiE  +  0.S66  a^'z^E  +  ;'  ( ?  0,02^: 

+  0.5  a.?z.  -f  2  ai'z^)  E 

(2  ZxZi  +  Z2-)  Iz  =  —  3.464  aJ'ziE  — 1.732  arz..E 

The  conditions  for  balanced  power  are  that  the  line  currents 
be  equal  in  magnitude  and  displaced  120  degrees  from  each 
other.  An  examination  of  the  above  equations  show  that  these 
conditions  may  be  simplified  into  the  following: — (l)  that  ^ 
the  real  part  of  h  must  equal  the  real  part  of  /i  and  /y ;  (2) 
that  0.866  of  the  real  part  of  h  must  equal  the  imaginary  part 
of  /x  and  1}  and  that  their  signs  be  different.  The  second  con- 
dition gives  the  following  equations  : — 

3  (k'Zi  +  1.5  <jj-^:  =  2  a^iO^.z^  -\-  0.5  0./.C;  -f-  2  ai'r-,. 
Zi  2  (h'  -\-  2  a,a2  —  a-j' 

Z:  ~  3  a^- 

The  above  equation  shows  that  balanced  power  can  he  se- 
cured from  this  type  of  furnace  by  using  transformers  of  suit- 
able ratios,  provided  the  loads  in  the  secondary  circuit  have  the 
same  power-factor. 

FURNACES  WITH  TWO  TOP  ELECTRODES  AND  TWO  BOTTOM   ELECTRODES 

In  this  furnace,  Fig.  14,  y  and  y'  represent  two  top  elec- 
trodes, .V  and  x'  represent  two  iron  grids  embedded  in  high 
resistance  refractory  material.  The  condition  in  the  furnace 
may  be  represented  as  a  solid  to  which  power  is  supplied  from 


Let  £  ==  absolute  value  of  the  two-phase  supply  voltage. 
Assume  the  impedances  and  currents  with  positive  directions  as 
indicated.  By  setting  up  the  equations  according  to  Kirchhoff's 
laws  and  letting  £,  =  £  and  £;  =  -|-  /£,  the  following  equa- 
tions are  secured : 

A    :=   A    -)-    /,    -^   /„ 
=   h    +    h-\-   I, 

h  =  -  L  +  h  +  h        ■ 

ah  +  bh  =  E 

eh  +  fh  =  E 

bh  —  fh  =  +  jE 

ch  =  +  jE 

dh  —  E 

h     =-  ih 

The  last  of  the  above  equations  represents  the  conditions 
that  must  be  obtained  in  the  furnace  in  order  to  secure  balanced 
power. 

The  solution  of  the  foregoing  equations  to  obtain  the  con- 
dition for  balanced  power  is  secured  by  setting  the  following 
determinant  equal  to  zero  : — 

/„      /.      /       Ij      ',      I,      I,      h     ^' 


II 

(J 

0      E 

f 

0 

IJ      E 

-f 

IJ 

IJ  i-jE 

1) 
u 

IJ 

IJ  *]E 
U      E 

0       I 


The  solution  of  the  above  determinant  gives  the  following 
general  expression : 

fh  ~  a  '^  -'■'  \  at-  "  ad    +  ,u-  +  7c      ed      ab  "+"  be        bd ) 

The  above  is  the  general  solution  for  this  type  of  net  work, 
but  the  conditions  that  obtain  in  the  commercial  furnace  are 
such  that  the  impedances  x' y  and  xy'  are  equal  and  also  that 
xy  and  x' y'  are  equal.  On  substituting  this  condition,  that 
c  ^  d  and  c  ^=  b,  the  general  expression  reduces  to  the  follow- 
ing simple  expression : 

t  =  i  7/ 

The  condition  for  balanced  power  is  that  the  impedance 
between  the  top  electrode  of  one  pha^e  and  the  bottom  electrode 
ol  the  other  phase  be  the  geometric  mean  of  the  impedance  be- 
tween the  top  electrodes  and  the  impedance  between  the  bottom 
electrodes.  When  this  type  of  furnace  is  properK-  designed  the 
furnace  transformers  need  not  be  of  any  special  ratio  of  trans- 
formation, as  is  required  by  the  other  method  for  obtaining 
balanced  power  from  a  furnace  equi|)ped  with  bottom  electrodes. 
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CRANES  of  some  form  are  used  in  practically 
every  manufacturing  establishment  and  in 
many  other  industries.  They  may  be  briefly 
classified  as  jib,  gantry,  traveling,  tram  or  locomotive 
cranes.  The  function  of  a  crane  is  to  hoist  or  lowrer 
a  load  or  move  it  from  one  position  to  another.  Small 
cranes  often  have  the  hoist  operated  by  hand.  Larger 
cranes  are  operated  by  electric  motors.  These  may  be 
controlled  from  the  floor  or  the  operator  may  be 
located  in  a  cage  suspended  from  a  portion  of  the 
crane  structure. 

The  traveling  crane  is  one  of  the  best  known  types 
of  power  operated  cranes.  It  consists  of  a  bridge  struc- 
ture provided  with  a  truck  al  eitlier  end,  which  travels 
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With  and  without  cover.  The  individual  cam  units  are 
shown  in  Fig.  3.  Each  unit  is  operated  by  a  cam  attached  to 
the  vertical  shaft.  A  lever-type  handle  is  used  so  that  the  for- 
ward motion  of  the  handle  can  represent  lowering  and  the 
backward  motion  hoisting. 

on  rails  lengthwise  of  the  building.  On  the  bridge  is 
a  pair  of  rails  supporting  a  trolley  which  moves  back 
and  forth  from  one  end  of  the  bridge  to  the  other,  the 
hoisting  mechanism  being  mounted  on  the  trolley.  A 
crane  of  this  kind  uses  at  least  three  motors,  one  for 
moving  the  bridge,  one  for  moving  the  trolley  and  the 
third  motor  for  hoisting  the  load.  Some  trolleys  are 
provided  with  two  hoists,  one  known  as  the  main 
hoist  which  lifts  heavy  loads  at  relatively  slow  speeds, 
the  other  the  auxiliary  hoist  arranged  for  lifting  light 
loads  at  high  speeds.  Some  large  cranes  have  two 
trolleys  each  with  a  main  and  auxiliary  hoist,  making 


a  total  of  four  hoisting  motors,  two  trolle}'  motors 
and  one  bridge  motor  or  seven  motors  in  all.  Direct- 
current  series  motors  are  considered  the  best  for  this 
service.  They  require  fewer  trolley  wires  than  alter- 
nating-current motors  and  usually  have  less  inertia  in 
their  rotating  elements.  The  series  direct-current 
motor  has  a  very  desirable  speed-torque  characteris- 
tic. With  light  loads  the  speeds  are  high  and  with 
heavy  loads  considerable  more  than  normal  torque  can 
be  developed,  for  short  periods  of  time,  at  relatively 
slow  speeds.  Due  to  these  characteristics  heavy 
loads  can  be  lifted,  when  necessary,  and  at  the  same 
time  considerable  speed  can  be  obtained  in  handling 
light  loads. 

Another  ver}'  desirable   feature  of  the  direct-cur- 
rent motor  is  its  use  as  a  generator  in  lowering  loads. 
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Fir,.   2 — SPF.F.D-TOROUE  CL'RVE  OF  .A    SERIF.S    HOISTING    MOTOR 

These  curves  show  five  points  hoisting  and  six  points 
lowering.  The  curves  above  the  zero  line  are  for  hoisting  con- 
ditions and  below  the  zero  line  for  lowering.  The  lowering 
curves  to  the  left  of  the  zero  line  represent  operation  as  a 
motor.  The  bottom  cur\e,  indicating  a  light  hook  requiring  20 
percent  of  normal  load,  shows  that  150  percent  of  normal  speed 
can  be  obtained.  E.xtensions  of  curves  for  lowering  repre- 
sent the  motor  operating  as  a  compound-wound  generator. 
Where  a  different  number  of  notches  is  used,  the  top  and 
bottom  curves  will  be  kept  approximately  as  shown  and  the 
intermediate  curves  varied  to  suit   the  number  of  notches. 

This  is  known  as  dynamic  braking  and  avoids  the 
use  of  a  friction  brake  for  lowering  the  load.  The 
heat  developed  by  the  motor  may  be  more  than  v.hen 
using  a  standard  friction  brake  but  this  is  more  than 
compensated  for  by  the  reduced  maintenance  charge 
which  is  involved  where  friction  brakes  are  used  to  ab- 
sorb energ}'. 

In  addition  to  the  direct-current  series  motors, 
the  general  purpose  crane  requires  a  controller  for 
each  motor  and  a  limit  switch  and  magnet  brake  for 
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the  hoist  motors.  In  some  cases  overload  protection 
is  provided  by  a  separate  panel  known  as  a  crane  pro- 
tective panel.  If  the  controller  is  of  the  magnetic 
type,  the  protective  device  can  be  included  with  the 
controller.  In  selecting  the  controller  the  choice  lies 
between  the  manual  and  magnetic  type.  Each  has  its 
advantages  and  no  general  rule  can  be  laid  down  for 
making  a  selection.  The  determining  factors  are  the 
size  of  motor  and  the  service  requirements. 

The  manual  controller  has  a  less  first  cost  than 
the  magnetic,  the  wiring  connections  are  simpler  and 
the  total  weight  of  the  control  equipment  is  less.  On 
the  other  hand,  the  manual  controller  requires  some- 
what more  power  to  operate  than  a  master  switch  of 
the  magnetic  type  and  the  contacts  are  less  durable, 
as  the  manual  operation  is  not  as  positive  as  the  mag- 
netic. A  manual  controller  does  not  provide  for 
automatic  acceleration  or  deceleration.  The  dura- 
bility of  the  controllers  bears  a  direct  relation  to  the 
power  required  to  operate.  If  the  motor  is  large  and 
the   service   severe,   the   magnetic   controller   should  be 


trollers  on  some  cranes  and  manual  controllers  on 
others.  In  order  to  make  it  easy  for  the  same  set  of 
electricians  to  take  care  of  these  different  controllers, 
it  is  desirable  for  them  to  have  as  many  features  in 
common  as  practical.  Manual  controllers  are  now 
available  which  use  the  same  diagram  of  motor  con- 
nections as  the  magnetic  type.  The  various  sizes  of 
controllers  may  differ  in  the  number  of  resistor 
notches,  but  the  scheme  of  connections  is  the  same 
and  the  same  resistors  may  be  used  for  a  given  horse- 
power with  either  magnetic  or  manual  controllers.  If 
the  number  of  resistance  connections  is  different,  the 
terminals  on  the  resistors  may  readily  be  shifted  to 
take  care  of  this  condition.  The  speed  torque  cun-es 
of  the  motors  are  identical,  (Fig.  2),  the  highest  and 
lowest  speeds  being  the  same  for  any  controller  and 
the  intermediate  speeds  depending  on  the  number  of 
notches.  Lever-type  handles  are  used  for  both  the 
manual  controller  and  the  master  switch  of  the  mag- 
netic type ;  the  forward  movement  lowers  the  load  and 
the  reverse  movement  connects  the  motor  for  hoisting. 


Fir..   3 — DETAILS  OF  CAM   CONFACTOR 

Showing  action  of   the  contactor  in  opening  and  closing.     The  movable  contact  is  mounted  on  an  adjustable  huiged  member, 
so  that  the  location  of  the  contact  can  be  set  to  give  the  proper  rolling  action. 


selected  on  account  of  this  durability.  The  small 
manual  controllers  and  the  larger  ones  applied  to  in- 
frequent service  are  satisfactory,  as  the  additional 
force  required  to  move  the  handle  is  not  iinportant 
where  the  operations  are  infrequent. 

The  advantages  of  the  magnetic  type  of  con- 
Ircller  consist  in  its  durability,  its  ease  of  operation, 
the  location  of  the  arcing  at  a  distance  from  the  oper- 
ator, and  the  small  space  required  for  the  master 
switch,  which  enables  the  operator  to  observe  the 
movements  of  the  load  more  readily.  This  type  pro- 
vides automatic  acceleration  and  deceleration,  which 
is  particularly  desirable  with  large  cranes.  Where 
large  motors  are  used  it  is  desirable  to  have  the  arc- 
ing remote  from  the  operator.  The  magnetic  con- 
troller is  heavier  and  occupies  more  space  than  the 
manual,  its  first  cost  is  greater  and  the  wiring  con- 
nections are  somewhat  more  coinplicated. 

In  many  mills  and  other  establishments,  cranes 
are  used  for  various  purposes.  Some  of  these  cranes 
will  have  large  motors  and  will  be  operated  very  fre- 
quently. Others  will  be  smaller  and  used  less  fre- 
quently.    It  is,  therefore,  logical  to  use  magnetic  con- 


Details  of  these  controllers  have  been  worked  out  so 
that  both  the  manual  and  magnetic  types  use  the  same 
contacts  and  the  same  arc  boxes;  the  connections  be- 
ing identical,  the  same  limit  switches  can  be  used. 

In  selecting  controllers  for  a  given  installation, 
various  sizes  of  motors  should  be  tabulated  and  f  .vo 
or  possibly  three  sizes  of  controllers  selected  fo.  the 
entire  range.  These  controllers  can  be  so  selected 
that  the  same  size  contacts  and  arc  boxes  will  be  used 
lor  the  manual  and  magnetic  types.  This  will  reduce  the 
spare  parts  required  to  a  minimum.  Ordinarily  two 
sizes  of  contacts  should  give  the  proper  range  for  an 
ordinary  establishment. 

The  manual  controller  is  illustrated  in  Fig.  i.  It 
consists  of  a  number  of  manually-operated  contactors 
liiounted  in  a  frame  which  is  of  the  same  general 
shape  and  size  as  the  drum  controller.  Each  unit  is 
separate  and  either  the  moving  or  stationary  element 
can  be  readily  taken  out  and  replaced  without-  dis- 
turbing other  parts.  The  action  of  the  contact  is 
identical  with  the  magnetic  contactor  and  is  illustrated 
in  Fig.  3.  The  standard  hoisting  controllers  are  pro- 
vided  with   the   same   number  of   units   as   the  bridge 
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and  trolley  controllers  but  differ  in  the  arrange-  as  the  operation  of  the  crane  requires  a  considerable 
ment  of  cams.  Both  controllers  are  of  the  same  size  amount  of  skill  in  handling  the  load  and  a  good 
and  are  identical  with  the  exception  of  the  cams  and  operator  would  not  attempt  to  stop  his  load  from  full 
wiring  connections.  The  contacts  are  carried  on  two  speed  without  first  slowing  it  down,  but  in  some  in- 
brass  pieces  which  are  clamped  together.  The  sur-  stallations  it  has  been  thought  advisable  to  provide 
faces  of  these  two  pieces  are  corrugated,  so  that  by 
loosening  the  clamping  bolt,  the  contacts  may  be 
shifted  forward  or  back  in  order  to  adjust  for  wear 
or  variations  in  manufacture.  If  one  of  the  cam 
units  is  replaced  it  is  very  easy  to  adjust  the  contact 
so  that  the  proper  rolling  action  is  obtained.  In  the 
larger  corttrollers  the  contactors  are  mounted  on  steel 
bars  insulated  with  micarta.  The  smaller  controllers 
have  the  contactor  units  mounted  on  micarta  platei. 

The  magnetic  contactor  controllers  are  illustrated 
in    Figs.   4   and    5.     One   of   these   has   cast    iron,    the 


FIG.  4 — MAGNETIC  CONT.\CTOR  CONTROL  I'.VNEL 

Using  cast  iron  contactors. 

Other  pressed   steel   contactors;    the   latter   has   a   new 
form  of  accelerating  relay*. 

When  the  controller  is  in  the  off  position,  con- 
tact 6  (Fig.  7)  is  closed,  providing  a  dynamic  brake 
path  through  the  series  field  and  a  small  section  of 
resistance.  This  low  resistance  gives  a  suitable  brak- 
ing torque  for  stopping  from  slow  speed.  If  the 
operator  should  be  lowering  a  heavy  load  at  full 
speed  and  move  from  full  speed  quickly  to  the  oft' 
position,  he  would  get  an  abnormally  heavy  dynamic 
braking  current  and  torque  which  might  seriously 
strain  his  mechanical  structure  and  at  the  same  time 
throw  an  abnormal  load  on  the  electrical  equipment. 
When,  a  magnetic  contactor  controller  is  used,  auto- 
matic deceleration  is  obtained  with  the  same  relays 
that  provide  acceleration  if  the  controller  is  on  one 
of  the  running  notches.     Ordinarily  this  is  sufficient. 


FIG.   5 — M.\GNETIC   CONTACTOR  CONTROL   PANEL 

Using  pressed  steel  contactors  and  multiple  linger  relays. 

automatic  deceleration  when  the  controller  is  thrown 
to  the  off  position  from  full  speed  with  a  heavy  load. 
Several  methods  for  accomplishing  this  have  been 
proposed.  One  method  is  to  provide  relays  connected 
;icross    the    motor    armature    which    are    held    in    bv 


♦Described  in  the  Journal  for  Feb.,  1020,  p.  51. 


FIG.   6— six-point   MASTER  SWITCH 


This  switch  is  o£  the  drum  type  with  a  lever  handle.     It 
can  be  used  with  the  controllers  shown  in  Figs.  4  and  5. 

counter  e.iii.f.  Relays  of  this  kind  are  adjusted  to 
drop  out  at  the  proper  voltage  but  dirt  and  moislijre 
may  change  the  setting. 

Another  scheme  provides  a  tvi'o-pole,  protective 
relay  which  is  closed  when  the  motor  is  operating  at 
one   of   the   higher   .'speeds.     This   relay   maintains   the 
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magnet  circuits  to  contactors  2,  4  and  5  so  that  these 
contactors  remain  closed  and  contactor  6  is  kept  open 
until  the  last  resistance  switch  has  been  closed.  If 
the  controller  handle  is  thrown  suddenly  from  full 
speed  to  the  off  position,  the  resistance  contactors 
close  automatically  in  the  same  way  as  for  accelera- 
tion, the  current  limit  relays  maintaining  the  dynamic 
brake  current  at  its  proper  value.  When  the  last  con- 
tactor closes,  it  opens  an  interlock  which  opens  the 
protective  relay  and  allows  the  motor  to  be  di.^con- 
nected  from  the  line  and  closes  switch  6. 

Devices  of  this  kind  will  guard  against  abuse  to 
the  controller  but  add  some  complication.     They  also 
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FIG.    7 — DI.\CR.\M    OF    CONNECTIONS    FOR    HOIST   CONTROLLER 

prevent  the  operator  obtaining  the  emergency  stop  in 
case  of  accident.  It  is,  therefore,  a  question  whether 
it  is  better  to  permit  the  operator  to  obtain  emergency 
dynamic  braking  at  will,  relying  on  his  judgment  not 
to  use  it  unnecessarily,  or  to  add  the  complication  of 
ri  protective  relay. 

Manual  controllers  require  the  use  of  a  crane 
protective  panel  for  automatically  disconnecting  the 
m.otors  from  the  line  in  case  of  overload.  A  panel  of 
this  kind  is  illustrated  in  Fig.  8.  Two  magnet  con- 
tactors are  provided  which  are  actuated  by  a  number 
of    overload    relavs.     There    is    one    relav    for    each 


n:otor  circuit  and  one  relay  in  the  common  return  cir- 
cuit. If  any  one  of  the  relays  operates  due  to  over- 
load, it  will  open  the  magnetic  contactors  and  cut  the 
power  off  the  crane.  The  magnetic  contactors  may 
be  closed  by  pressing  a  reset  button  or  the  manual 
controller  may   be  provided   with   means   for  resetting 


FIG.   S — CRANE  PROTECTIVE   P.\NF.L 

the  contactors  by  moving  the  controller  to  the  off  posi- 
tion. Sometimes  an  emergency  switch  or  button  is 
provided  for  opening  these  contactors  in  case  of  acci- 
dent. 

The  protective  panel  is  usually  provided  with  a 
knife  switch  arranged  for  locking  in  the  open  position, 
also  with  a  lamp  receptacle  connected  to  the  line  ."^ide 
of  the  knife  switch,  so  that  the  repair  man  can  attach 
h  lamp  cin'i   '"  •■"■vide  light  when  making  repairs  or 


inspecting  the  etiuipmenl.  The  overload  and  low  volt- 
age protective  features  provided  by  such  a  panel  may 
l;e  incorporated  in  the  controller  when  it  is  of  the 
magnetic  type.  Whether  such  a  panel  is  used 
with  magnetic  contactor  control  depends  upon  local 
conditions  and  on  personal  preference.  Such  a  panel, 
however,  must  always  be  used  with  manual  controllers. 
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A  limit  switch  should  be  Included  in  every  crane 
equipment,  one  switch  for  each  hoist.  These  switches 
are  so  designed  that  the  motor  is  stopped  when  the 
hook  reaches  a  predetermined  position  in  its  upper 
travel.  Limit  switches  are  built  in  a  number  of  differ- 
ent forms  and  types.  They  may  either  switch  the 
motor  direct  or  they  may  be  in  the  form  of  a  master 
switch  which  actuates  contactors  on  a  control  panel  or 
protective  panel.  The  switch  may  be  reset  by  revers- 
ing the  controller,  or  it  may  require  to  be  manually 
reset. 

Fig.  9  illustrates  a  form  of  switch  used  to  switch 
the  main  circuit  of  the  motor.  This  is  a  two-pole, 
double-throw  switch,  the  connections  being  illustrated 
in  Fig.  7.  The  switch  is  located  on  the  trolley,  to- 
gether with  the  dynamic  brake  resistance.  When  the 
hook  reaches  the  upper  limit  of  travel  it  lifts  a  weight 
which  gradually  moves  the  switch  arm  toward  the 
safety  position.     After  this  arm  has  been   moved   far 


The  switch  described  is  automatically  reset  on  re- 
versing of  the  motor.  Some  designs  of  limit  switch 
must  be  reset  by  hand.  This  means  that  the  operator 
must  leave  the  cab  and  climb  up  onto  the  bridge  in 
order  to  reach  the  switch  which  is  mounted  on  the 
trolley.  It  is  pointed  out  that  the  inconvenience 
caused  the  operator  is  desirable,  as  it  prevents  him 
from  running  into  the  upper  limits  of  travel  and 
makes  him  more  careful  in  manipulating  his  crane. 
On  the  other  hand,  the  resetting  of  this  switch  causes 
the  operator  to  expose  himself  to  injury,  and  it  is  a 
(juestion  whether  he  should  be  subjected  to  this  addi- 
tional personal  hazard.  Devices  can  be  used  to  in- 
dicate the  number  of  times  the  limit  switch  has  been 
operated  and  means  taken  to  penalize  the  operator  if  it 
ir  thought  necessary  to  do  so. 

The  illustrations  of  the  protective  panel  and  the 
limit  switch  show  that  the  contacts  are  the  same  as 
those  used  for  the  controller.  The  protective  panel  also 
has   arc    shields   which    are   interchangeable    with   the 


FIG.    10 — S.MAI.I.   iM.ACNKT   IIRAKE   MOUNTED  ON  THE  END   FRAME 
OF  A   CRANE   MOTOR 

enough,  it  trips  a  catch  inside  of  the  switch,  which 
causes  one  pair  of  contacts  to  open  and  the  other  to 
close.  This  disconnects  the  motor  from  the  power 
supply  and  short-circuits  the  armature  through  a  scries 
field  and  an  external  resistance,  which  gives  a  quick 
stop  by  dynamic  braking.  By  reversing  the  con- 
troller, the  motor  will  operate  the  hook  in  the  down- 
ward direction  at  a  slow  speed.  This  allows  the 
weight  to  follow  and  restores  the  limit  switch  to  its 
normal  position  by  tripping  a  catch  and  moving  the 
switch  quickly  to  the  normal  position. 

When  a  switch  of  this  type  is  used  the  circuit  is 
opened  at  the  motor  and  an  emergency  circuit  estab- 
lished without  the  use  of  a  pilot  or  auxiliary  control 
circuit.  If  the  limit  switch  is  of  the  master  switch 
type,  at  least  one  extra  trolley  will  be  required  for  a 
control  wire  and  the  emergency  brake  circuit  would 
be  fed  through  several  trolleys,  which  introduces  an 
additional  hazard. 


FIG.    II — LARGE  BRAKE   MOUNTED  SEl'AKATIXY   KRo.M    THE  .MOTOR 

controller.     By  making  these  items  the  same,  the  list 
of  spare  parts  is  reduced  to  a  minimum. 

All  hoist  motors  on  cranes  are  ecjuipped  Vwith 
magnet  brakes.  These  are  usually  shoe  brakes  re- 
leased by  a  magnet  and  applied  by  a  spring.  The 
magnets  are  usually  series  wound  and  are  designed  to 
release  the  brake  at  not  over  40  percent  of  the  nited 
current  of  the  motor  and  to  maintain  the  brake  in  the 
release  position  down  to  at  least  ten  percent  of  the 
rated  current  of  the  motor.  The  coil  should  be  con- 
nected in  the  circuit  in  such  a  way  that  no  current  will 
flow  through  it  when  the  controller  is  in  the  off  posi- 
tion. A  few  applications,  such  as  ore  bridges  have  a 
wider  range  of  current  than  is  usual  with  ordinary 
cranes  and  it  is,  therefore,  necessary  to  wind  the 
brakes  with  a  shunt  coil.  In  order  to  make  brakes 
quick  acting,  the  shunt  coil  has  relatively  few  turns 
and  is  connected  in  series  with  a  resistance.  Some- 
times an  additional  resistance  is  shunted  across  the  coil 
to  take  up  the  discharge.  Large  brakes  actuated  with 
coils  arranged  in  this  manner  are  quick  in  operation, 
and  are  proving  verj'  satisfactorj'. 
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Smaller  motors  may  be  provided  with  brakes 
mounted  on  the  motor  frame,  as  shown  in  Fig.  10. 
Larger  motors  have  the  brakes  separately  mounted. 
Fig.  II.  Both  arrangements  have  their  advantages 
and  disadvantages.  Ordinarily  the  small  motor  is 
easy  to  handle,  as  the  entire  motor,  including  the 
brake,  can  be  taken  off  the  crane  and  another  one  sub- 
stituted when  repairs  are  required.  Larger  motors 
are  more  difficult  to  handle  and  there  is  an  advantage 
in  having  the  brake  mounted  separately. 


The  brakes  illustrated  are  provided  with  the 
clapper  type  of  magnet.  Older  forms  of  brake  had  a 
magnet  of  the  coil  and  plunger  type,  as  this  design 
theoretically  is  more  economical,  where  a  considerable 
travel  is  required.  The  objection  to  the  coil  and 
plunger  is  that  an  accumulation  of  dirt  around  the 
plunger  may  interfere  with  its  operation ;  also  the 
tendency  of  the  plunger  to  pull  sideways  and  cause  ab- 
normal wear.  When  properly  designed,  the  clapper 
magnets  have  proved  economical  and  they  do  not  get 
out  of  order  or  clog  up  with  dirt. 


Pamlld  O^si^atlmi  ©f  'Has 
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ALTERNATING-CURRENT  generators  driven 
by  gas  engines  are  liable  to  cyclic  fluctuations 
in  load  when  operating  in  parallel.  There  are 
circulating  or  cross  currents  between  the  generators 
which  may,  under  certain  conditions,  be  of  such  mag- 
nitude as  to  cause  excessive  heating  or  excessive 
stresses  in  the  windings.  When  the  engines  are  sup- 
plied with  gas  of  a  varying  quality,  such  as  blast  fur- 
nace gases,  the  large  circulating  currents  may  be  of 
such  frequent  occurrence  that  the  generator  windings 
are  subjected  to  a  gradual  weakening  process  which 
shortens  the  life  of  the  machine.  These  facts  were 
brought  out  in  tests  made  in  a  steel  plant  with  gas- 
engine  driven  generators  operating  in  parallel,  and  in 
this  article  a  few  of  the  principal  tests  will  be  de- 
scribed and  the  results  presented. 

The  plant  at  the  time  the  tests  were  made  con- 
tained five  generators,  one  of  them  being  of  1000  kw 
capacity  and  the  other  four  of  2000  kw  capacity.  The 
1000  kw  unit,  designated  as  No.  i,  is  a  2300  volt 
generator  which  is  used  principally  for  feeding  a  few 
motors  and  some  lighting  load.  The  2300  volt  bus, 
to  which  it  is  connected,  is  tied  in  by  means  of  a  500 
kv-a.  transformer  with  the  6600  volt  bus  in  the  station. 
The  four  2000  kw,  2350  kv-a.,  36-pole  units  operate 
at  6600  volts,  25  cj'cles  and  are  connected  directly  to 
the  6600  volt  bus.  The  engines  are  driven  from  fur- 
nace gas  and  frequently  are  subject  to  premature  fir- 
ing on  account  of  the  variation  in  gas  conditions.  Par- 
ticularly at  times  following  a  slip  in  one  of  the  fur- 
naces, the  percentage  of  hydrogen  in  the  gas  is  liigh 
and  this  tends  to  cause  premature  firing. 

It  was  observed,  during  normal  operation  of  the 
generators  at  a  time  when  there  was  no  premature  fir- 
ing, that  the  ammeter  and  watt-meter  pointers  swing 
violently,  due  to  fluctuations  in  engine  speed  during 
the  revolution.  If  the  engines  driving  the  generators 
i:-"  parallel  have  their  crank  shafts  in  the  same  relative 
positions,  the  swinging  is  more  violent  on  the  feeder 
meters    than    on    the    generator    meters.     This    is    be- 


cause there  are  cyclic  variations  in  voltage  and  fre- 
quency, causing  heavy  swings  of  current  when  feeding 
induction  motors  and  synchronous  apparatus,  which 
tend  to  run  at  a  constant  speed.  When,  however,  the 
engine  shafts  are  in  different  relative  positions,  these 
cyclic  variations  of  voltage  and  frequency  are 
smoothed  out  at  the  bus-bars,  reducing  the  swinging 
of  the  feeder  meters  considerably.  In  this  case 
heavy,  cyclic,  cross  currents  are  produced  between  the 
generators,  causing  the  generator  meters  to  swing. 
This  condition  is  accentuated  when  there  is  premature 
firing  on  one  or  more  of  the  engines. 

In  order  to  determine  the  actual  magnitude  of  the 
cross  currents,  and  the  displacement  between  the 
rotors  of  the  generators,  oscillograph  records  were 
made.  Three  generators.  No.  2,  No.  3  and  No.  5, 
were  operated  in  parallel  during  the  tests,  and 
were  connected  to  the  6600  volt  bus,  carrying 
the  normal  mill  load.  For  some  of  the  oscillo- 
grams, the  cranks  of  the  three  engines  '  were  in 
the  same  relative  position,  or  "symmetrical".  For 
other  tests  the  cranks  were  relatively  displaced,  or 
"distributed",  so  that  the  explosions  did  not  occur 
simultaneously  in  the  three  engines.  Premature  fir- 
ing was  caused  by  advancing  the  spark  on  one  cylinder 
of  engine  No.  3.  Oscillograph  records  were  taken 
both  with  and  without  premature  firing  occurring. 

The  measurement  of  angular  displacement  be- 
tween the  rotors  of  the  generators  was  made  by  the 
use  of  contacting  devices  on  the  generator  shafts. 
Around  each  generator  shaft  was  placed  a  paper  belt 
having  thirty-six  holes  equally  spaced.  This  gave  a 
10  degree  spacing  mechanically  or  a  180  degree  spac- 
ing electrically  between  the  holes.  A  metal  contact 
strip  bore  on  the  paper  belt  and  made  contact  on  the 
shaft  as  each  hole  passed.  This  contact  was  con- 
nected in  circuit  with  the  oscillograph  and  the  battery, 
so  that  as  each  hole  passed  under  the  contact  a  de- 
flection of  the  oscillograph  occurred.  The  records  of 
the  three  generators  were  taken  simultaneously  and  a 
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comparison  of  the  angular  positions  is  then  easily 
made  from  the  oscillograms,  two  of  which  are  repro- 
duced in  Figs.  I  and  2.  The  breaks  in  the  three  lines 
on  the  oscillograms  show  the  instant  of  the  making  of 
the  contacts  through  the  holes  in  paper.  The  oscillo- 
grams were  subseciuenlly  marked  by  placing  dots  on 
the   line   for   No.   2  and   No.   5   generators,   these  dots 


graph,  records  being  taken  on  one  phase  of  each  of 
the  three  generators.  The  rated  full-load  current  of 
the  machines  has  a  peak  value  of  290  amperes,  and  a 
comparison  of  this  value  with  the  actual  currents 
measured  shows  the  severe  conditions  under  which  the 
generators  o])erate.  The  results  of  these  tests  are  con- 
tained in  Table  II. 


Fic.s.    1    .\Mi  2 -os^•iU.o^,RA^fs   showing  ihspi.ack.mext  of 

GENERATOR  FIELDS 

corresponding  to  the  breaks  in  the  line  for  No  3 
generator.  If  there  were  no  swinging  or  angular  dis- 
})lacement  between  the  generators,  the  position  of  the 
dots  with  respect  to  the  breaks  in  the  lines  for  No.  2 
and  No.  5  generator  would  be  uniform.  The  varia- 
tion of  the  position  of  the  dots  thus  gives  a  measure 
of  the  angular  displacement  and  can  be  measured  in 
degrees  by  considering  the  distance  between  the  breaks 
in  the  line  as  180  electrical  degrees. 

An  analysis  of  the  records  shows  that  identical 
conditions  do  not  obtain  in  successive  tests  with  pre- 
mature firing,  and  it  is  possible  that  the  worst  condi- 

TABLE  I— RANGE  OF  ANGULAR  DISPLACEMENT 


FIGS.  3   AND  4 — OSCILLOGRAMS  OF  GENERATOR  CURRENT 

Showing  fluctuations  in  current  produced  by  the  irregular  speed. 

The  films  which  are  reproduced  in  Figs,  i,  2,  3 
and  4,  are  those  taken  for  tests  /,  6,  11  and  IJ,  and 
are  typical  of  the  films  taken  during  the  tests.  Figs. 
3  and  4  show  very  clearly  the  swinging  effect  obtained 
in  the  generator  current  on  account  of  the  non-uni- 
formity of  speed  of  the  generator  revolution. 

In  addition  to  the  oscillograph  measurements, 
v'sual  observations  were  made  by  looking  through  the 
revolving  rotors  of  generators  5  and  2,  so  as  to  obtain 
;■  stroboscopic  effect  and  see  the  angular  displace- 
ment between  the  field  poles.     The  results  obtaintd  in 

TABLE  II— MAXIMUM  AMPERES— PEAK  VALUE 


Generators  3-2 

Generators  3-5 

Test 

Gondition 

Electrical  Degrees 

Electrical  Degrees 

I 

I 

20 

30 

2 

I 

45 

80 

3 

2 

70 

80 

4 

2 

80 

110 

3 

3 

45 

70 

6 

4 

160 

120 

7 

4 

30 

Cx> 

8 

4 

30 

45 

9 

4 

45 

30 

10 

4 

70 

50 

Test 

Condition 

Generator  3 

Generator  2 

Generator  5 

II 

I 

450 

250 

300 

12 

2 

1200 

500 

850 

13 

2 

1 100 

80Q 

900 

14 

2 

1400 

1000 

800 

IS 

2 

900 

600 

600 

16 

3 

450 

450 

400 

17 

4 

I  ISO 

600 

600 

18 

4 

500 

500 

450 

tion  obtainable  was  not  reached  at  any  time  during  the 
test.  The  records  are  given  in  Table  I,  with  the  con- 
ditions under  which  they  were  taken  indicated  as  fol- 
lows : — 

Condition  i — Normal  load  on  the  generators,  engine 
pistons  distributed. 

Condition  2 — Normal  load  on  the  generators,  pistons 
distributed,  No.  3  generator  firing  prematurely  on  one 
cylinder. 

Condition  3 — Normal  load  on  the  generators,  pistons 
symmetrical. 

Condition  4 — Normal  load  on  the  generators,  pistons 
symmetrical.  No.  3  engine  firing  prematurely  on  one 
cylinder. 

Under  the    satne    conditions,    the    currents    in    the 

generator  leads  were  recorded  by  means  of  the  oscillo- 


this  manner,  while  not  highly  accurate,  checked 
closely  with  the  angular  displacement  as  recorded  on 
the  oscillograms. 

The  mechanical  displacement  of  the  rotating 
fields  of  the  generators,  as  indicated  by  Figs,  i  and  2, 
does  not  exactly  correspond  to  the  magnetic  displace- 
ment between  the  fields,  because  of  a  certain  amount 
of  shifting  of  the  magnetic  center  of  the  poles  away 
from  the  mechanical  center  when  the  generators  are 
carrying  load.  The  fact  that  there  is  a  large  magnetic 
displacement,  comparable  in  amount  with  that  mea- 
sured by  the  mechanical  means,  is  established,  how- 
ever, by  oscillograms  of  the  cross  currents,  as  illus- 
trated in  Figs.  3  and  4. 


M^ithod^  of  Co:ii\prtlBg  Macimiory  [•'omidadoiM 


W.  H.  GiLLELAND  and  A.  H.  Cunningham 

Works  Department, 

W'estinghousc  Electric  &  Mfg.  Company 


THE  TERM  FOLINDATION  generally  applies  to 
that  portion  of  a  structure  which  serves  as  a 
support  or  a  base  on  which  to  erect  a  superstj  uc- 
ture.  The  word  also  applies  to  any  built  up  structure 
supporting  a  downward  or  side  pressure,  regardless  of 
shape  or  size,  designed  to  carry  a  given  load  over  a 
given  area  of  soil,  sand,  muck,  rock  or  substance  of  this 
nature. 

The  general  purpose  of  constructing  a  foundation 
is  to  form  a  sufficient  and  solid  base  for  the  load  to  be 
supported,  so  that  no  movement  will  take  place  after 
its  erection.  Since  it  has  been  found  that  almost  all  of 
our  soils  will  compress  under  heavy  loads,  it  is  natural 
to  expect  most  foundations  to  settle  to  some  extent,  re- 
gardless of  the  materials  used.  The  main  object  of  the 
engineer,  then,  should  be  to  limit  this  settlement  nnd 
guard  against  uneveness  of  settlement. 

BEARING  VALUE  OF  SOILS 

Before  the  bearing  value  of  any  soil  can  be  deter- 
mined, and  before  any  important  foundation  structure 
i?  erected,  the  engineer  should  make  a  thorough  test  of 
the  soil,  either  by  drilling  or  digging  test  holes.  Even 
with  this  precaution  it  may  be  possible  to  get  an  un(;ven 
settlement,  as  many  soils  vary  in  a  comparatively  small 
area,  the  strata  seams  being  irregular  in  their  elevations. 
Water  is  one  of  the  most  treacherous  elements  en- 
countered in  foundation  work,  and  the  bearing  values 
cf  almost  all  soils,  especially  clay  soils,  are  reduced  very 
materially  by  moisture.  When  a  condition  of  this  kind 
develops,  some  method  of  draining  the  water  away 
from  the  site  of  the  foundation  must  be  provided  be- 
fore the  foundation  is  put  in. 

TESTING  NATURE  OF  SOILS 

For  foundations  for  ordinary  loads,  the  soil  may  be 
tested  by  a  four  inch  auger  and  the  borings  examined 
£«  the  soil  is  penetrated.  This  is  a  practical  and  cheap 
iriethod  of  testing,  both  for  condition  of  soils  and  mois- 
ture. Very  often  excavation  is  begun  and  continued 
until  the  engineer  in  charge  is  satisfied  the  soil  will 
carry  the  necessary  load.  Where  excavation  is  not 
iiecessar}',  tests  may  be  made  by  loading  one  foot  square 
pedestals  up  to  the  bearing  capacity  required.  This 
type  of  testing  should  be  done  at  several  places  to  see 
if  the  soil  is  uniform.  In  making  a  test  of  this  kind  a 
permanent  bench  inark  should  be  determined  before  the 
load  is  applied  and  accurate  levels  taken  with  an  engi- 
neer's level  as  the  load  is  increased,  until  the  settlement 
reaches  the  maximum  set. 

The  working  load  is  generally  taken  at  one-fifth  of 
the  load  necessary  to  produce  the  maximum  settleir.cnt, 
giving  a  safety  factor  of  five,  but  where  slight  seltle- 


n:ent  will  not  be  iiijuri( 
duced  to  three. 


the  safety  factor  may  be  re- 


The 


SAFE   BEARING  POWER  OF  SOILS 

lues   for  the  bearing  power  of  soils,  given 


in  Table  I,  were  prepared  by  Prof.  Baker  of  the  Uni- 
versity of  Illinois  and  have  been  generally  adopted. 

When  foundations  are  built  directly  on  solid  rock, 
the  surface  should  be  cleaned  of  all  loose  rock  or  dirt 
?nd  brought  to  a  level  surface  perpendicular  to  the  di- 
rection of  pressure  and  a  layer  of.  rich  cement  motar 
placed  directly  on  the  cleaned  rock,  which  will  make  a 
good  bond  between  the  rock  and  the  foundation. 
Where  sand  or  dry  clay  is  encountered,  the'  foundation 
need  not  be  carried  any  deeper  than  below  frost  line. 

Where  marshy  and  wet  soils  are  encountered,  it  is 
\ery  difficult  to  spread  the  footer  foundation  sufficiently 
Ic  carry  the  load  and  concrete  or  wood  piles  are  used. 
They  make  a  most  reliable,  though  somewhat  "expensive 

TABLE  I— SAFE  BEARING  POWER  OF  SOILS 


Kinds  of  Materials 

Safe  Bearing  Power 
in  Tons  per  Sq.  Ft. 
Minimum     Maximum 

Rock — hardest  in  thick  layers  in  bed . . 
Rock  equal  to  best  ashlar  masonry.. 
Rock  equal   to  best  brick  masonry... 
Rock  equal  to  poor  brick  masonry.  .  .  . 

Clay  in  thick  beds,  always  dry 

Clay  in  thick  beds,  moderately  dry... 
Clay,   soft    '.    . 

200 

25 
15 
5 
4 

I 
8 
4 
2 
0.5 

30 
20 
10 
6 
4 
2 
ID 

6 

4 

I 

Gravel  and  coarse  sand  well  cemented 
Sand  compact  and  well  cemented.... 

Quick  sand,  alluvial  soils,  etc 

base.  The  safe  carrying  load  of  a  pile  is  very  hard  to 
determine  exactly,  as  many  conditions  are  encountered 
that  weaken  the  pile  in  driving.  Great  care  should  be 
used  in  driving  piles  where  small  penetrations  are  ob- 
tained, as  the  last  blow  may  smash  or  shatter  the  pile. 
The  engineer  in  charge  should  be  able  to  judge  very 
closely  as  to  the  bearing  power  of  the  pile.  Formulas 
for  safe  bearing  powers  of  piles  are  simply  aids  to 
judgment  and  should  not  be  followed  blindly. 

Formulas  for  the  bearing  power  of  piles  determine 
the  safe  bearing  power  from  the  weight  of  the  hammer, 
the  length  of  free  fall  of  the  hammer  and  the  penetra- 
tion of  the  pile.  The  Engineering  News  formula  for 
the  safe  bearing  power  of  piles  is  accepted  by  manv  as 
reliable. 

^  -   S  +  I 

Where, 

P  =  Safe  load  on  piles  in  tons. 
IV  =  Weight  of  hammer  in  tons. 
h    =  Distance  of  free  fall  of  hammer  in  feet. 
S  =  Penetration  of  pile  for  the  last  blow  in  inches. 
This    formula   gives   a   safety   factor   of   about   6. 
Piles  are   usuallv   driven   in    clusters   about   three   foot 
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ct'riters  and  the  foundation  started  on  a  heavy  concrete 
cap  resting  on  the  heads  of  the  piles  and  bonded  with 
anchor  rods  which  project  above  the  pile  heads.  There 
are  many  patented  designs  of  concrete  piles  on  the 
market,  and  the  type  of  pile  most  suitable  should  be 
determined  by  the  natural  conditions  of  the  locality. 

CHARACTERISTICS   OF    CONCRETE 

Concrete  is  made  up  of  cement,  sand,  gravel  or 
broken  stone  and  water;  and  the  method  of  mixing, 
while  looking  simple,  requires  constant  supervision,  as 
one  bad  mix  may  result  in  wrecking  a  structure.  There 
are  a  number  of  methods  used  in  mixing  concrete. 
Mechanical  mixing  is  much  superior  to  hand  mixing 
v.hich  should  be  used  only  where  the  job  is  not  large 
enough  to  justify  the  expense  of  a  mechanical  mixer. 

There  are  two  kinds  of  cement,  natural  and  artifi- 
cial. Natural  cement  is  made  from  a  cement  rock 
burned  and  finely  ground  and  weighs  from  50  *^o  55 
pounds  per  cubic  foot.  This  cement  sets  more  quickly 
than  artificial  cement.  Artificial  or  portland  cement  is 
made  from  clay  and  finely  pulverized  carbonate  of 
lime,  or  compact  limestone,  burned  to  a  clinker  m  a 


FIG.    I — LO.\DS   AI'I'LIED  TO   A   FOUNDATION 


high  temperature  kiln  and  the  clinker  then  ground  to 
a  fine  powder.  This  cement  is  very  uniform  in  color 
and  weighs  80  to  90  pounds  per  cubic  foot.  There  are 
many  brands  of  cement  on  the  market,  all  of  which  are 
about  equal  in  quality.  As  they  all  have  to  conform  to 
certain  standards  that  have  been  fixed  by  cement  manu- 
facturers, there  is  very  little  risk  in  using  any  well- 
known  brand  of  cement.  There  is  however,  consider- 
able difiference  in  the  time  of  cements  in  setting,  and 
where  it  is  necessary  to  hurry  v/ork  along,  this  feature 
should  be  looked  into.  Portland  cement  is  about  30 
percent  stronger  than  natural  or  rock  cement. 

MIX   OF   CONCRETE 

Concrete  for  most  heavy  foundations  should  be 
proportioned  as  follows:  i  part  cement,  2  parts  sand 
and  5  parts  gravel  or  broken  hard  stone,  with  sufficient 
c'ean  water  to  make  a  mortar  that  will  adhere  to  the 
aggregates.  After  concrete  is  put  in  place  and  puddled, 
water  should  flush  to  the  surface.  Concrete  should  be 
put  in  place  as  soon  after  mixing  as  possible,  as  setting 
I'nder  ordinary  conditions,  begins  within  20  to  30 
minutes  after  water  is  added.  All  aggregates  should 
be    free    from    clay    or    other    foreign   materials,    and 


the  water  should  be  clean  and  about  50  to  80  degrees  F 
in  temperature. 

COMPUTING   FOUNDATION  PRESSURES  OF  PIERS 

In  Fig.  I  let  W  represent  a  load  applied  on  the 
foundations,  d  the  distance  from  center  line,  w  the 
v.'eight  of  the  pier  acting  through  the  center  line  and 


FIG.    2 — I'KESSURF.    DI'E    TO    DIKECT    LO.\D 


"l^nTTmrmr,^ 


r-^^-Luimiiy^ 


FIG.   3 — PRESSUliE  DUE  TO  BENDING   MOMENT 


FIG.   4 — SUM    OF   PRESSURES   DUE   TO   DIRECT    LOAD   AND   BENDING 
MOMENT 

IFr  =  the  resultant  load  acting  at  a  distance  b  from 
the  center  line  of  the  pier. 


•(t+-) 


+ 


IV+w 
Assuming  that  the  base  of  the  pier  is  a  rectangle 
with  a  length  L  and  a  width  of  unity,  the  pressure  on 
the  foundation  will  be  that  due  to  the  direct  load  ll\ 
ynd  a  couple  with  an  arm  b  and  a  moment  =  -|-  W^b. 
The  pressure  due  to  the  load  W^  =  Pj  =  W^  -^  L,  as 
shown   in   Fig.   2.     The   pressure   due   to   the   bending 


•^ 

•?♦ 

^ 

1 

evati 

n  A- 

a"* 

b 

W, 

FIG.  S — A  TYPICAL  T-SHAPED  FOUNDATION 

moment,  M  =  W^b,  will  be  (from  fundamental  flexure 
formulae)  /'.  =  „-.- '  y  =  ±  —jy-  as  in  Fig.  3. 

Where  M  =  moment  of  the  load  about  the  center  of 
gravity,  Y  =  distance  from  the  center  of  gravity  to  the 
edge  and  /  =  moment  of  inertia.  The  pressure  at  A 
will  be,      />„,.,  =  p,  +  p,=  ^  +  ^-^'  and  at  B  will  be,— 

Prnrn.  =  P\  -  P2  =  -^  -     J.,     as  m  Fig.  4. 

Now  if  the  base  of  the  pier  be  a  rectangle  and  the 
eccentricity  b  is  equal  to  L  -e-  d. 
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J\n..    =     -,-  + 


H\       6    'l\ 


2  f/y 

'     L 


Pm,^  = 


=  iioi  Ihs 


L 


o 


If  b  is  greater  than  L  -^  6,  Pnax  will  be  greater 
than  twice  the  average  load  and  Puia  will  be  tension. 
Since  neither  masonry  nor  foundation  can  take  tension, 


__ Section  Y-Y 

FIG.    6 — SECTIOXS    THROUGH    A    FOUXD-\TI0X    FOR    .\    I50O    HP    MOTOR 

this  leads  us  to  the  theory  of  the  "middle  third",   or 
kern,  of  a  rectangular  section. 

"If  the  point  of  application  of  the  load  never  falls  out- 
side the  middle  third  of  the  section,  there  will  he  no  tension 
between  the  masonry  and  foundation  and  the  maximum 
compression  will  never  exceed  twice  the  average  com- 
pression." 

The  criterion,  then,  for  stable  rectangular  piers  is 
that  the  point  of  application  of  all  loads  falls  within  the 

middle  third,  so  that,        Pyux  Z  —j-^ 

For  other  than  rectangular  piers  the  fundamental 

formula,         P  =   "r  t  '^T  '^^'^  ^^  '^^^^' 

but  it  still  must  be  remembered  that  f  Min  must  be  a 

positive  quantity. 

To    illustrate,    the    T-shaped    foundation,   Fig.    5, 

v.'ith  loads  as  shown,  will  be  solved  for  the  maximum 

and  minimum  pressures  on  the  foundation.     The  first 

step  is  to  locate  the  center  of  gravity  of  the  area,  Fj  or 

distance  from  the  back  of  the  T  to  the  center  of  gravity. 

,?((5  X  10)  +S(6  X4)  „^.     ,, 

.    .„^.     ,        -         -•     -.372//. 


FIG.  7 — .'^PPLIC.\TION  OF  LOADS  IN     FIG.    8 — DI.\GR.\M    OF    RESULTANT 
FIG.  6  LOAD  AND   ECCENTRICITY 

Then  /  or  moment  of  inertia  of  the  area,  about 
axis  X-X  =: 


6  X  r 


lo  X  6'- 

— ^^  +  loX6  {^.^2 

I  =  640.55  //.* 
Area  of  foundation  ^  lo  X  6  +  6  X  4  =  84  Jg.  //. 
Wi  =  20000  lbs. 
If;  ^  40000  tbs. 

IF,  =  10  X  6  -f  6  X  4  X  ISO  X  4  =  So  400  lbs. 
Jf'r  =  20  000  +  40000  +  50400  =  110400  lbs.  and  acts  at 
I/O  000X2+20  oooXS+jo  40oX.f.42S) 
4-f^S  = 


-  0.21S  ft. 
Then, 


no  400 


,     no  400  X  0.218  X  4  428 
"H 7~m =  1576  lbs. 


nojcx        no  400  X  0.218  X  S-i 
S4  640.55 

Both  of  which  are  safe  pressures  per  square  foot 
for  ordinary  soils. 

The  pressures  calculated  in  the  preceding  example 
are  the  maximum  and  minimum  pressures  if  the  loads 
are  symmetrical  about  the  Y-Y  axis.  To  illustrate  a 
case  where  they  are  not  symmetrical,  the  following  case, 
■iw  actual  installation,  will  be  solved  for  Pmex  and  Pmu- 
This  installation  consists  of  a  1500  hp,  162  r.p.m.,  con- 
stant speed,  non-reversible  motor,  whose  dimensions  are 
given  in  Figs.  6  and  7. 

WEIGHTS  OF  PARTS 

Frame 43  000 

Rotor 48  joo 

Pedestals   (each  8500)    17  000 

Bed  plate    33  1 00 

Details 3400 

Concrete  at  150  lbs.  per  cu.  ft 262  500 


Total  dead  load   407  500 


FIG.    O — \ALUES   OF   CONST.'iNTS    FOR   RECTANGULAR    PIERS 

The  weight  of  the  bedplate  and  details  may  be  con- 
sidered as  being  equally  distributed  and  may  be  added 
to  the  weight  of  the  pier.  ^^^  pi^jg  33  ^^ 

Details  3400 

Concrete  pier  262  500 


640.5s 


Wt  =  299000 
Wx  =    41  300 

W:   =      24  200 

One-half  weight  of  frame  minus  50  percent  of 

torque  applied  at  mean  radius  of  the  foot  ^  JV,  =     17  375 
One-half  weight  of  frame  plus  50  percent  of 

torque  applied  at  mean  radius  of  the  foot  =  IV,  =    25625 

Total  load  =  IV,  =  407  500 

Taking  moments  about  X-X  and  considering  ll\  as 

producing  minus  moments,  the  center  of  gravity  of  Wr 

is  found  to  be  —  0.57  ft.  from  the  center  line  of  the 

pier. 
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Taking  moments  about  Y-Y  and  considering  W^  as 
producing  minus  moments,  the  center  of  gravity  of  W\ 
v;  found  to  be  —  0.16  ft.  from  the  center  hne  of  the 
pier,  as  shown  in  Fig.  8. 

Now  an  axis  E-E,  Fig.  8,  drawn  through  the  center 
of  the  pier,  perpendicular  to  a  line  drawn  from  the 
point  Wt  to  the  center  will  make  an  angle  with  axis 
X-X  =  <f),  and  the  lever  arm  of  U\  about  E-E  =  0.6  it. 

The  moment  of  inertia*  /  of  the  area  about  E-E  = 
13  327  feef. 

The  distance  Y  from  the  extreme  corner  to  E-E  = 
12.27  ft. 

The  moment  M  oi  IV r  about  E-E  =  244  500  ft.  lbs. 

The  area  A  of  the  base  =  400  sq.  ft. 

Then  the  foundation  pressuies  are, — 
IT,        MY 

A  -    r 

P„3j  =  1244  lbs.  per  sq.   ft.  at  corner  A. 
Fyin  =     784  lbs.  per  sq.   fl.  at  corner  B. 

REINFORCING  OF  CONCRETE 

Generally,  machinery  foundations,  because  of  the 
disposition  of  the  material,  require  very  little  reinforce- 
ment, though  it  is  the  habit  of  designers  not  familiar 
with  concrete  work  to  put  in  a  lot  of  unnecessary  steel 


-jsh-H 


fcL..8.-|-3'.,  ,/2£ 

FIGS.    10  AND   II— SECTIONS  THROUGH   TRAPEZOIDAL   PIT  WALLS    AND 
CORRESPONDING   RECTANGLES 

as  reinforcing.  The  foundation  previously  discussed 
will  now  be  investigated  as  to  its  reinforcement  require- 
ments. It  will  not  be  necessary  to  go  into  great  refine- 
n'.ents  of  mathematics  to  determine  stresses,  and  the 
method  given  below  will  be  found  to  be  sufficient  in 
I^ractically  all  cases. 

Passing  sections   through   the   foundation,   the   pit 
walls  are  found  to  be  roughly  trapezoidal  in  shape,  and 
with  dimensions  as  shown  in  Fig.  10.     The  correspond- 
ing rectangles  are  roughly  approximated  in  Fig.  11. 
Moments  of  Inertia,— 


/.  = 


45  X  72" 


=^  1400000  inches* 


60  X  72' 


=  I  870000  inches' 


Using  160  lb.  per  sq.  in.  for  the  safe  tensile  stress 
cf    plain    concrete    in    flexure,    the    allowable    bending 
moments  for  o  and  b  are, — 
I  400000  X  160 


36  X  12 


-=  520000  //.  lbs. 


*For  methods  of  determining  /  for  various  sections,  refer- 
ence may  be  made  to  Carnegie  Steel  Company  "Pocket  Com- 
panion' or  any  standard  work  on  mechanics. 


b  = 


I  870  000  X  160 
36  X  12 


700000  //.  lbs. 


Mid  the  approximate  actual  bending  moments  are,- 
IFi  X  20       41  300  X  20 


206500  //.  lbs. 


b  = 


W,  X  1254  X  1254 


■=  125600  //.  lbs. 


20  X  2 

Which  shows  that  the  walls  are  safe  as  beams  with- 
out reinforcing. 

The  only  thing  left  is  the  slab  in  the  bottom.     The 
hending  moments  in  slabs  fixed  around  the  perimeter 
are  very  difficult  to  determine,  but  the  formula, — 
;/'  L 

may  be  used  as  an  approximation  where  \V  =  total 
load  and  L  =  one-half  the  sum  of  the  length  and 
breadth  of  the  slab  and  each  equals  the  clear  span  plus 
tvvice  the  thickness  of  the  slab. 

In  this  case  the  length  equals  11  ft.  2  in.  -|-  2 
(i  ft.  10  in.)  ^  14  ft.  10  in.  and  breadth  =  5  ft.  2  in. 
-|-  2  (i  ft.  10  in.)  =  8  ft.  10  in.  and 


^.,V''.  .''"  in. 


=  1/  ft.    10  in.,  say  /ijt. 


Then, — 
W  =  Avc'ra,s:i'  unit  loadXs/at)  area  —  1  nnoY. /i'X  12  =  /^^ 000  lbs. 
U'L        1.14000  X  12 
24     "  24 


.1/  = 


j2  000  fl.  lbs.  =  864,000  inch  lbs. 


FIG.    12 — NUT  LOCKS 

For  a  beam  12  ft.  by  i  ft.  10  in.  deep,  the  moment 


of  inertia  =     /  = 


144  X  22' 


128000  inches' 


and  the  average  unit  flexural  stress  = 

S64000  X  // 

0 =  70  Ins.  per  sq.  in. 

12S  000  '  '        I-      • 

which  is  safe,  but  should  not  exceed  80  lbs.   wiihout 
reinforcement  in  slabs  fixed  around  the  perimeter.* 

To  aid  the  man  in  the  field,  who  seldom  has  lime 
to  analyze  a  foundation  as  thoroughly  as  has  been  done 
in  the  previous  example,  the  diagram,  Fig.  9,  was  de- 
vised. As  the  sum  of  the  moments  due  to  the  frame 
v.eight  and  bearing  loads  equals  approximately  twice 
the  moment  of  the  frame  weight  about  the  center  line, 
the  values  of  A.'  have  been  made  equal  to  twice  their 
true  values.  This  makes  it  possible  to  determine  with 
sufficient  accuracy  the  pressure  due  to  both  the  frame 
and  bearing  loads.  If  greater  accuracy  is  desired, 
halve  the  value  of  K  and  multiply  the  weight  of  the 
frame  by  this  new  value  of  K  and  the  load  on  bearing  A 
in  excess  of  that  on  bearing  B  :n-  one-half  the  value  of 


*Whcrc  reinforcement  is  reqnired  the  reader  is  referred  to 
"Reinforced  Concrete  Beams  and  Floor  Slabs,"  Carnegie  Steel 
Company  Pocket  Companion,  or  standard  works  on  reinforced 
concrete. 
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K  obtained  by  using  b'  for  b  and  adding  the  products. 
This  sum  divided  by  the  area  of  the  base  will  be  the 
pressure  resulting  from  the  moments  of  the  frame  t^nd 
bearing  loads. 

In  all  cases  the  pressure  due  to  the  torque  of  the 
motor  is  equal  to  C  X  HP  divided  by  the  area  of  the 
base,  and  the  maximum  pressure  equals  the  sum  of 
these  two  quotients  plus  the  weight  of  the  machine, 
divided  by  the  area. 

The  data  necessary  to  use  the  diagram  is  usually 
to  be  found  on  the  outline  drawings  of  the  motor. 

To  illustrate,  the  preceding  problem  will  be  solved 
Vv'ith  the  diagram,  using  the  values  of  b,  d,  L  and  X, 
and  the  weights  given.  The  speed  of  the  motor  is  ap- 
proximately 6000  ft.  per  min.  b/L  equals  0.127  and 
entering  the  diagram  at  the  top  with  this  value  i  is 
found  to  intersect  the  value  of  if  :=  1.^2  at  the  line 
marked  "All  Frames".  d/X  equals  0.39  and  proceed- 
ing as  before  the  value  of  C  corresponding  to  a  speed 
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FIG.    13 — THICKNESS    OF    ANCHOR    PL.VTES    FOR    TUNNELED    .VNCHORS 

of  6000  ft.  per  min.  is  found  to  equal  13. 
Then 

145000     ,    1.52X43000+  13  .X  1500  ,,      ,  ,, 

P  = h =  575  Ihs.  per  sq.  ft. 

400  400  -"-'  '  '    ' 

To  this  must  be  added  the  pressure  due  to  the  as- 
sumed pier,  which  in  this  case  equals  656  lbs.  per  sq. 
ft.,  and  the  resultant  maximum  pressure  on  the  founda- 
tion equals  575  -|-  656  ^  1231  lbs.  per  sq.  ft.,  or  one 
percent  less  than  that  obtained  by  calculation,  and  the 
minimum  pressure  equals  807  lbs.  per  sq.  ft.,  or  about 
one  percent  more  than  obtained  by  calculation. 

If  it  is  desired  to  equalize  the  pressures  more 
nearly,  it  is  possible  to  do  so  by  increasing  either  the 
depth  of  the  pier  or  the  area  of  the  base,  though  the 
latter  is  more  economical.  To  illustrate,  we  will  in- 
crease X  to  26  ft.  in  this  problem.  The  pressures  are 
then  1 1 14  and  806  lbs.  per  sq.ft.,  or  a  difference  in  pres- 
sures of  27  percent  against  a  difference  of  34  percent. 
Increasing  the  depth  of  the  foundation  by  adding  the 
same  amount  of  concrete  without  increasing  the  area, 


will  result  in  a  difference  of  pressures  of  29  percent, 
which  shows  that  increasing  the  area  rather  than  the 
depth  is  decidedly  the  more  economical  method  of 
equalizing  the  pressures. 

For  slow-speed,  reversing-type  mill  motors,  the 
maximum  foundation  pressure  should  not  exceed  the 
average  pressure  by  more  than  50  percent  in  any  case, 
and  where  the  maximum  pressure  approaches  the  safe 
bearing  power  of  the  soil  a  difference  of  ten  percent 
should  be  the  maximum  allowed,  as  the  effect  of  the 
reversal  of  pressures  is  to  rock  the  pier,  where  the  soil 
is  compressible. 

ANCHORAGE 

The  usual  method  of  anchorage  is  by  anchor  bolts 
built  into  the  pier.  The  diameter  of  these  bolts  de- 
pends upon  the  load  to  which  they  are  subject  and  the 
anchorage  upon  the  strength  of  the  bolts,  as  the  anchor- 
age of  bolts  should  be  sufficient  to  develop  the  full 
strength  of  the  bolt.  The  depth  to  which  anchor  bolts 
are  embedded  is  governed  usually  by  the  depth  of  the 
concrete,  and  a  method  of  determining  the  required 
anchorage  will  be  given.  The  shearing  strength  of  con- 
crete is  40  lbs.  per  sq.  in.,  the  bonding  strength  for 
plain  bars  is  80  lbs.  per  sq.  in.  and  for  bars  with  hooked 
ends  bent  180  degrees  around  a  radius  of  three  dia- 
meters is  100  lbs.  per  sq.  in. 

A  1 5 8  in.  anchor  bolt  will  be  investigated  to  de- 
termine the  necessary  depth  of  anchorage. 

Working  strength  of  bolt  at  16  000  lbs.  per  sq.  in. 
=   11  000  lbs. 

If  a  plain  round  bar  were  used  the  required  depth 


v;ould  be  "''^',^"'5  '"'"'^"'   =     "°°°- 

Bond  of  concrete  80 


13S  ir 


For 
would  be 


bar   with   hooked    end   the    required   depth 

II  000 

— - —  =  no  ui. 
100 

To  realize  this  depth  of  anchorage  requires  very 
long  and  uneconomical  rods  and  a  plate  anchorage  is 
resorted  to.  This  is  accomplished  by  placing  a  plate 
washer  of  the  proper  size  on  the  lower  end  of  the  rod 
and  embedding  it  in  the  concrete.  Then  the  anchorage 
is  governed  b_\"  the  shearing  strength  of  the  concrete 
rather  than  the  bonding  strength.  No  set  rule  for  the 
thickness  of  anchor  plates  can  be  given,  but  from  5/16 
to  Yz  in.  is  a  good  thickness. 

Let  us  consider  that  in  the  case  of  the  1%  in. 
anchor  bolt  the  maximum  depth  of  concrete  is  20  in. 
As  the  plate  and  nut  should  be  embedded  in  the  con- 
crete to  protect  them  from  the  action  of  the  ground 
water,  the  available  depth  is  about  17  in.  It  is  neces- 
s.-.ry  to  decide  what  size  plate  to  use. 

The  shearing  strength  of  concrete  =  40  lbs.  per  sq.  in. 
The  strength  of  the  bolt  =  11  000  lbs.  per  sq.  in. 

Then  the  necessarv  area  in  shear  = 


=--  280  S(].  in. 


II  000 
40 

Now  the  depth  of  the  anchorage  =  17  in. 
perimeter  of  the  plate  must  equal  280  -^  17  = 
about. 


so  the 
17  in. 
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A  plate  4J/2  in.  square  by  %  in.  thick  will  be  used, 
having  a  perimeter  of  18  in.  and  giving  an  area  of  17 
by  18  in.  =  306  sq.  in.  of  concrete  in  shear. 

It  is  customary  with  some  designers  to  provide  a 
nut  lock  on  anchor  plates.  This  seems  to  be  unneces- 
sarj',  but  two  methods  are  given  in  Fig.  12.  The  first 
consists  of  shearing  and  bending  up  one  corner  of  the 
plate  so  that  it  will  engage  the  nut  face;  the  other  con- 
sists of  an  extra  plate  or  bar  riveted  alongside  the  nul, 
sc  as  to  prevent  turning. 


On  large  reversing  mill  motors,  the  anchor  bolts 
in  certain  positions  are  arranged  so  that  access  may  be 
had  to  the  anchor  plates  by  means  of  tunnels.  Where 
tunnelling  is  resorted  to,  the  problem  of  anchor  plates 
K  a  different  matter  than  where  the  plates  are  com- 
pletely embedded,  and  the  chart  in  Fig.  13  is  recom- 
mended for  determining  the  thickness  of  plates  re- 
quired. In  all  cases  care  should  be  taken  to  have  the 
depth  of  anchorage  sufficient  to  develop  the  strength  of 
the  bolt. 


toJnsirluI  Type  TClrjc^irk  'LocDijUQilvss 

In  Steel  iVCill    Oo;;rai;ions 


H.  H.  JcmxsTox 

General  Engineering  Dept., 

W'estinghousc  Electric  &  Mfg.  Company 


BEGINNING  with  the  mining  of  the  raw  material 
and  the  mining  of  the  coal  as  fuel,  and  endnig 
with  the  various  final  manufactured  products, 
there  are  a  large  number  of  stages  in  the  manufacture 
of  steel  products,  in  all  of  which  use  is  made  of  the  in- 
dustrial electric  locomotive.  A  tabulation  of  the  more 
important  uses  illustrates  the  wide  range  of  applica- 
tion : — 

I— At  Ihc  Ore  Mines:— 

a — Hauling  ore  from  mine  to  points  of  storage  or  ship- 
ping. 
b — .A.t  ore  bins  and  ore  bridges  in  the  spotting  of  cars 
to  receive  the  ore  for  shipment  by  rail,  where  ship- 
ment is  made  direct  from  mines. 
.? — From  Points  of  Storage : — 

a — Spotting  of  ore  cars  under  ore  bridges. 
b — Making  up  ore  trains  for  .shipping  to  mills. 

3 — Receiving  of  Ore  at  Mills : — 

a — Hauling  ore  from  ore  bridges  and  storage  to   fur- 
naces. 
4 — Intermediate  Operations  at  Steel  Mills: — 

a — Handling  of  charging  boxes  on  furnace  charging 
floors. 

b — Hauling  of  ingots  from  pouring  floor  to  strippers. 

c^Hauling  of  plates  from  heating  furnaces  to  shears. 

d — General  utility  work  in  handling  of  fuel  and  flu.xing 
material  from  storage  bins  to  the  scales  and  charg- 
ing floors,  also  in  handling  of  slag  from  the  furnace. 
5 — At  the  Coal  Mines: — 

a — Coal  gathered  at  mine  rooms. 

b — Coal  hauled  from  rooms  to  shaft  or  slope. 
6— At  the  Coking  Plants: — 

a — Charging  of  bee  hive  ovens. 

b — Hauling  of  coal  from  coal  bridges  to  by-product 
coke  ovens. 

c — Hauling  of  hot  coke  from  coke  ovens  to  quenching 
tower  and  from  there  to  screening  stations. 

d — Making  up  and  hauling  coke  cars  from  screening 
and  loading  stations  to  classification  yards  and 
points  of  shipment  to  mills. 

.\l  the  iron  ore  mines,  the  ore  must  be  gatheied  in 

tiie  ore  cars  and  hauled  either  direct  to  the  mills  or  to  a 

point  intermediate  in  the  shipment  to  these  mills.     In 

either  case  the  ore  is  handled  from  the  mines  to  the 

yards  where  the  ore  cars  are  classified.     This  is  beinj- 

done  more  and  irtore  by  the  industrial  type  of  elecl-.ic 

locomotive,  the  ease  and  flexibilil}  in  operation  arid  the 

quicker  and   more  efficient   means   of   operating  bfin.g 

dctermininsr  factors. 


At  the  ore  bins,  either  at  the  mines  or  intermediate 
storage  points  in  the  transportation  of  the  ore  from  the 
mines  to  the  mills,  the  ore  must  be  loaded  onto  the  ore 
cars.  This  requires  accurate  and  quick  spotting  of  the 
cars  to  receive  the  ore.  When  the  ore  is  received  at 
the  mills  it  is  again  stored  and  similar  loading  of  the 
ore  cars  is  necessary  in  preparing  shipment  in  the  final 
stage  of  transportation. 

POLING  LOCOMOTIVES 

Poling  locomotives  for  ore  docks,  loading  stations 
and  classification  yards  in  the  steel  plants  represent  a 
class  of  locomotive  which  has  come  into  common  use 
within  the  past  few  years.  The  poling  arms  are  located 
a'  each  side  of  the  locomotive.  When  lowered  to  the 
operating  position  they  extend  to  the  side  and  are  of 
such  a  length  as  to  reach  standard  ore  or  freight  cars 
on  tracks  adjacent  to  the  one  on  which  the  poling  loco- 
motive is  operating.  These  poling  arms  are  operated 
by  air  pressure  controlled  from  the  cab  of  the  locomo- 
tive. They  are  of  such  a  design  as  to  engage  the 
bumper  of  the  car  or  cars  being  pushed  and  the  load 
will  be  transmitted  to  the  poling  locomotive  side  frames 
through  heavy  springs  located  horizontally  on  both  s-ides 
and  at  the  base  of  the  poling  arm.  Such  a  type  of  loco- 
motive peimits  accurate  and  quick  spotting  of  a  car 
or  a  train  of  cars  successively  under  a  hopper,  shovfl  or 
leading  chute.  Spotting  of  cars  by  this  means  is  more 
accurate  than  when  attempting  spotting  by  a  locomotive 
at  the  end  of  and  on  the  same  track  as  the  cars,  since 
the  poling  locomotive  is  operated  on  an  adjacent  track, 
and  the  motornian  from  his  operating  position  can 
view  the  hoppers  and  material  being  loaded  into  the 
cars. 

Current  is  collected  by  means  of  a  shoe  coming  in 
contact  with  a  protected  third  rail,  located  midway  be- 
tween the  two  traction  rails.  Electropneumatically 
operated  unit  switch  control  equipment  is  used  in  the 
locomotives  shown  in  Fig.  i.  ."^erics-parallel  control, 
obtained  by  the  operations  of  i  master  controller  .^nd 
responding  operations  of  the  electropneumatic  switches, 
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gu'es  the  wide  range  of  speed  control  desired  in  this 
class  of  service. 

Inherent  features  of  the  electric  type  of  locomo- 
tives are : — no  interference  in  spotting  from  smoke  and 
steam  obstructing  the  view;  operators  at  the  hoppers 
and  loading  chute  work  under  better  conditions,  due  to 
the  absence  of  smoke,  steam  and  gases. 

HOPPER   CARS 

In  the  handling  of  the  ore  from  the  ore  bridges 
or  points  of  storage  a  type  of  cai  similar  to  that  shown 


KIG.    I — I'USH-POLE  LOCOMOTIVE  IN   USE  AT  ORE  DOCK 

Showing  poling  arms  extended  and  pushing  a  train  of  cars  on 
an  adjacent  track. 

in  Fig.  2  is  used.  This  is  a  large  hopper  car,  which  is 
motor  driven  and  controlled  froin  the  cab  at  one  end 
of  the  car.  The  car  is  of  such  1  construction  that  upon 
opening  the  pneumatically  operated  doors  at  one  side, 
the  ore  will  be  discharged  by  gravity  from  the  car. 
1  hese  doors  are  also  controlled  by  the  operator  in  the 
cab.  Cars  of  this  type  are  in  service  with  quadruple 
75  hp,  250  volt  motors  and  electropneumatically  oper- 
ated control  for  accelerating  and  for  giving  electric 
b'aking  in  addition  to  the  air  brake  equipment.  In  a 
number  of  installations,  current  is  collected  from  a 
metallic  return  system  of  power  rails  located  at  one 
side  of  the  track,  and  in  nthcr  installations  current  is 


FIG.   2 — MOTOR   DRIVEN    HOI'I'ER   CAit 

l-Or  handling  ore  and  coal   from  car  dumpers  and  ore  bridges 
to  storage  liins,  furnaces,  etc. 

collected  from  an  overhead  trolley  or  overhead  power 
rails. 

CIIAECIXG  FLOOR  LOCOMOTIVES 

Locomotives  of  the  type  shovrn  in  Fig.  3  are  used 
on  charging  floors  of  open  hearth   furnaces.     The  de- 


sign does  not  differ  greatly  from  other  types  of  indus- 
trial electric  locomotives.  As  a  rule  the  length  of  haul 
is  comparatively  short.  While  the  charging  boxes  are 
being  lifted  from  the  charging  cars,  constituting  the 
load  being  handled  by  the  locomotive,  the  locomotive 
stands  idle  except  for  times  of  spotting  the  charging 
box  cars  opposite  the  furnace  doors.  The  electric  loco- 
motive in  this  service,  as  in  other  service,  has  no 
standby  losses  during  these  idle  periods.  A  very  impor- 
tant feature  in  the  way  of  bettering  conditions  and 
thereby  increasing  the  efficiency  of  work  carried  on 
about  the  plant,  is  the  absence  of  smoke,  steam,  gases 
and  noise  which,  with  steam  locomotives,  are  all  pres- 
ent. The  electric  locomotive  is  controlled  with  con- 
slderabl}^  greater  accuracy  and  safety  and  considering 
that  the  charging  floors  are  usually  from  15  to  25  feet 
above  the  ground  floor  and  the  locomotive  runs  close 
t''.  the  end  of  this  platform,  this  accuracy  of  control  is 


' 
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KIG.    3 — TYI'E   OF   LOCOMOTIVE    L  sLL.   u;,    CHARGING   FLOORS 

And  in  hauling  ingot  cars,  ladle  cars  and  slag  cars, 
of    considerable    importance    from    the    standpoint    of 
safety. 

The  control  equipment  on  locomotives  of  this  type 
has  been  either  of  the  hand  operated  drum  type,  or  the 
electropneumatically  operated  type  operated  from  a 
master  controller  in  the  cab  of  the  locomotive.  In  the 
locomotive  illustrated,  air  brake  equipment  in  addition 
to  the  hand  brake  equipment  is  employed.  In  the 
majority  of  installations  the  current  is  collected  from 
overhead  power  rails  by  current  collectors  of  the  con- 
tact shoe  type.  These  are  usually  required  to  be 
mounted  on  a  contact  shoe  beam  supported  on  a  frame 
constructed  to  suit  the  particular  location  of  the  power 
r.iils  with  respect  to  the  locomotives. 

I.\G0T   BUGGY   LOCOAtOTIVES 

Ingot  buggy  locomotives  are  usually  of  the  same 
class  as  the  charging  floor  locomotives,  and  are  used 
to  haul  the  ingots  to  the  .strippers.  As  with  the  charging 
floor  locomotives,  accurate  spotting  of  the  ingots  under 
the  ladles  of  molten  metal  is  necessary  from  the  stand- 
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point  of  safety  and  quick  operation.  In  taking  the  in- 
gots to  the  stripper  and  returning  to  the  pouring  tioor 
the  locomotives  should  be  capable  of  obtaining  good 
speed  within  the  safety  of  handling  molten  metal. 
Smooth  accelerating  of  the  locomotive  and  train  is 
essential  and  again  the  electric  locomotive  with  properly 


FIG.  4 — AN    E.-VRLIER  DESIGN   OK   QUENCIIEK   CAR   LOCOMOTIVE 

Showing  coke  being  quenched  at  quenching  station, 
designed  control  equipment  meets  the  requirements  in 
this  respect,  as  well  as  affordini;  the  greater  efficiency 
in  operating. 

COKING  LOCOMOTIVKS 

In  the  manufacture  of  coke  in  the  older  beehive 
type  of  ovens,  small  motor  driven  larry  cars  are  used 
for  charging  the  ovens  and  from  the  ovens  the  coke  is 
conveyed  and  loaded  into  the  cars.  In  the  more 
modern  by-product  plants,  electric  locomotives  are  used 
in  handling  the  coke  during  the  various  stages  in  pre- 
paring the  product  for  shipment.  The  close  schedule 
of  operation  in  all  the  stages  of  manufacture  up  ';o  the 
time  the  coke  is  discharged  from  the  ovens,  requires 
that  the  operations  in  handling  the  coke  from  there  on 
must  also  be  carried  forward  on  a  close  schedule  basis. 
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FIG.  5 — .\  L.MER  TYPE  OF  QLENCHER  CAR  LOCOMOTIVE 

without   failure   to  maintain  this  schedule  day   in  and 
day  out. 

QUENCHER    CAR    LOCOMOTIVES 

Quencher  car  locomotives  are  used  in  hauling  the 
coke  in  a  special  quencher  car  from  the  discharge  end 
of  the  by-product  ovens  to  a  quenching  tower,  where 
the  coke  is  quenched  without  removing  it  from  the  car. 
From  here  the  coke  quencher  car  is  hauled  to  a  coke 


wharf  onto  which  the  coke  is  discharged  by  opening 
the  pneumatically  operated  doors  at  the  side  of  the 
quencher  car.  These  doors  are  controlled  by  and  oper- 
ated by  air  supplied  from  the  motor  driven  air  com- 
pressors on  the  locomotive,  which  also  supply  air  for 
the  air  brakes  on  the  locomotive  and  quencher  car. 
Fig.  4  shows  an  earlier  type  of  quencher  car  locomotive 
and  an  earlier  method  of  quenching  the  coke.  The 
figure  illustrates  the  cloud  of  steam  generated  upon 
(|uenching  the  red  hot  coke. 

Fig.  5  illustrates  a  later  type  of  quencher  car  loco- 
motive weighing  25  tons  and  equipped  with  two-75  hp, 
250  volt  direct-current,  series-wound  motors.  The  high 
control  cab  permits  the  motorman  to  view  the  quencher 
car  and  the  discharging  of  the  coke  into  the  car,  as  well 
as  the  operations  during  the  quenching  of  the  coke  at 
the  quenching  tower.  The  locomotive  cab  is  divided 
into  two  compartments.  The  upper  compartment, 
v.hich  is  the  motorman's  compartment,  contains  the 
m.otor  control  equipment  and  air  brake  levers,  as  well 


FIG.   6 — THE  L.ATF.ST  TYI'E  OF  OLENCHER  CAR   LOCOMOTIVE 

as  the  air  gauges  and  the  levers  for  controlling  thj  air 
operated  doors  on  the  quencher  car.  The  lower  com- 
partment contains  the  two  motor  driven  air  com- 
pressors, (each  having  a  capacity  of  50  cu.  ft.  of  air 
per  minute)  the  air  reservoir,  and  the  main  circuit  con- 
trol equipment,  consisting  of  the  contactors  and  nictor 
cutout  switches  as  well  as  the  irain  and  contro.  re- 
sistors 

Fig.  6  shows  the  general  outline  and  details  in 
design  of  the  latest  type  of  (jucncher  car  locomotive, 
which  embodies  a  large  numbc;"  of  features  in  con- 
struction to  withstand  the  severe  service,  also  incor- 
porating features  in  the  laj'out  of  the  equipment  and 
methods  of  controlling  the  locomotive  which  were  Irxk- 
ing  in  previous  designs.  The  equipment  on  this  locomo- 
tive consists  of, — 

Two  75  hp,  250  volt  motors ; 

Two  motor  driven  air  compressors,  each  having  a 
capacity  of  50  cu.  ft.  of  air  per  minute; 

One  master  controller  for  controlling  the  electro- 
pncumatically  operated  switch  groups ;  and  other  detail 
for  operating  and  controlling  the  air  brakes,  quencher  car 
doors,  air  whistle,  cab  and  compressor  compartment  light- 
ing, and  headlight. 

The  underframe  construction  of  this  locomotive  is  of 
the  center  sill  type,  rigidly  braced  to  the  side  frames  which 
are  of  bar  steel  construction.  The  steel  cab,  centrally 
located  over  the  underframe,  and  the  hoods  at  both  ends 
are  of  heavy  steel  plates,  not  only  for  stifTness,  but  to  pre-i 
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vent  rapid  corrosion  from  the  action  of  steam  and  the 
quenching  water  which  it  comes  in  contact  with  during  the 
quenching  operations  of  the  coke.  The  floor  of  the  cab  is 
of  heat  resisting  material,  while  the  compressor  compart- 
ment floor  is  made  up  of  steel  plates  riveted  solid  to  the 
underframe.  Openings  are  provided  in  these  plates  above 
the  commutator  end  of  the  motors  to  permit  inspection  of 
the  commutator  and  brushes. 


FIG.    7— QUENCHER   CAR   AND    LOCOMOTIVE   AT   A    QUENCHING   TOWER 

The  control  equipment  and  scheme  of  connections  per- 
mits obtaining  either  hand  control  notch  by  notch  on  the 
master  controller,  or  automatic  acceleration  up  to  any  point 
on  the  master  controller.  This  is  particularly  desirable 
where  the  class  of  labor,  as  it  is  here,  requires  that  all  pos- 
sible protection  be  given  the  electrical  equipment  and  that 
as  little  time  be  consumed  as  possible  in  accelerating.  The 
close  schedule  of  operations  requires  that  every  precaution 
be  taken  to  prevent  undue  loss  of  time 
throughout  the  twenty-four  hour,  day 
after  day  operation.  The  control  equip- 
ment includes  also  a  potential  relay  so 
arranged  that  in  case  of  failure  of  power 
it  would  be  impossible  for  the  locomotive 
to  obtain  power  unless  the  motorman  re- 
turns to  the  cab  of  the  locomotive  and 
re-establishes  the  control  circuits  after 
power  comes  on  again.  No  main  circuit 
equipment  is  in  the  operator's  compart- 
ment; this  all  being  in  the  compressor 
compartment  of  the  cab.  In  addition 
to  the  protection  afforded  by  the  heavy 
plate  construction  of  the  cab,  all  control 
apparatus  is  enclosed  in  dust-proof  cases. 

COKE  LOADING  LOCOMOTIVES 

Upon  lea\ing  the  coke  wharf,  the 
coke  is  conveyed  to  a  screening 
tower,  from  which  it  is  loaded  onto 
cars  for  shipment.  A  number  of 
methods  are  employed  in  loading 
these  cars  and  moving  the  cars  under 
the  loading  chutes  of  the  screening 
stations.  A  more  recent  and 
economical  means  employed  at  one  large  by-pio- 
duct  plant  consists  of  using  electric  locomotives,  which 
can  be  controlled  from  the  screening  stations.  The 
cars  can  be  spotted  under  the  coke  chutes  at  will,  with- 
out time  consumed  in  signaling  to  an  engine  crew  in 


the  locomotive  cab.  Short  and  accurate  movements  of 
the  train  are  obtained  in  either  direction  and  this  per- 
mits advantages  which  cannot  be  obtained  with  other 
systems  in  handling  the  cars  during  load,  in  that  less 
coke  is  spilled,  no  time  is  lost  due  to  signaling,  the  cars 
are  more  evenly  loaded,  resulting  in  greater  capacity, 
and  less  labor  is  required,  aside  from  the  increased 
shipments  of  coke. 

These  locomotives,  one  of  which  is  shown  in  Fig. 
9,  weigh  36  tons  and  are  equipped  with  two  75  hp 
motors  geared  by  double  reduction  to  33  inch  driving 
wheels.  They  are  normally  supplied  with  power  from 
two  250  volt  third  rails,  located  one  on  each  side  of  the 
track,  but  are  also  provided  with  a  no  cell  storage 
battery  for  operating  outside  of  the  third  rail  zone. 
This  battery  normally  floats  on  the  line,  automatically 
receiving  charge  whenever  the  locomotive  is  operating 
from  the  third  rails.  The  cells  are  normally  connected 
in  series,  but  the  two  halves  of  the  battery  can  be  con- 
nected in  parallel  for  a  gassing  charge  when  desired. 

The  control  equipment  is  of  the  standard  electro- 
pneumatic  type,  providing  for  series-parallel  control  of 
the  motors  and  having  seven  accelerating  and  two  run- 
ning positions.  Operation  from  the  locomotive  is  by 
the  usual  drum  type  of  master  controller.  Remote 
control  is  accomplished  through  a  control  rail  located 
directly  under  one  power  rail,  to  which  contact  is  made 
with  a  current  collector  of  the  over-running  type.  This 
control  rail  and  contactor  furnish  the  only  electrical 
connection  between  the  locoinotive  and  the  control 
tower  at  the  loading  chutes,  and  carry  only  small  cur- 
rents. 

Remote  control  is  accomplished  by  energizing  this 
control  rail  to  a  positive  or  negative  potential  depending 


I-IG.  8- 


DISCHARGING  COKE  FRO.M  THE  QUENCHER  CAR  ONTO  THE    COKE   WHARF 

After  it  has  Ijeen  quenched  at  the  quenching  tower. 


upon  whether  forward  or  reverse  operation  of  the  loco- 
motive is  desired.*     The  potential  on  the  control  rail 

*For  details  of  this  control  scheme  sec  article  by  the  author 
on  "Remotely  Controlled  Electric  Locomotives"  in  the  Journal 
for  Feb.  ig2o,  p.  49. 
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operates  relays  which  automatically  throw  off  the  air 
brakes  and  accelerate  the  locomotive  in  the  desired  di- 
rection to  a  speed  corresponding  to  the  third  resistor 
step  with  the  motors  in  series,  giving  a  speed  of  ap- 
proximately 0.5  miles  per  hour.  Disconnecting  the 
source  of  potential  from  the  control  rail  return:-:  the 
electropneumatic  switches  on  the  locomotive  to  the  off 
position  and  sets  the  brakes. 

The  usual  operation  consists  in  the  motorman  tak- 
ing the  locomotive  to  the  empty  car  storage  track  and 
hauling  eight  empty  cars  to  the  loading  chutes  at  the 
screening  station.  The  motorman  then  closes  a  chonge- 
over  switch  which  provides  suitable  control  connections 


Ml,,    ly      litWlM   i:n,\ll;ijl  l.hli    rnKj     IdAlUXG    l.OCOMinni 

t'.  allow  the  locomotive  to  be  operated  from  the  tower. 
The  locomotive  is  then  under  the  control  of  the  oper- 
ator in  the  screening  station,  who  moves  the  train 
slowly  forward  or  back  as  the  occasion  may  require,  in 
order  to  secure  evenly  and  completely  loaded  c.irs. 
There  are  two  operators  on  the  screening  station,  each 
located  in  a  cab,  midway  between  two  tracks,  and  in 
addition  to  controlling  all  conveyors  and  screen  equip- 
ment of  one-half  the  screening  station,  each  controls 
two  locomotives  at  a  time. 

After  the  cars  have  been  fully  loaded,  with  70 
tons  to  each  car,  the  motorman  returns  to  the  locomo- 
tive and  hauls  the  train  to  the  classification  yards,  after 
which  he  returns  for  another  train  of  empties.     Only 


two  men  are  required  to  handle  the  shifting  for  the 
entire  station,  as  the  motorman  does  not  need  to  be 
on  the  locomotive  while  it  is  being  operated  from  the 
tower,  and  can  be  hauling  one  train  out  while  another 
is  being  loaded. 

The  locomotives  are  equip[ied  for  multiple  control 
from  any  of  the  locomotive  cabs  or  from  the  tower. 
One  of  the  big  advantages  of  this  type  of  equipm:-nl  is 
the  size  of  trains  which  can  be  handled,  as  with  steam 
locomotives  it  is  practically  impossible  to  load  more 
than  three  cars  at  a  time,  because  the  steam  arising 
from  the  hot  coke  makes  it  impossible  to  signal  the  en- 
gineer from  the  loaders  cab  at  any  great  distmce. 
With  a  steam  engine,  an  engineer  and  fireman  are  re- 
quired and,  because  of  the  shorter  trains,  at  least  two 
crews  would  be  necessary  for  each  loading  track.  Dur- 
ing the  loading  period  there  is  .so  little  for  the  crew  to 
di.  that  it  is  rather  demoralizing.  With  the  steam  en- 
gine operation,  it  is  frequently  necessary  to  signal 
several  times  to  get  the  engineer's  attention,  and  the 
movements,  when  made,  are  often  very  erratic. 

This  system  of  remote  control  of  locomotives  has 
been  highly  successful  in  operation  and  should  hav  a 
wide  application  wherever  quick  and  accurate  spotting 
of  cars  in  a  train  is  essential. 


Locomotives  of  the  above  classes  have,  in  the 
modern  steel  plants  and  allied  industries,  more  than 
proven  their  superiority  from  the  standpoint  of  re- 
liability and  lower  maintenance  costs.  They  have  been 
operated  with  greater  safety  than  other  types,  have 
eliminated  the  smoke  nuisance,  and  made  working  con- 
ditions better,  all  of  which  adds  to  production.  The 
range  of  application  of  the  electric  locomotive  in  the 
various  industries  is  practically  without  a  limit,  not  cnly 
in  supplanting  other  types  of  locomotives  but  in  super- 
seding various  systems  of  haulage  employing  stationary 
n^achines  as  the  source  of  power.  The  flexibility  of  the 
electric  locomotive  makes  it  able  to  meet  successfully 
and  economically  varying  service  and  emergency  condi- 
tions. 
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PR.\CTICALLY  all  electric  arc  furnaces  of  large 
capacity  are  operated  by  alternating  current.  As 
three-phase  power  distribution  is  most  common, 
and  most  economical,  large  furnaces  are  usually  de- 
signed to  utilize  this  power.  Three-phase  furnaces 
have  two  or  three  electrodes.  Single-phase  furnaces 
are  provided  either  with  two  electrodes,  as  in  the  case 
of  the  single-phase  steel  furnace,  or  with  one  electrode, 
as  in  the  case  of  many  ferro-alloy  furnaces.  In  the 
latter  case,  the  hearth  forms  the  other  terminal.  There 
are  a  few  two-phase  installations,  employing  four  elec- 
trodes, in  which  case  the  three-phase  power  supply  is 
converted  into  two-phase,  either  by  a  Scott-connected 
b?.nk  of  transformers  or  by  means  of  a  motor-generator 
set. 

REGULATING   DEVICES 

Several  methods  have  been  utilized  to  vary  the  con- 
stants of  the  circuit  to  comply  with  the  demands  of  the 
furnace.  The  resistance  of  the  line  may  be  varied  by 
means  of  a  rheostat,  or  the  reactance  mar  be  adjusted 


FIG.   I — CH.\R.\CTERISTIC  CURVES  OF  DIFFERENT  TYPES  OF  REGULATORS 

by  a  step  inductance.  The  resistance  method  is  out  of 
the  question,  except  for  very  small  installations,  due  the 
amount  of  power  wasted,  and  the  step-by-step  reactance 
variation  is  objectionable  on  account  of  the  low  power- 
factor  introduced.  Induction  feeder  and  step-by-step 
regulators  to  handle  the  powers  and  voltages  on  the 
high-voltage  side  are  expensive  and  cumbersome.  The 
most  logical  as  well  as  the  simplest  means  of  controlling 
the  impedance  of  .the  circuit  is  found  in  adjusting  the 
length  of  the  arc  by  moving  th^  electrodes  themselves. 

ELECTRODE   REGULATORS 

When  the  electric  arc  furnace  was  first  tried  out  on 
a  commercial  basis  for  melting  metals,  it  was  custoiTiary 
tc  control  the  feeding  of  the  electrodes  by  hand-  At 
that  time,  furnaces  were  comparatively  small,  and 
there  was  generally  sufficient  impedance  in  series  with 
the  furnace  load  to  prevent  dangerous  surges  of  cur- 
rent incident  to  poor  regulation.  Also,  the  rates  paid 
both  for  power  and  for  labor  were  much  more  moderate 
than  at  present  and  the  economic  aspect  of  such  a 
method  was  not   serious.     Today,  however,  with   fur- 


naces using  so  much  power  that  one  installation  may 
consume  an  appreciable  part  of  the  total  output  of  the 
average  central  station,  and  with  the  present  rates  be- 
ing paid  for  labor,  the  automatic  control  of  the  arc 
becomes  very  important  from  the  economic  standpoint. 

The  art  of  electrometallurgy  has  attained  such  a 
stage  that  products  are  now  being  turned  out  of  the 
electric  furnace  which  were  heretofore  considered  im- 
possible of  manufacture.  The  ability  of  the  metallurg- 
ist to  reproduce  results,  depends  on  his  ability  to  con- 
trol the  conditions  within  the  furnace.  It  is  practically 
impossible  with  hand  control  to  maintain  as  constant 
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FIG.    2 — ELE.MENTARV    CURRENT   REGULATOR    FOR    THREE-ELECTSODE, 
THREE-PHASE   FURNACE 

conditions  in  the  furnace  as  with  the  automatic  regu- 
lator. 

The  development  of  the  arc  lamp  uncovered  some 
of  the  problems  incident  to  the  automatic  control  of  the 
electrodes  between  which  the  arc  takes  place.  For  an 
arc  lamp  to  be  successful,  it  was  realized  that  some 
method  must  be  devised  that  would  automatically  feed 
the  electrodes  toward  each  other  as  their  ends  vapor- 
ized. The  regulation  of  the  arc  in  the  electric  furnace 
is  based  on  the  same  general  principle,  but  presents  a 
different  problem  in  many  respects.  In  the  arc  lamp, 
the  parts  are  small  and  light  in  weight.  The  control- 
ling mechani.sm,  therefore,  can  be  direct  acting,  and  can 
control  the  position  of  the  electrodes  without  interven- 
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ing  machinery.  The  mechanism  of  the  electric  fur- 
nace, on  the  other  hand,  is  heavy,  and  unless  an  un- 
v/arranted  amount  of  power  is  expended,  intervening 
steps  must  be  interposed  between  the  controlling;  de- 
vice and  the  motive  power  which  operates  the  elec- 
trodes.    This   introduces   both   mechanical    inertia   and 
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FIG.   3 — STEP   nY   STEP  REGUI-ATOR 

time  lag  between  the  abnormal  condition  in  the  furnace 
and  the  corrective  influence  of  the  regulating  device. 

Electric  arc  furnaces  are  commonly  provided  with 
230  volt  direct-current  motors  for  operating  electrodes. 
The  regulator  controlling  the  furnace  by  means  of  the 
electrodes  must  therefore  operate  these  motors. 

EI.KXrr.NT.AKV   RKGULATORS 

The  elementary  form  of  regulator  consists  01  a 
control  element,  which  is  usually  a  contact  making  am-, 
meter,  voltmeter  or  wattmeter,  connected  to  the  circuit! 
supplying  power  to  the  furnace.  It  is  provided  v/ith 
two  sets  of  contacts,  one  pair  closing  when  the  quantity 
being  regulated  is  above  normal  and  the  other  closing 
when  the  quantity  is  below  normal.  When  the  current 
is  normal,  both  contacts  are  open.  Each  pair  of  con- 
tacts operates  its  own  contactor  switch,  which  in  turn 
operates  the  electrode  motor,  cither  in  a  lowering  or 
raising  direction. 

Such  an  elementary  device  is  limited  in  its  appli- 
cation, as  will  be  appreciated  when  an  examination  is 
made  of  its  operation.  .Assume  that  the  furnace  is 
drawinsf  normal  current.  Both  contacts 
on  the  control  element  will  be  open  and  the 
motors  will  be  at  rest.  A  change 
in  the  furnace  conditions  will  close  one  of  the 
contacts,  which  will  operate  the  corresponding  motor  in 
a  direction  to  compensate  for  the  change.  As  the 
motor  adjusts  the  electrode,  the  regulated  quantity  will 
approach  normal  again  and  when  it  reaches  its  normal 
value,  the  control  element  will  disconnect  the  motor 
from  the  line  and  apply  dynamic  braking.  Due  to  the 
inertia  of  the  moving  parts,  however,  the  motors  will 


drift  somewhat,  and  if  a  fairly  high  electrode  speed  is 
used,  the  electrodes  will  over-travel  a  sufficient  amount 
to  change  the  regulated  quantity  to  the  opposite  side  of 
normal.  Also,  the  inductance  of  the  circuit  will  cause 
the  current  to  rise  somewhat  after  the  element  has 
broken  contact.  This  will  result  in  the  motor  being 
reversed  and  the  electrode  moved  in  the  opposite  di- 
rection. 

The  above  tendency  of  a  regulating  system  to 
oscillate  is  known  as  hunting  and  may  be  either  a 
perpetual  condition,  after  once  being  started  or,  if  the 
amplitude  of  each  surge  is  less  than  the  preceding  one, 
the  system  will  eventually  come  to  rest.  In  an  element- 
ary device,  hunting  is  overcome  by  making  the  posi- 
tion of  the  control  element  lever  dependent  on  the 
quantity  being  regulated  and  by  separating  the  contacts 
far  enough  that  the  contact  for  running  the  motors  in 
one  direction  does  not  close  before  the  motors  have 
stopped  running  in  the  opposite  direction.  Low  elec- 
trode speed  is  also  utilized  to  get  away  from  this  diffi- 
culty. 

A  type  of  regulator  which  obviates  the  hunting 
difficulty  to  a  large  extent  has  been  in  use  for  a  number 
of  years  and  is  giving  very  good  satisfaction.  Instead 
of  operating  the  electrode  motors  continuously,  it  ap- 
plies current  to  them  in  a  series  of  impulses.  That  is, 
when  the  quantity  being  regulated  deviates  from  its 
normal  value  the  electrodes  are  moved  in  a  series  of 
steps.  If  the  change  in  the  regulated  quantity  per 
slep  is  smaller  than  the  value  necessary  to  cause  the 
controlling  device  to  reverse  the  motor,  the  regulator 
will  not  hunt.  Such  a  regulator  is  known  as  the  step- 
by-step  type,  due  to  its  method  of  operation. 

For  a  number  of  years,  these  two  were  the  only 
types  of  regulators  available  for  electric  arc  furnaces. 
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When  intelligently  applied  and  used,  both  give  very 
good  satisfaction,  as  is  borne  out  by  the  large  number 
row  in  use. 

Recently  a   new  type  of   regulator  has  been   de- 
veloped, which  is  a  combination  of  the  other  two  types. 
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A  consideration  of  those  described  above  will  disclose 
that  neither  of  the  control  elements  is  sensitive  to  the 
amount  by  which  the  regulated  quantity  differs  from 
its  normal  value.  When  the  quantity  is  being  returned  to 
r.ormal,  the  electrodes  are  moving  at  a  determined  speed, 
v.'hich  is  constant  and  which  bears  no  relation  to  the 
amount  of  the  deviation  from  the  normal  value  of  the 
regulated  quantity.  In  the  new  type  of  regulator,  the 
motor  speed  bears  a  definite  relation  to  the  value  of  the 
regulated  quantity.  For  instance,  if  the  furnace  draws 
a  given  percentage  more  current  than  normal,  the 
motors  will  run  at  a  given  speed  and  as  the  current 
approaches  normal,  the  motor  speed  will  decrease  and 
the   electrodes    will   gradually   be   brought   to   rest.     A 


FIG,    5 — REGULATOR    P.\NEL  FIG.    0 — SWITCHING    .VND    METER 

P.\NEL 

deviation  of  more  than  20  to  25  percent  will  cause  the 
motor  to  run  at  its  maximum  speed  until  this  20  or  25 
percent  is  reached,  at  which  time  the  speed  reduction 
will  begin.  Fig.  i  illustrates  the  approximate  differ- 
ence in  the  speed  curves  of  the  three  types  and  shows 
how  the  new  type  of  regulator  brings  the  motors  10  a 
gradual  stop. 

REGUL.-^TED  QU.\NTITIES 

A  furnace  regulator  may  be  devised  to  maintain 
any  one  of  three  quantities  constant;  viz.,  the  current 
in  each  electrode,  the  voltage  across  each  electrode  or 
the  total  wattage  input  into  the  furnace.  There  are 
also  combinations  of  these  three. 

Current  control  is  used  in  two  of  the  types  of  regu- 


lators on  the  market  at  the  present  time  for  steel  fur- 
naces. Such  regulator^  seem  to  be  satisfactory  in  this 
field.  They  are  most  readily  adapted  to  three-phase 
furnaces  or  to  single-phase,  single-electrode  furnaces. 
They  cannot  be  applied  to  single-phase,  two-electiode 
furnaces,  as  the  regulator  is  not  sensitive  to  diliferences 
in  the  lengths  of  the  two  arcs.  This  would  make  for 
uneven  heating  and  one  electrode  might  even  be  sub- 
merged in  the  steel  which,  of  course,  is  extremely  un- 
desirable. Also,  it  is  impossible  to  use  a  simple  current 
control  on  a  two-phase,  four-electrode  furnace  unless 
the  two-phase  is  obtained  from  a  three-phase  system 
Scott  connected.  As  far  as  the  writer  is  aware,  :here 
are  no  furnace  regulators  depending  solely  upon  the 
voltage  across  the  arc  for  their  operation. 

As  stated  above,  the  simple  current  control  is  not 
applicable  to  two-phase  furnaces,  nor  to  single-phase, 
two-electrode  furnaces.  One  method  of  controlling  the 
current  in  a  single-phase,  two-electrode  furnace  is  to 
control  but  one  electrode  by  current  and  to  control  the 
other  by  means  of  a  contact  making  differential  volt- 
meter, one  coil  being  energized  by  the  voltage  across 
one  of  the  arcs  and  the  other  being  connected  across 
the  other  arc.  The  lengths  of  the  two  arcs  are  t^hus 
maintained  equal. 

The  new  type  of  regulator  mentioned  above  utilizes 
both  the  current  in  each  electrode  and  the  voltage  of 
each  phase  to  neutral,  on  the  same  control  element.  The 
pull  of  the  current  coil  opposes  that  of  the  voltage  coil, 
and  thus  when  these  two  pulls  are  equal  for  a  given 
phase,  the  electrode  operating  motors  remain  at  rest. 
It  is  evident  that  this  new  type  of  regulator  is  applicable 
to  any  furnace,  because  the  regulator  forces  a  balance 
of  all  arc  voltages  for  balanced  electrode  currents. 

In  a  simple  type  of  current  regulator,  any  interrup- 
tion of  the  alternating  current  to  the  furnace  while 
under  automatic  regulation,  will  result  in  lowering  the 
electrodes  into  the  bath.  Cut-outs  operated  by  the 
alternating  voltage  must  therefore  be  placed  in  the  cir- 
cuits to  the  electrode  motors.  On  the  new  type  of 
legulator,  these  cut-outs  are  unnecessary,  because  the 
beam  of  the  control  element  is  returned  to  its  normal 
position  by  means  of  springs  as  soon  as  both  the  cur- 
rent and  voltage  coils  are  de-energized. 

In  the  steel  industry  particularly,  it  is  highly  un- 
desirable that  the  carbon  or  graphite  electrodes  enter 
the  steel  bath.  When  using  three-phase  power,  or  when 
using  single-phase  with  a  two  electrode  furnace,  one 
electrode  may  accidently  be  run  into  the  bath  before 
the  current  flow  is  allowed  to  start  by  lowering  one  of 
the  other  electrodes.  With  the  new  regulator,  each 
electrode  is  independent  and  as  soon  as  one  electrode 
strikes  the  slag,  the  voltage  across  the  voltage  coil  is 
reduced  to  zero  and  the  descent  of  the  electrode  ceases. 

A  watt  control  regulator  has  been  used  in  a  few 
isolated  cases  on  three-phase  steel  furnaces  and  on 
some  single-phase  furnaces.  \\'hen  controlling  a 
three-electrode,  three-phase  furnace  for  constant  watt- 
?ge  input,  obviously  the  same  difficulty  is  encountered 
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as  is  found  in  trying  to  control  a  two-electrode  single- 
phase  furnace  by  current  alone.  In  other  words,  an 
attempt  is  being  made  to  regulate  the  same  quantity  by 
more  than  one  device.  In  addition  to  a  pure  watt  con- 
trol, therefore,  the  voltage  across  each  arc  must  be  con- 
trolled to  maintain  the  arcs  of  equal  length. 

TYPES  OF  REGULATORS 

One  type  of  simple  current-control  regulator  is 
shown  in  Fig.  2.  In  this  particular  type,  means  £re 
provided  for  obtaining  higher  speed  of  the  electrodes 
under  hand  control,  thus  facilitating  raising  the  elec- 
trodes out  of  the  bath  when  it  is  desired  to  work  with 
the  charge.  Another  feature  is  the  use  of  more  resist- 
ance in  the  motor  circuit  while  lowering  the  electiode, 
than  while  raising  it.  This  gives  a  higher  raising  than 
lowering  speed. 

Fig.  3  illustrates  a  typical  regulator  of  the  step-by- 
step  type.  It  is  actuated  by  current  alone,  and  is  thus 
limited  in  its  application  as  explained  above.     The  type 
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FIG.    7 — WIRING   DIAGR.XM    OF   FURN.XCE   REGLT-.ATOR 

is  familiar  to  all  furnace  men  and  a  detailed  descrip- 
tion is  therefore  unnecessary.  Fig.  4  shows  the  wiring 
diagram. 

The  new  type  of  regulator  discussed  above  is 
shown  in  Fig.  5.  Fig.  7,  is  a  schematic  wiring  diagram 
of  this  regulator,  and  Fig.  8  shows  the  connections  to 
the  control  element  for  one  of  the  electrodes.  The  two 
sets  of  contacts  on  the  lever  control  the  electrode  oper- 
ating motors  through  the  medium  of  magnetically 
operated  contactor  switches,  which  are  mounted  on  the 
regulator  panel. 

Assuming  that  the  furnace  is  about  to  be  started 
up,  neither  of  the  solenoids  on  the  main  control  ele- 
ment, V  or  A,  will  be  energized  until  the  main  circuit 
breaker  on  the  high-voltage  side  of  the  furnace  trans- 
former is  closed.  Under  these  conditions,  the  two 
springs,  /  and  2  will  hold  the  lever  in  a  horizontal  posi- 
tion, maintaining  contacts  3  and  4  open.  On  closing  the 


n:ain  circuit  breaker,  a  potential  will  be  immedi.iiely 
created  between  each  electrode  and  the  shell  of 
the  furnace.  Voltage  coil  V  is  now  energized 
.-■nd  pulls  up  on  its  core,  closing  contact  5, 
and  operating  the  electrode  motor  in  a  direction 
t.j  lower  the  electrode  continuously  and  at  full 
speed  until  it  makes  contact  with  the  bath.  As  the 
voltage  coil  is  connected  between  the  electrode  and  the 
furnace  shell,  its  current  will  be  shunted  and  it  will  be- 
come de-energized  the  instant  the  electrode  makes  con- 
tact with  the  steel,  thus  allowing  the  lever  of  the  main 
control  element  to  return  to  its  horizontal  position  and 
open  the  motor  circuit.  As  no  alternating  current  can 
exist  in  any  electrode  until  two  or  more  are  in  contact 
with  the  bath,  current  coil  A  will  not  be  energized  until 
one  of  the  other  electrodes  is  lowered  sufficiently  fai  to 
strike  the  bath.  As  soon  as  the  circuit  is  completed, 
current  coil  A  becomes  energized.  Contact  4  is  thereby 
closed  and  causes  the  electrode  motor  to  raise  the  elec- 
trode, thus  drawing  an  arc  to  the 
bath.  The  sequence  of  operations 
is  similar  for  the  other  phases. 
The  motor  continues  to  raise  the 
electrode  until  the  voltage  between 
the  arc  and  neutral  increases  and 
the  current  in  the  electrode  de- 
creases to  such  an  extent  that  the 
pull  of  coil  A  is  equivalent  to  that 
of  coil  r'.  The  lever  will  then  as- 
sume a  horizontal  position,  open- 
ing the  motor  circuit.  Any  dis- 
turbance of  the  equilibrium  be- 
tween the  pull  of  coils  A  and  B, 
due  to  variations  in  the  arc,  will 
cause  either  contact  5  or  //  to 
close,  thus  operating  the  electrode 
motor  in  a  direction  to  compensate 
for  the  disturbance. 

Current  adjusting  rheost.it  C 

is    connected    across    the    current 

by    changing    its    position    the    value 

per     phase     for    a    giveii     current 


transformer    and 

of     the     current 

in  the  current  coil  of  the  current  element  can  be  altered 

ct  will  within  the  limits  of  the  apparatus.     This  current 

can  be  varied  from  its  normal  value  to  approximately 

20  percent  of  the  normal  value. 

Auxiliar}-  contacts  5  and  6  are  mechanically  at- 
tached to  but  insulated  from  the  magnetically  operated 
contactor  switches,  which  control  the  electrode  motors. 
Contact  5  closes  when  the  lower  contactor  switch  closes, 
and  contact  6  closes  when  the  raise  contactor  sw'tch 
operates.  These  contacts  shunt  respectively,  a  part  of 
coils  ]'  and  A.  Therefore,  after  the  lever  has  been 
moved  in  a  direction  to  operate  the  raise  contactor,  the 
auxiliary  contacts  attached  to  this  switch  will  close, 
thus  shunting  a  part  of  coil  A  and  tending  to  restore 
the  lever  to  its  horizontal  position.  If  the  change  in 
[Hill  is  sufficient  to  allow  the  lever  to  operate,  its  con- 
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tacts  will  separate  and  allow  the  contactor  switch  to 
open.  If,  during  the  time  that  the  contactor  switch  was 
closed,  the  motor  has  not  moved  the  electrode  a  suffi- 
cient distance  to  adjust  the  current  to  the  value  for 
which  the  regulator  is  set,  the  pull  of  coil  A  will  still 
overbalance  that  of  coil  B  and  the  raise  contactor 
^witch  will  again  close  contacts  4.  A  vibrating  condi- 
tion will  thus  be  set  up  between  the  control  eleroent 
and  the  contactor  switch.  If  the  current  per  phase  is 
more  than  approximately  15  percent  either  side  of  its 
rormal  value,  the  change  in  pull  on  short-circuiting  a 
part  of  the  winding  on  coil  A  by  the  auxiliary  contacts, 
will  be  insufficient  to  allow  the  core  to  drop.  The  con- 
tactor switch  will,  therefore,  remain  closed  and  the  elec- 

2MVDC 


8 — SCHEMATIC    DI.-\GRAM    OF 
SWITCH    GROUP 


'otorArmalurt 
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SCHEMATIC    DIAGRAM    OF 
CONTROL    ELEMENT 


tvode  motor  will  operate  continuously  in  a  direction  to 
compensate  for  the  abnormal  current.  As  soon  as  the 
current  reaches  approximately  15  percent  of  noi"mal, 
the  change  in  the  pull  on  the  solenoid  A,  when  the  aux- 
iliary contacts  5  close,  is  sufficient  to  allow  the  co--^  to 
drop  out  and  to  bring  the  lever  to  its  horizontal  posi- 
tion. Between  this  15  percent  point  and  the  normal 
value  of  the  current,  the  regulator  assumes  a  vibrating 
condition  and  the  motors  are  subjected  to  a  series  of 
impulses,  the  average  time  the  motor  is  connected  to  the 
circuit  being  a  function  of  the  amount  the  alternating 
current  deviates  at  any  particular  instant  from  its  nor- 
mal value.     There  are  two  distinct  stages,  therefore,  in 


dynamic  braking  to  the  electrode  motor.  ^  is  a  resist- 
ance in  the  supply  circuit  which  acts  as  a  starting  re- 
sistance, and  Z?  is  a  smaller  resistance  which  acts  as  a 
braking  resistance  when  the  motor  is  brought  to  a  stop. 
The  shunt  field  is  permanently  connected  to  the  direct- 
current  supply. 

If  the  current  in  one  electrode  has  fallen  below  its 
normal  value,  the  main  control  element  will  close  switch 
I\  thus  connecting  the  motor  to  the  line  through  resist- 
ance A  and  B.  When  the  alternating  current  has 
reached  its  normal  value,  the  control  element  lever  will 
assume  a  horizontal  position  and  switch  D  will  open 
contact  5  and  close  contact  4.  Contact  2  has  heen 
closed  during  this  operation  and  the  motor  armature 
is  now  short-circuited  through  resistance  B,  thus  apply- 
ing dynamic  braking  to  the  armature.  It  is  to  tiiese 
contactor  switches  that  the  auxiliary  contacts  are  me- 
chanically attached.  Resistance  A  and  B,  Fig.  5,  are 
adjustable  by  taps  and,  therefore,  are  adaptable  to  any 
motor  between  2  and  5  hp,  230  volts.  The  taps  also 
permit  adjustment  to  take  care  of  any  conditions  that 
n:ay  be  encountered. 

It  will  be  noted  from  Fig.  4  that  the  reguhtor 
panel  mounts  the  contactor  switches  and  control  ele- 
ments, as  well  as  fuses,  knife  switches,  etc.  All  of  the 
control  equipment  which  the  melting  crew  are  required 
to  handle  is  mounted  on  a  separate  panel.  The  regu- 
lator panel  can,  therefore,  be  set-Lip  in  some  more  pro- 
tected place  than  the  furnace  room,  thus  protecting  it 
from  dust  and  dirt. 

A  connection  to  the  shell  of  the  furnace  is  required 
to  supply  excitation  to  the  voltage  coil.  In  basic  lined 
furnaces  it  is  found  that  the  lining  is  sufficiently  con- 
ductive to  operate  the  voltage  coil  without  inserting 
metallic  electrodes.  With  an  acid  lined  furnace  it  is 
necessary  to  use  metallic  electrodes  projecting  through 
the  bottom.  Small  rods  of  steel  or  some  high  melting 
alloy,  if  properly  installed,  have  no  detrimental  effect  on 
the  lining. 


FIG.    10 — POWER   CONSUMPTION    CURVE   OF   SIX    TON 

the  operation  of  the  regulator,  one  being  the  continuous 
running  stage,  and  the  other  the  vibrating  stage.  The 
vibrating  feature  permits  the  motors  to  operate  at  high 
speed  until  the  current  in  the  electrode  has  been 
brought  back  to  within  15  percent  of  normal  (approxi- 
mately) when  the  speed  is  gradually  reduced  to  zero. 
High  speed  and  freedom  from  over-shooting  are  thus 
obtained. 

A  schematic  diagram  of  one  electrode  motor  cir- 
cuit is  shown  in  Fig.  9.  C  and  D  are  two  double  acting 
contactor    switches    which    start,    reverse,    and    apply 


HEROULT   FURNAlE  WITH    NEW  TYPE  llF  REGULATOR 

Some  of  the  features  claimed  for  the  new  regulator 
are  a  high  electrode  speed  and  freedom  from  hunt-ng. 
The  high  electrode  speed  (36  inches  per  minute  utider 
automatic  regulation)  permits  the  regulator  to  extricate 
the  electrodes  from  the  steel  as  the  scrap  caves  in.  An 
interesting  feature  regarding  the  electrode  speed  is  that 
during  the  vibrating  interval  of  regulation  (the  zone 
through  which  the  alternating  current  is  15  percent 
above  or  below  normal),  the  speed  is  greater  while 
lowering  than  when  raising.  The  number  of  times  the 
arc  is  broken  nn  melting  down  cold  scrap  is  reduced  in 
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this  way.  The  stability  of  the  regulator  permits  it  to 
be  cut  in  on  starting  a  cold  charge,  after  which  ic  re- 
quires practically  no  attention. 

A  typical  curve  taken  with  a  direct  acting  graphic 
wattmeter  on  a  six  ton  Heroult  furnace  melting  cold 
scrap  and  making  alloy  steels  is  shown  in  Fig.  lo.  No 
special  care  was  used  in  charging,  and  the  regulator 
was  cut  in  as  soon  as  the  furnace  was  started.  The 
short  time  in  which  the  furnace  settled  down  is  interest- 


ing and  the  absence  of  high  current  peaks  is  also  note- 
worthy. A  high  speed  regulator  would  be  expected  to 
keep  down  demand  peaks  and  the  curve  seems  to  justify 
this  expectation. 

Although  this  new  regulator  for  electric  arc  fur- 
races  has  not  been  on  the  market  for  any  great  length 
cf  time,  it  has  been  very  successful.  Furnace  oper- 
ators who  have  used  it  like  it,  and  the  installations 
which  have  been  made  have  given  satisfaction. 


T>, 


nnd  Switcb- 


Switchboard  Engineering  Dept., 
Wcstinghousc  Electric  &  Mfg.  Company 


Till".  R.VPID  growth  in  the  use  of  electric  power 
in  the  steel  mills  has  brought  about  a  condition 
in  llie  switching  equipment  that  requires  con- 
siderable study  on  the  part  of  electrical  engineers  to 
provide  adequate  protection  for  the  electrical  ma- 
chinery. Most  of  the  switching  equipment  installed 
but  a  few  years  is  now  mechanically  inadequate  for 
the  service  required.  This  condition,  in  general,  was 
not  brought  on  by  misapplication  of  circuit  breakers, 
nor  wholly  by  the  lack  of  foresight.  Perhaps,  .some 
of  it  could  have  been  foreseen  and  proper  care  tnken 
to  provide  for  future  growth  and  extension,  but  it  is 
doubtful  if  the  expense  would  have  been  justified  at 
that  time.  Mainly,  this  condition  was  brought  on  by 
the  recent  unprecedented  requirements  for  steel,  ne- 
cessitating extensions  and  additions,  to  the  plants. 
There  has  also  been  a  decided  tendency,  growing  in 
volume  each  year,  to  electrify  the  mills.  This,  per- 
haps, has  been  the  largest  single  factor  in  increasing 
the  electric  power  consumption  in  the  steel  industry. 

A  few  years  ago,  a  ten  or  fifteen  thousand  kv-a. 
power  plant  was  considered  rather  large  for  a  steel 
mill.  At  present  the  opposite  is  true,  the  range  now 
extending  from  these  figures  tc  100,000  kv-a.,  and 
provision  has  been  made  in  some  plants  for  200,000 
kv-a.  Also  it  is  not  unusual,  and  the  tendency  is 
growing,  for  the  larger  companies  that  have  z  number 
of  plants  in  the  same  vicinity,  to  tie  their  power  systems 
together.  Fig.  2  shows  a  schematic  diagram  of  one  of 
the  large  company's  interconnected  power  plants. 
The  smaller  companies  are  connecting  with  the 
local  central  station  companie's  lines.  Fig.  i  shows  a 
schematic  diagram  of  one  of  the  small  companies 
which  has  tied  to  a  large  local  power  company's  sys- 
tem. Thus  in  most  cases,  by  one  of  the  above 
niethods,  the  steel  mills  have  provided  themselves  with 
r  large  source  of  power,  thereby  bringing  about  con- 
ditions which  must  be  met  if  the  electrical  machinery 
is  to  be  protected  properly  and  continuity  of  service 
guaranteed. 


Several  methods  have  been  developed  for  apply- 
ing additional  switching  equipment  or  remodeling  the 
old  in  some  manner  to  provide  protection.  All  have 
met  with  more  or  less  success  depending  upon  the  de- 
gree of  protection  desired,  and  the  investment  which 
can  be  provided  for  protection. 

The  natural  remedy  would  appear  to  be  the  re- 
moval of  the  antiquated  equipment  and  substitution  of 
new  circuit  breakers  having  sufficient  interrupting 
capicity  to  take  care  of  any  abnormal  condition. 
This  subject  of  interrupting  ability  which  depends  on 
the  mechanical  features  of  circuit  breakers  is  too  large 
to  permit  of  lengthy  discussion  in  this  article.*  It 
Oiust  be  borne  in  mind  that  the  mechanical  design  of 
'he  circuit  breaker  is  of  great  importance.  It  is  be- 
cause of  insufficient  mechanical  strength  that  most  cir- 
cuit breakers  become  too  small  for  the  service  when 
the  generating  capacity  of  the  power  plant  is  in- 
creased. Their  current  carrying  capacity  and  voltage 
rating  may  be  sufficient,  but  the  design  of  the  tank, 
frame,  contacts  and  other  mechanical  parts  is  not  large 
enough  to  withstand  the  strain  set  up  by  a  short-circuit 
current  which  may  be  obtained  from  the  increased 
generator  capacity  of  the  plant.  However,  the  substi- 
tution of  large  interrupting  capacity  breakers  is  not 
always  practical  and  is  usually  expensive  except  in 
new  installations.  For  these  reasons  it  is  natural  to 
turn  to  some  method  that  will  permit  the  use  of  exist- 
ing equipment  with  as  few  changes  in  the  layout  as 
possible,  and  the  least  disturbance  to  the  various  cir- 
cuits. 

GROUP    CIRCUIT   BREAKER   SCHEME 

This  method  of  arranging  circuit  breakers  to  give 
protection  for  abnormal  conditions  that  may  occur  on 
any  circuit,  as  the  name  implies,  is  employed  to  give 
protection  to  a  group  of  feeders  that  do  not  have  in- 


*See  article  on  "The  Design  and  Selection  of  Oil  Circuit 
Breakers"  hy  J.  W.  Mahoney  in  the  Journal  for  Nov.,  1918, 
p.  462;  and  on  "Oil  Circuit  Breakers  and  Their  Application" 
by  J.  B.  MacXeill  in  the  Jovrn.vl  for  Aug.  and  Nov.,  1916, 
pp  "364  and  547. 
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dividual  circuit  breakers  of  sufficient  interrupting  ca- 
pacity to  open  a  short-circuit  which  may  occur  on  any 
one  of  the  feeders.  The  scheme  is  very  simple,  com- 
paratively easy  to  install,  and  requires  very  little  addi- 
tional equipment.  It  consists,  principally,  of  a  large 
interrupting  capacity  circuit  breaker  of  sufficient  cur- 
rent rating  for  the  combined  currents  of  all  feeders  to 
be  protected.  This  circuit  breaker,  usually  designated 
as  the  "main"  or  "group"  breaker  is  installed  ahead  of 
the  feeder  breakers.  It  may  be  either  manually  op- 
erated or  electrically  operated.  Two  overload  relays 
and  one  direct  acting  relay  are  installed  on  each  of  the 
individual  feeder  breakers.  In  addition,  indicating 
lamps  may  be  installed  on  the  feeder  to  indicate  open 
and  closed  position  of  the  breaker,  and  a  push  switch 
for  hand  tripping. 

Two    main    conditions    must    be    met    before    the 
scheme  can    be    employed.     First,    the'   feeder    breaker 


give  two  independent  means  of  tripping.  This  is  de- 
sirable for  the  scheme,  inasmuch  as  it  gives  more  re- 
liability in  case  of  failure  of  one  or  the  other  tripping 
source. 

The  feeder  breakers  have  only  one  means  of  trip- 
ping, the  shunt  trip  direct-current  coils.  If  the 
breakers  are  manually  operated  these  coils  may  be  the 
five  ampere  alternating-current  trip  coils  already  in  the 
breakers,  the  two  tied  in  series  being  suitable  for  di- 
rect-current 6  to  12  volt  batteiy  service  or  a  single  di- 
rect-current shunt  trip  coil  for  6  to  12  volt  service.  If 
the  breakers  are  electrically  operated  the  standard  125 
volt  or  250  volt  shunt  trip  coils  are  used.  In  either  case, 
they  are  energized  from  the  same  source  as  the  group 
breaker  coils.  In  addition  to  the  trip  coils,  the  feeder 
breakers,  as  previously  mentioned,  are  equipped  with 
overload  induction  type  relays  and  a  two  coil  direct 
acting   relay   that   latches   in    the   open   position.     This 
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FIG.    I — SINGLE   LINE   DIAGRAM    OF    MILL   EQUIPMENT 

Thu  two  generating  stations  in  parallel  are  connected  to  the 
lines  of  a  large  central   station 

must  have  sufficient  carrying  capacity  for  a  period  of 
time,  such  as  five  seconds,  to  take  care  of  the  current 
developed  on  a  short-circuit;  and  second,  the  group 
breaker  must  have  sufficient  interrupting  capacity  to 
open  the  short-circuit  successfully.  Usually,  it  is  de- 
sired that  the  group  breaker  be  arranged  for  instan- 
taneous trip.  This  gives  better  protection  but  requires 
a  larger  interrupting  capacity.  Two  methods  may  be 
einployed  to  trip  the  group  breaker,  namely : — direct 
trip  by  means  of  alternating-current  trip  coils  ener- 
gized from  a  current  transformer,  as  shown  in  Fig.  3 ; 
and  shunt  trip  by  having  the  trip  coils  energized  from 
some  direct-current  source  as  shown  in  Fig.  ,4.  For 
manually  operated  breakers,  usually  the  direct-current 
source  for  tripping  is  a  low-voltage  storage  battery 
ranging  from  6  to  15  volts  and  for  electrically  oper- 
ated breakers  the  standard  125  or  250  volt  control  cir- 
cuit is  used.  Tt  is  not  necessary  that  both  methods  of 
trip  be  employed,  although  in  some  cases  serious  con- 
sideration may  be  given  toward  providing  them,  as  they 


latch  is  equipped  with  a  magnetic  reset  coil 
for  releasing.  The  main  coils  of  this  direct 
acting  relay  are  energized  from  the  current 
transformers  of  the  feeder  circuit  and  con- 
nected in  series  with  the  coils  of  the  induc- 
Qiioon.iKVA     j.JQj^  j.ypg  j.g]3y   ^  certain  definite  minimum 

number  of  ampere  turns  are  required  to  operate  the  di- 
rect acting  relay.  Therefore  its  coils  are  designed  with 
such  a  number  of  turns  as  to  give  this  minimum  re- 
quired number  of  ampere  turns  at  a  point  considerably 
above  the  usual  overload  rating  of  the  feeder,  but 
within  the  range  of  the  short-circuit  interrupting  ca- 
pacity of  the  feeder  breaker.  This  will  permit  the 
feeder  breaker  to  take  care  of  a  short-circuit  whose 
magnitude  is  not  beyond  its  interrupting  capacity. 

To  determine  the  current  necessary  to  give  the  re- 
(|uiie(l  ampere-turns  for  any  coil  in  the  direct-acting 
relay,  it  is  best  to  assume  an  interrupting  capacity  of 
pbout  80  percent  of  the  rating  of  the  feeder  breaker. 
This  is  safe  and  permits  of  some  range  in  the  use  of 
the  feeder  breaker  other  than  for  ordinary  overload. 
For  example,  assume  that  the  feeder  breaker  has  an 
interrupting  capacity  of  6000  amperes  at  line  voltage, 
and  is  used  on  a  circuit  having  300/5  ratio  current 
transformer.     The  80  percent   value  of  6000  is  4800. 
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This  4800  value  represents  the  current  point  beyond 
which  the  breaker  is  not  to  open.  Therefore,  the 
secondaiy  current,  which  actuates  the  direct  acting  re- 
lay coils,  is  the  primary  current  divided  by  the  latio 
of  the  current  transformer,  giving  80  as  the  ampere 
value  for  the  coil  necessary  to  give  the  required  am- 
pere turns  to  cause  the  direct  acting  relay  to  operate 
and  trip  the  group  breaker.  At  any  lower  value  the 
direct  acting  relay  will  not  function.  Therefore,  the 
individual  feeder  breaker  will  be  required  to  open  any 
current  value  up  to  this  point. 


(.Iterates  and  opens  a  pair  of  contacts  which  cut  out  the 
trip  circuit  of  the  feeder  overload  relay.  This  makes 
the  feeder  breaker  non-automatic.  At  the  same  time 
a  second  set  of  contacts  on  the  direct  acting  relay 
closes,  energizing  the  trip  coil  of  the  group  breaker. 
The  group  breaker,  therefore,  opens  the  short-circuit. 
\  third  set  of  contacts  on  the  direct-acting  lelay 
clo.ses  at  the  same  time  as  the  second  set.  These  are 
connected  in  series  with  a  set  of  auxiliary  contacts  on 
ihe  group  breaker  which  closes  when  the  breaker 
f  pens.     The  closing  of  these  contacts  energize  the  trip 


The  actions  of  the  scheme  under  ordinary  over- 
load and  short-circuit  conditions  are  briefly  as  fol- 
lows : — 

a — Under  ordinary  overload,  the  current  developed  in 
the  feeder  is  not  of  sufficient  magnitude  to  give  the  re- 
quired ampere  turns  to  operate  the  direct  acting  relay,  but 
will  operate  the  induction  type  time  limit  overload  relay, 
closing  its  contact,  thus  tripping  the  feeder  breaker.  The 
action  in  this  case  is  the  same  as  on  any  ordinary  feeder 
protected  by  time  limit  overload  relays.  The  direct  acting 
relay  has  no  effect  or  function  to  perform. 

/' — When  a  short-circuit  of  any  magnitude  occurs  on 
the  feeder,  the  current  rises  instantly  to  a  value  that  will 
liroduce  the  required  ampere  turns  to  operate  the  direct- 
acting  relay. 

The  time  limit  overload  relay,  having  a  definite 
time  setting,  will  not  act  before  the  direct  acting  relay 


Plant  No.  7. 
VK.    2 — SINGLE    LINE    SCHEMATIC    DI.\GR.\.M    OF    POWER    I'l.ANTS    AND 

coils  of  the  particular  feeder  breaker  in  distress,  there- 
by clearing  the  bus  of  the  defective  circuit.  The 
feeder  breaker  is  also  equipped  with  an  auxiliary 
switch  that  closes  when  the  breaker  opens.  The  clos- 
ing of  this  auxiliary  switch  energizes  the  reset  coil  of 
the  direct  acting  relay,  releasing  the  latch  and  permit- 
ting the  relay  to  reset  itself  in  normal  position  for  ser- 
\ice.  Fig.  5  indicates  the  necessary  wiring  for  the 
;ibo\e  arrangement. 

Due  to  voltage  failure  on  the  s)-stem  under  short- 
circuit  conditions  this  scheme  will  not  permit  the  use 
of  a  low-voltage  coil  on  any  feeder  breaker.  Where 
low-voltage  protection   is  desired   on   a   feeder,   a  low- 
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\oltage  relay  with  a  definite  minimum  time  limit  must 
be  installed.  The  trip  circuit  of  the  low-voltage  relay 
is  connected  in  parallel  with  the  trip  circuit  of  the  over- 
load relay,  so  that  on  a  short-circuit,  the  trip  circuit  is 
disconnected  from  the  trip  coil  of  feeder  breakers  by 
the  operation  of  the  direct  acting  relay. 

It  is  not  necessarj'  to  use  a  iow-voltage  relay  on 
ever}-  feeder  which  is  to  be  protected  against  voltage 
failure.  A  multicontact  relay,  with  one  low-voitage 
relay,  is  connected  to  the  main  bus,  and  the  multicon- 
tact relay  coil  is  connected  to  the  low-voltage  relay  so 


in  dotted  lines  the  connections  to  provide  this  feature. 
It  will  be  noted  from  the  diagram  that  no  elaborate 
wiring  is  necessary,  the  addition  of  the  auxiliarj'  relay 
with  its  connections  and  one  auxiliary  switch  on  the 
group  breaker  being  all  that  is  required.  Naturally 
this  scheme  cannot  be  used  unless  the  group  breaker 
is  electrically  operated.  The  action  of  the  scheme  is 
as  follows:  The  reclosing  auxiliary  relay  is  latched 
automatically  in  the  open  position  when  the  group 
breaker  closes.  When  a  short-circuit  occurs  on  any 
one  of  the  feeders,  the  direct  acting  relay  on  this  par- 


Plant  No.  3 
MILL    EQUIPMENT   LOCATED    IX    FIVE   SEPARATE    MILLS    OF   ONE      LARGE    COMPANY 


that  it  is  energized  when  the  low-voltage  relay  acts. 
The  various  contacts  on  the  multicontact  relay  are 
connected  to  the  trip  coils  of  the  various  feeders  that 
require  low-voltage  protection,  so  that  the  closing  of 
these  contacts  trip  these  breakers.  Fig.  6  shows  the 
method  of  connecting  such  a  scheme. 

^^  hile  the  above  group  breaker  scheme  is  the  one 
most  commonly  used  for  steel  mill  application,  the  fol- 
lowing refinement  has  certain  advantages. 

A  Reclosing  Feature  permits  the  automatic  re- 
closing  of  the  group  breaker  when  the  particular 
feeder  breaker  under  distress  has  been  opened,  clear- 
ing the  system  of  the  defective  circuit.     Fig.  5  shows 


ticular  feeder  acts,  closing  its  contacts  and  tripping  the 
group  breaker.  The  feeder  breaker  on  the  defective 
circuit  then  trips  out,  the  same  as  with  the  main 
scheme  previously  described,  clearing  the  short-circuit. 
The  coil  operating  the  magnetic  catch  on  the  reclosing 
auxiliary  relay  is  connected  in  parallel  with  the  trip 
circuit.  Therefore,  it  acts  and  releases  the  catch  on 
the  reclosing  relay  permitting  the  relay  to  close  its  con- 
tacts. When  these  contacts  close,  the  closing  coils  of 
the  group  breaker  are  energized,  thereby  closing  the 
b-eaker.  At  the  same  time  the  main  coil  of  the  re- 
closing relay  is  energized  causing  it  to  act  and  reset 
itself.     A   dashpot,    time-element    device   is    placed    on 
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the  reclosing  relay  to  give  a  delayed  action  sufficient 
to  assure  time  for  the  group  breaker  to  close.  When 
the  reclosing  relay  has  operated  and  reset  itself,  nor- 
mal condition  is  again  restored.  The  advantages  of 
this  feature  are  obvious,  where  no  synchronous 
apparatus  is  fed.  It  is  hardly  to  be  expected  that 
the  action  of  the  group  breaker  in  opening  and  reclos- 
ing will  be  rapid  enough  to  keep  synchronous  appara- 
tus from  dropping  out  of  step.     Therefore,  extra  pre- 


FIG.    3 — ALTERN.-MINC-CUR- 

RENT  DIRECT  TRIP  FOR  GROUP 

CIRCUIT    BREAKERS 

FIU.  4 — DIRECT-CURRENT 

SHUNT  TRIP  FOR  GROUP 

CIRCUIT    BREAKERS 

caution  must  be  taken  to  assure  the  tripping  of  circuits 
of  this  type.  While  this  adds  certain  complications 
and  necessitates  additional  wiring  and  removes  some 
of  its  advantages,  it  does  not  necessarily  mean  that  the 
scheme  cannot  be  adapted  to  the  use  of  plants  having 
circuits  controlling  synchronous  apparatus.  This, 
however,,  has  been  the  main  reason  for  not  adopting 
the  reclosing  feature  of  the  scheme  in  the  steel 
mdustry. 

The  group  breaker  scheme  is  not  claimed  to  be 
the  best  protection  in  all  cases.  It  is,  however, 
claimed  to  be  about  the  best  protection  obtainable  with 
relays.  Naturally  relays  are  not  infallible  and  they  do 
require  attenlion,  therefore  the  scheme,  as  mentioned 
previously,  will  provide  only  reasonable  protection  but 
at  a  minimum  cost  and  very  little  disturbance  to  the 
existing  apparatus.  If  one  wishes  to  go  farther  and 
provide  still  greater  degrees  of  protection,  combined 
with  flexibility  in  the  use  of  the  switching  apparatus, 
thereby  gaining  in  the  as.surance  of  continuity  of  ser- 
vice, the  auxiliary  bus  system  is  recommended  as  having 
])roven  itself  efficient. 

AUXILIARY    BUS    SYSTEM 

This  system  provides  for  the  use  of  such  existing 
equipment  as  may  be  reasonably  safe  by  installing  a 
new  system  either  adjacent  to  the  present  structure 
or  in  a  separate  switch  house.  The  old  and  the  new 
structure  are  tied  together  by  means  of  a  tie  breaker. 
Fig.  7  shows  a  schematic  diagram  of  an  adjacent 
structure.  As  indicated  in  the  diagram,  a  complete 
new  structure  is  installed  adjacent  to  the  old  structure. 
The  old  structure  is  used  as  the  auxiliary  and  the  new 
as  the  main  operating  bus.  Therefore,  all  new  and 
future  circuits,  as  far  as  possible,  are  added  to  the  new 
bus.  The  tie  breaker  is  made  quick  acting,  instantan- 
eous, and  has  sufficient   interrupting  capacity  to  rpen 


any  short-circuit  that  may  occur,  thereby  clearing  the 
auxiliary  bus  in  case  of  trouble.  The  feeder  breakers 
in  the  old  structure  are  provided  with  induction  type 
time-limiting  overload  relays.  This  gives  a  delayed 
action,  permitting  the  tie  breaker  to  open  first.  The 
breakers  in  the  new  structure  also  have  relay  protec- 
tion, and  in  addition  have  interrupting  capacity  suffi- 
cient to  open  any  short-circuit.  The  application  of 
the  scheme  is  limited,  however,  to  the  ampere  carry- 
ing capacity  of  the  old  breakers  and  to  the  mechanical 
strength  of  the  old  bus-bar  supports. 

Fig.  8  indicates  the  essential  connections  neces- 
sary for  a  separate  bus  structure  located  at  some  dis- 
tance away  from  the  present  bus  structure.  The 
breakers  in  the  new  structure,  as  in  the  above  scheme, 
are  of  sufficient  capacity  to  interrupt  a  short-circuit. 
The  tie  line  is  provided  with  two  breakers,  one  in  each 
structure,  all  having  overload  protection  by  meaiis  of 
time  limit  relays. 

The  successful  operation  of  the  scheme  depends 
upon  the  difference  of  time  setting  of  the  over- 
load relay  on  the  tie  breakers,  the  relay  on  the  tie 
breaker  in  the  new  structure  having  a  shorter  time 
setting  than  the  relay  on  the  breaker  in  the  old  struc- 
ture. It  is  not  necessary  that  the  arrangement  be 
made  in  this  manner,  but  the  use  of  a  relay  permits  a 
smaller  breaker  for  the  tie  on  the  old  equipment  struc- 


FIG.    5— GROUP    CIRCUIT   BREAKERS    SCHEME   TO   PROTECT   A   GROUP   OF 
FEEDER   BREAKERS 

The  dotted  portion  of  this  diagram  shows  the  necessary 
additional  apparatus  and  connections  for  the  automatic  reclos- 
ing feature. 

ture  end  of  the  tie  line.  Usually  this  is  desirable  as 
the  old  structure  is  never  intended  to  be  added  to,  but 
,J1  future  additions  will  be  made  to  the  new  structure. 
The  tie  line  is  to  be  used  more  as  an  emergency  than 
J  permanent  transmitter  of  power  between  the  two 
stations. 

Roth  .systems  described  above  can  be  made  a 
double  bus  arrangement.  Fig.  9  shows  a  schematic 
fhagram  of  the  adjacent  structure  arranged  for  a 
double  bus.     I'sually  it  is  a  veiw  simple  matter  tj  in- 


September,   1920 


THE   ELECTRIC  JOURNAL 


407 


slall  this  new  structure  above,  below  or  in  the  rear  of 
the  old  structure.  A  feeder  breaker  of  sufficient  in- 
terrupting capacity  is  provided  in  the  new  structure 
for  each  feeder  in  the  old  structure.  If  space  will  not 
permit  or  the  cost  is  too  great  to  provide  each  feeder 
with  a  double  breaker  arrangement,  they  can  be  pro- 
vided on  only  the   important   feeders.     This,   in   most 


FIG.     6 — LOW     VOLTAGE     PROTECTION     ON     THE 
GROUP     CIRCUIT     BREAKER     ARRANGEMENT 

cases,  will  be  sufficient.  The  two  breakers  are  tied 
together  through  disconnecting  switches,  so  that 
either  may  be  used  on  the  feeder.  Usually  it  is  de- 
sired to  operate  from  the  new  structure  through  the 
new  and  larger  breaker,  using  the  old  breaker  and  old 
structure,  as  far  as  possible,  only  for  emergency. 
The  current  transformers  on  the  feeders  are  relocated 
beyond  the  junction  of  the  two  breakers.  Only  one 
set  of  overload  relays  are  necessary  for  the  two 
breakers  on  each  feeder.  As  indicated  in  Fig.  9,  the 
relays  are  connected  so  as  to  trip  either  of  the  breakers 
that  may  be  in  service.  It  will  be  readily  seen  that  the 
scheme  has  practically  all  the  advantages  of  a  double 
bus  system,  and  is,  therefore,  preferable  to  the  single 
bus.  The  application  is  limited,  as  in  the  case  of  the 
single  bus  scheme,  by  the  normal  and  five  second  am- 
pere carrying  capacity  of  the  old  breakers  and  by  the 
mechanical  strength  of  the  bus-bar  supports  in  the  old 
structure. 

Fig.  10  shows  a  single  line  diagram  for  a  separate 
double  bus    structure    located    at    some    distance   away 


FTG.    7 — SINGLE  BUS,   AUXILIARY  BUS   SYSTEM 

With   the  old  and  new   structures  adjacent. 

from  the  present  bus  structure.  The  scheme  is 
virtually  the  same  as  the  single-bus,  separate-structure 
scheme  described  above.  The  tie  line  is  provided  with 
four  breakers,  two  in  each  structure.  The  two 
breakers  in  each  of  the  structures  are  tied  together 
through  disconnecting  switches.  The  transformers 
for  operating  the  relays  and  meter  are  located  beyond 
the  junction  connecting  the  two  breakers.     Two  relays 


for  each  group  of  breakers  are  provided  for  the  tie 
line  and  feeders.  For  continuity  of  service  this 
scheme  is  preferable  to  any  one  of  the  similar  schemes 
described  above. 

These  schemes,  as  well  as  the  group  breaker  sys- 
tems, have  their  limitations.  Quite  frequently  it  is 
found  advantageous  to  preserve  the  existing  equip- 
ment without  any  remodeling  or  changing  and  install 
reactance  coils. 

REACTANCE    COILS 

The  maximum  initial  rise  in  current  above  nor- 
mal generator  capacity  of  the  power  plant  at  any  point 
on  any  alternating-current  system  during  a  short-cir- 
cuit depends  upon  the  total  reactance  of  that  part  of 
the  system  up  to  the  point  at  which  the  short-circuit 
occurs.  This  current  gradually  decreases  as  the 
elapsed  time  increases.  This  is  shown  very  clearly 
from  the  curves  in  Fig.  11.  Therefore,  the  short-cir- 
cuit current  developed  at  the  bus,  the  usual  location 
of  the  breakers,  will  depend  upon  the  amount  of  re- 
actance of  each  machine,  plus  the  reactance  in  the 
leads.     The     standard     turbogenerators     being     built 


Breaker 

Gen.    1       1    Gen. 
Feeder        hcedcr 
FIG.   8 — SINGLE  BUS,   AUXILIARY   BUS   SYSTEM 

With  the  new  bus  structure  located  at  some 
distance  away  from  the  old  structure. 

under  present  day  practice  have  from  8  to  12  percent 
reactance.  Usually  the  switching  equipment  is  so 
planned  with  respect  to  the  machine  that  very  little 
additional  reactance  is  obtained  in  the  leads.  Perhaps 
one-half  of  one  percent  is  the  average  reactance  for 
leads.  This  amount,  of  course,  depends  entirely  upon 
the  number  of  leads  required,  their  arrangement  with 
respect  to  each  other,  the  distance  from  generator  to 
switch,  and  the  voltage  of  the  system.  Usually,  this 
lead  reactance  is  treated  as  negligible,  unless  in  excep- 
tional cases  a  favorable  arrangement  can  be  made  to 
utilize  it.  The  dependable  reactance,  therefore,  is  the 
reactance  of  the  machine  alone. 

The  present  day  practice  is  to  rate  circuit 
breakers  for  ampere  interrupting  capacity  and  momen- 
tary ampere  carrying  capacity  for  a  definite  period  of 
time,  such  as  five  seconds,  at  service  voltage,  in  addition 
to  the  continuous  ampere  carrying  capacity  and  maxi- 
mum service  voltage.  The  correct  application  of  f.ny 
circuit  breaker  demands  that  all  five  of  the  above 
lireaker  characteristics  be  borne  in  mind  and  their 
limits    not    exceeded.     The    amount    of    short-circuit 
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cuneiit  that  the  breaker  will  be  called  upon  to  open 
lor  a  given  kv-a.  generator  rating,  as  pointed  out  above 
and  shown  from  the  curves  in  Fig.  ii,  depends  both 
upon  the  amount  of  reactance  in  the  circuit  and  on  the 
elajised  time  from  the  instant  of  short-circuit.  No  oil 
circuit  breaker   can    be   built    to   open    instantaneously. 


P. 
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KIG.   9— DOL-nl.E   BUS,   AUXILIARY   BUS   SYSTEM 

With  the  old  and  new  structures  adjacent. 
An  appreciable  amomU  of  time  must  elapse  in  the 
(,peration  of  the  trip  coils,  the  releasing  of  the  trigger 
and  the  travel  of  the  main  contacts.  This  time  is 
usually  about  0.20  to  0.25  of  a  second  for  the  larger 
size  of  breakers. 

It  is  obvious  then,  that  the  insertion  of  additional 
reactance  will  permit  the  use  of  circuit  breakers  hav- 
ing less  interrupting  capacity  rating,  than  the  generat- 
ing capacity  of  the  system  on  which  they  are  used.  In 
.-.ddition,  the  use  of  reactance  coils  reduces  the  me- 
chanical strain  on  all  parts  of  the  system  due  to  mag- 
netic stress  set  up  by  the  great  rush  of  current  under 
short-circuit  conditions.  In  most  installations  that 
have  been  made  a  few  years  ago,  the  bus-bar  and 
cable  supports  do  not  have  sufficient  mechanical 
strength  to  meet  the  increased  stresses  produced  by 
!;resent  day  conditions.  Therefore  reactance  coils  be- 
come of  double  importance  wherever  the  capacity  of 
Ibe  plant  has  outgrown  the  capacity  of  the  switching 
t(iuipment.  Moreover,  the  use  of  reactance  coils  has 
an  advantage  over  the  group  breaker  system  in  that  it 
eliminates  the  serious  objection  to  opening  the  main 
circuit  breaker  instead  of  the  individual  feeder 
affected. 

Fig.  12  shows  some  of  the  locations  recommended 
for  reactance  coils.  Location  A  is  noticeably  the  most 
effective,  as  it  protects  service  on  all  the  other  feeders 
;.nd  gives  maximum  protection  to  the  switching  equi])- 
ir.ent.  The  cost,  however,  may  be  prohibitive  or  sjiace 
will  not  permit  its  use.  Therefore  location  B,  which 
irotects  a  group  of  feeders  will  be  the  next  best.  The 
third  choice  would  be  to  locate  the  reactors  at  C. 
However,  each  installation  should  be  considered  and 
the  location  selected  that  will  afford  maximum  pro- 
tection to  both  the  apparatus  and  service.  No  hard 
;md  fast  rule  can  be  made  to  cover  all  cases.  Quite 
frequently  it  is  desired  to  hold  the  voltage  up  under 
short-circuit  conditions  on  some  important  feeder, 
such  as  the  exciter,  station  auxiliar)',  or  pump  feeder. 
In  this  case,  location  D,  which  is  somewhat  similar  to 


B,  becomes  of  greater  importance  by  serving  a  double 
purpose. 

Reactance  coils,  while  reducing  the  current  rise 
on  short-circuit,  thereby  providing  protection  for  the 
circuit  breakers  and  reducing  the  mechanical  strains 
on  all  parts  of  the  system,  do  not  eliminate  trouble  due 
to  voltage  surges,  which  may  be  of  sufficient  magni- 
tude to  puncture  the  insulation  of  the  transformer  or 
rotating  machine.  Eliminating  this  trouble  requires 
that  particular  attention  be  paid  to  line  material,  ar- 
r.'.ngement,  and  location  of  lightning  arrestors  and 
choke  coils,  and  the  grounding  of  the  neutral  of  the 
system. 

GROUNDED   NEUTRALS 

Perhaps,  no  industry  using  a  large  amount  of 
electric  power  is  subject  to  more  trouble  from  voltage 
surges  than  the  steel  mills.  Primarily,  this  is  due  to 
arcing  grounds.  Fumes,  dirt  and  dust,  accumulating 
en  the  line,  insulators  and  supports,  weaken  their  in- 
sulation resistance,  causing  them  to  break  down  and 
arc  over.  As  the  arcing  ground,  due  to  capacitance 
and  inductance,  is  oscillating,  it  produces  a  very  high 
voltage,  which  may  be  many  times  the  normal  acros.s  an 
inductance  in  the  circuit.  Unless  extra  precautions 
are  taken  to  provide  means  for  cutting  off  the  circuit 
on  which  it  occurs,  serious  damage  is  liable  to  result  to 
machines,  somewhere  on  the  system.  This  puncturing 
of  machine  windings  or  flashing  over  may  occur  on 
several  machines  simultaneously  or  successively, 
thereby  tripping  out  switches  on  different  parts  of  the 
svstem.  If  this  occurs,  there  is  no  definite  manner  of 
determining   quickly   the    faulty   line   and    clearing   the 

T 


Fit;.  10— nouHLE  nus,  auxiliary  bus  system 

\\  ilh  the  new   bus  structure  located  at  some  distance 

from  the  old  structure. 

s\stem  of  the  trouble.  The  most  effective  means  of 
curing  this  source  of  trouble  is  to  ground  the  neutral 
(,f  the  system  permanently  either  directly  or  through  a 
grounding  resistance.  In  addition,  special  care  should 
be  taken  to  provide  all  lines  with  insulators  of  suffi- 
cient voltage  rating  to  provide  ample  factor  of  safety, 
and  with  proper  choke  coils  and  lightning  arresters. 
The  arresters  should  be  so  located  with  respect  to  the 
choke  coils,  that  short  and  straight  connections  can  be 
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made  between  the  arrester  and  the  Hne  and  between 
the  arrester  and  ground. 

Most  of  the  steel  companies  have  been  reluctant 
about  grounding  the  neutral  of  their  system.  They 
feel  that  for  the  commercial  power  companies,  havmg 
I-  wide  range  of  distribution  and  high  transmission 
voltage,  the  grounded  neutral  is  satisfactory.  In  their 
case,  however,  with  small  aixa  of  distribution,  with 
limited  number  of  lines  and  low-voltage  distribution, 
they  feel  that  very  little  additional  protection  will  be 
gained.  In  small  plants,  perhaps,  this  is  true.  How- 
ever, it  is  questionable,  due  to  the  very  fact  that  these 
plants  transmit  at  generator  voltage  direct  into  the 
machine  without  transformers,  thereby  losing  the 
choking  and  isolating  effect  of  the  transformer  wind- 
ings. With  the  larger  companies  having  several 
plants  tied  together,  there  is  no  question  but  that  the 
grounded  neutral  will  relieve  them  of  considerable 
trouble  and  add  to  the  reliability  of  service. 

In  the  case  of  one  of  the  large  steel  companies 
where  several  plants  are  tied  together,  experience  has 
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FIG,    II — THREE-PH.\SE   SHORT-CIRCUIT   CH.\R.\CTERISTICS 

Based  on  total  kv-a  rating  of  synchronous  machines. 
Initial  full  load  at  eighty  percent  power-factor  assumed. 
Initial   full  load  at  eighty  percent  power-factor  assumed. 

shown  that  a  break  down  or  arcing  over  at  one  point 
causes  simultaneous  or  successive  break  downs  at 
other  points.  For  example,  a  generator  broke  down 
at  one  of  these  plants  and  approximately  at  the  same 
time  a  motor  in  another  plant  a  mile  away  broke  down. 
These  disturbances  became  so  frequent  and  caused 
such  serious  delays  that  a  grounded  neutral  was 
recommended  as  the  best  means  of  relieving  the  sys- 
tem of  these  disturbances.  While  these  recommenda- 
tions were  not  at  the  time  carried  out,  they  are  now 
arranging  for  grounding  the  neutral  in  one  of  the 
plants. 

It  is  true  that  grounding  the  neutral  will  not  pre- 
vent all  the  first  cases  of  line  failure,  such  as 
insulator  break  down  or  punctured  windings  in  the 
apparatus,  but  subsequent  resultant  break  downs  sel- 
dom if  ever  occur.  This  is  due  to  the  fact  that  a 
ground  on  a  grounded  neutral  system  produces  a 
dead  short-circuit  or  a  "power"  arc.  In  either  case 
no  oscilllatory  surges  can  exist  to  produce  abnormal 
potentials  at  other  parts  of  the  system.  Therefore, 
with  the  elimination  of  subsequent  resultant  break 
downs,  practically  all  the  trouble  on  a  grounded  neu- 


tral system  will  be  confined  to  one  point,  with  the  cur- 
rent in  the  short-circuit  flowing  over  a  definite  path. 
This  becomes  of  double  importance  by  providing 
definite  knowledge  for  automatically  selecting  the 
feeder  in  distress  and  making  possible  selective  action 
of  the  relays. 

Usually  one  neutral  ground  for  a  system  is  suffi- 
cient, this    being    generally    at    the    generating    station. 


FIG.    12 — LOCATION    OF    CHOkE    COILS 

For  various  degrees  of  protection. 
However,  in  the  case  of  several  plants  tied  together,  it 
may  be  desired  to  ground  each  power  house  on  the 
system,  as  there  will  be  times  when  the  power  houses 
v.'ill  operate  separately.  With  this  separate  ground- 
ing of  each  power  house  there  is  liable  to  be  an  mter- 
change  of  current  between  ground  which  may  inter- 
fere with  the  telephone  circuits.  If  this  is  found  to 
bv  the  case,  only  one  power  house,  centrally  located, 
.-=hould  be  grounded  at  any  one  time. 

The  best  operating  condition  in  grounding  a 
power  house  is  to  run  a  neutral  bus.  The  neutral  of 
any  generator  can  be  connected  to  this  bus  through 
disconnecting  switches  and  single  pole  breakers.  This 
bus  is  then  grounded.  By  the  manipulation  of  the 
switches  any  otie'  of  the  machines  may  be  grounded, 
making  a  more  satisfactory  operating  condition  than 
if  only  one  machine  for  the  whole  station  was  selected 
for  grounding.  Fig.  13  shows  a  single  line  dia,gram 
of  a  power  house  grounded  through  a  neutral  bus. 

The  selection  of  the  proper  size  resistance  through 
which  the  ground  is  to  be  made,  is  a  problem  for  each 
installation.  On  a  system  already  installed,  it  may  not 
he   desirable    to    change    the    existing    relay    scheme. 


--<;KOU.\'niNG     OF     NEUTRAL     IN 
GENERATING    STATION 


1  herefore,  a  resistance  is  put  in  that  will  limit  the  cur- 
rent in  case  of  ground  to  at  least  twice  the  normal  rat- 
ing of  the  largest  feeder.  This  usually  will  give  suffi- 
cient current  to  make  rapid  action  of  the  relay  possible, 
and  still  not  permit  an  excessive  current  which  would 
interfere  with  telephone  service,  distort  machine  wind- 
ings or  cause   too  great   an   arc   at   the   ground   point. 
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ILsuall)-  systems  alread}-  installed  have  only  two  current 
iransformers  and  two  relays  for  overload  protection. 
Therefore,  when  the  neutral  is  grounded  a  third  tians- 
former  and  relay  is  added. 

If  the  ground  resistance  is  high,  permitting  a  com- 
I)aratively  small  current  to  flowf,  a  relay  scheme  such 
af  indicated  in  Fig.  14  is  used.  Relay  A  is  an  induction 
type  overload  relay  with  a  special  low  current  winding 
operating  on  j/^  to  lyi  amperes.  Thus  if  a  ground 
occurs  on  the  circuit,  the  sum  of  the  currents  in  the 
three  current  transformers  is  no  longer  zero,  and  the 
difference  will  flow  through  the  relay  A.     The  resist- 


KIC.     l^ — KE1..\V    ARKANCKMKNT    ON 

FKEDKUS    OK    A    GROUNDED    NEUTRAL 

SYSTEM 

ance,  should,  however,  be  of  sufficient  ohmic  value  to 
permit  enough  current  to  flow  to  operate  the  relay,  if 
a  ground  occurs  on  the  smallest  feeder. 

The  above  methods  of  grounding  the  neiUral  pro- 
vide for  the  tripping  of  the  particular  feeder  on  which 
the  ground  occurs,  either  instantaneously  or  after  a 
short  time  interval,  depending  upon  the  time  setting  of 
the  ground  relay.  This  may  not  be  desirable  in  all 
cases,  due  to  the  nature  of  the  load  on  the  feeders. 
Certain  operations  in  the  mill  may  require  completion 
before   the   circuit   be   interrupted.        Considerable   ex- 


pense and  trouble  may  be  involved  if  the  machinery 
v/ere  to  stop  before  the  steel  got  out  of  the  mill.  With 
some  mills  the  fly  wheel  effect  no  doubt  would  be  suffi- 
cient to  carry  the  steel  through ;  while,  with  others  the 
energy  stored  up  in  the  revolving  parts  of  the  ma- 
chinery may  not  be  sufficient.  In  this  case  a  longer 
time  setting  for  tripping  the  breaker  will  be  required 
than  can  be  obtained  with  either  the  standard  or  the 
special  J/2  to  ij/  ampere  relay.  Therefore,  a  special 
l-.ng  time  acting  relay,  permitting  of  a  time  setting  of  a 
few  seconds  to  several  minutes,  is  added  to  give  this 


FIG.    15 — GROUNDED    NEUTR.\L    CONNECTION 

With  special  relay  to  hold  the  feeder  in  service 
for  a  definite  length  of  time,  in  order  to  permit  the 
completion  of  a  mill  operation. 

tune  duration  necessary  to  complete  the  operation,  as 
shown  in  Fig.  15.  In  addition,  a  relay  similar  to  the 
'j  to  i^  ampere  relay  is  supplied  for  the  neutral 
ground  connection  to  ring  a  bell  indicating  a  ground. 
An  indicating  lamp  is  added  to  each  feeder  to  show  the 
operator  on  which  feeder  the  ground  has  occurred. 
This  permits  operator  to  issue  warning  if  necessary  that 
the  mill  operation  is  to  be  hastened  through.  An  am- 
meter is  provided  for  indicating  the  magnitude  of  the 
giound  current. 
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I'".  IJ.  i\hAviiui(V  and  C.  J.  1<"echheimer 

Power  Engineering  Dept., 

Wcstinghouse  Electric  &  Mfg.  Company 

When  the  built-in  detector  method  of  temperature  measurement  was  first  proposed  in  1913  and  1914, 
it  was  believed  that  it  provided  a  way  by  which  the  temperature  of  the  copper — inside  the  insulation — could 
be  very  closely  appio.ximatcd  by  a  device  installed  outside  the  insulation.  When  the  detector — be  it  thcrmo 
couple  or  resistance  coil — is  properly  installed,  it  docs  measure  a  temperature  much  nearer  the  inside  copper 
temperature  than  docs  any  other  established  method,  but  if  the  detector  is  not  properly  installed,  even  though 
located  between  coil  sides,  it  will  give  considerably  lower  results. 


DF.SIGNING  and  operating  engineers  are  in- 
terested in  armature  coil  temperatures  from 
two  different  standpoints;  they  are  interested 
in  the  effects  of  heat  on  the  insulation  and  from  this 
standpoint  are  concerned  that  the  temperature  at 
no  point  in  the  entire  winding  shall  exceed  the  safe 
operating  temperature  of  the  insulation ;  they  are  also 
interested  in  the  linear  exiiansion  of  the  straight  part 


*Reviscd  by  the  authors   from  a  paper  before  the  A.  I.  E. 
E.,  July  30.  1020. 


of  the  armature  coil  due  to  temperature  changes  and, 
from  this  standpoint,  they  are  interested  in  the  average 
temperature  of  the  entire  length'  of  the  coil  located  in 
the  armature  slots. 

The  ideal  measuring  device  from  the  standpoint 
of  the  effect  of  heat  on  insulation  is  a  detector,  such 
as  the  thennocouple,  that  will  measure  local  tempera- 
tures; although,  obviously  such  a  device  should  be 
located  where  the  highest  temperatures  exist.  The 
best  device  to  gage  the  effect  of  heat  in  causing  the 
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winding  to  "creep"  and  chaf«  the  insulation  is  a  de- 
vice, such  as  a  long  resistance  coil,  that  will  average 
the  temperature  along  the  length  of  the  armature  coil. 
A  discussion  of  errors  of  measurement  requires 
tiiat  some  standard  of  reference  be  established.  The 
only  satisfactory  reference  temperature  is  the  tem- 
perature of  the  copper  inside  the  insulation  as  obtamed 
by  direct  measurement.  In  general,  the  statements 
made  in  this  paper  are  based  en  tests  in  which  such 
actual  copper  temperatures  have  been  measured  by 
thermocouples  placed  in  contact  with  the  copper,  the 
leads  of  the  thermocouples  being  carried  through  the 
armature  coil  insulation.  These  inside  temperatures 
can  be  measured  accurately  and  can  be  checked  con- 
sistently. Practically  all  the  factors  that  lead  to 
errors,  when  temperature  detectors  are  located  on  the 
outer  surface  of  the  insulation,  disappear  when  ?.  flat 
ribbon  thermocouple  is  placed  in  metal-to-metal  con- 
tact with  the  copper  conductor. 

.  When  a  detector  is  placed  between  two  coil  sides 
in  a  slot,  the  detector  measures  the  actual  temperature 
inside  the  insulation  providing: — 


FIG.    I— ISOTHERMAL  LINES  IN   SLOT  INSULATION 

I — That  there  is  no  flow  of  heat  from  the  adja- 
cent sides  of  the  copper  in  the  upper  and  lower  coils 
tf  the  slot  sides;  and 

2 — That  there  is  no  difference  in  temperature  be- 
tween the  upper  and  lower  coil  sides.  In  practically 
sll  machines  both  are  present. 

FLOW  OF  HEAT  TO  THE  SLOT  SIDES 

The  longitudinal  conductivity  of  insulating  mate- 
rial is  considerably  greater  than  the  transverse*,  ap- 
proximately 1.5  to  4  times.  When  built  up  in  the 
usual  manner  around  a  coil,  the  transverse  conduc- 
tivity is  considerably  decreased,  so  that  the  longitudi- 
nal conductivity  may  be  three  to  ten  times  the  t^ans- 
verse. 

A  difference  in  temperature  between  two  bodies 
separate  by  a  thermal  conducting  medium  causes  heat 
to  flow  through  the  medium  in  much  the  same  m.inner 
as  a  difference  of  magnetic  potential  between  magnets 
causes  a  flow  of    magnetic    flux.     Thus    the   heat    flow 


lines  and  isothermal  lines  may  be  represented  in  the 
same  manner  as  magnetic  lines  of  force  and  magnetic 
equi-potential  lines.  In  Fig.  i  is  shown  a  portion  of 
a  slot  and  the  approximate  lines  of  heat  flow  as  well  as 
the  isothermal  lines.  As  drawn,  the  assumption  was 
made  that  the  insulating  material  was  isotropic,  not 
of  greater  conductivity  in  one  direction  than  the 
other.  It  is  evident  that  the  path  of  heat  flow  from 
tl;e  portion  of  the  copper  under  consideration  is  in 
part  transverse  to,  and  in  part  longitudinal  with,  the 
insulation.  In  accordance  with  this  figure,  tliere  is 
heat  flow  from  the  adjacent  sides  of  the  copper  in  the 
two  coils  to  the  slot  sides,  which  heat  flow  is,  in  the 
actual  case,  augmented  by  the  relatively  high  longi- 
tudinal thermal  conductivity.  The  particular  iso- 
thermal line  abc  is  at  that  temperature  which  is  re- 
corded by  the  detector  at  h,  and  the  drop  in  tempera- 
ture from  the  copper  to  the  detector  is  approximately 

T^,  X  temperature  difference  between  copper  and 
iron.  The  actual  case  is  too  complicated  to  admit  of 
accurate  analysis,  but  an  idea  of  the  difference  be- 
tween the  copper  and  detector  temperatures  can  be 
gained  from  data  on  the  12000  kv-a.  alternator  and 
small   model  given  in  this  paper.     The  importance  of 

— I [—    --] (— •        this  factor  depends  largely  on 

the  distance  between  copper 
conductors  in  the  upper  and 
lower  coil  sides.  It  may  have 
little  effect  in  low- voltage 
windings  but  may  be  of  con- 
siderable importance  in  1 1  000 
to  13  000  volt  generators  in 
which  the  copper  of  the  two 
coil  sides  is  separated  by  at  least  0.5  inch  of  insulation. 

DIFFERENCE      IN      TEMPERATURE      BETWEEN      THE      UPPER 
AND  LOWER  COILS 

In  practically  all  alternating-current  machines 
there  is  a  difference  in  temperature  between  the  copper 
in  the  two  coils,  in  which  case  the  detector  cannot  read 
higher  than  the  average  of  the  two.  Although  a  num- 
ber of  factors  may  contribute  to  such  difference,  most 
of  them  are  of  minor  influence,  and  only  eddy  currents 
induced  by  the  load  current  will  be  considered. 

Owing  to  the  rate  of  change  of  leakage  flux  due 
t--"  the  load  currents,  the  current  density  in  the  conduc- 
tors is  a  minimum  at  the  bottom  of  the  lower  coil,  and 
increases  with  increasing  depth  of  conductor.  Thus, 
the  loss  in  the  upper  coil  is  greater  than  in  the  lower 
coil,  and  consequently  the  temperature  of  the  upper 
coil  is  usually  higher  than  that  of  the  lower.  A  strik- 
ing example  of  this  was  shown  by  the  tests  on  the 
original  Niagara  generators.*  Those  tests  showed 
that  with  a  load  of  980  amperes,  the  maximum  tem- 
perature of  the  top  coil  was  224  degrees,  of  the  bottom 
toil    168  degrees    (the  average  of  which  was   196  de- 
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FIGS.    2   AND   3 — ARRANGE 
MENT   OF    SLOT    CELLS 


*"The  Thermal  Conductivity  of  Insulating  and  Other  Ma- 
terials"— T.  S.  Taylor,  in  the  Journal  for  Dec.,  1919. 


*"Experimental  Data  Concerning  the  .Safe  Operating  Tem- 
perature for  Mica  Armature-Coil  Insulation'' — F.  D.  Newburv, 
A.  1.  E.  P...  Vol.  XXXIV,  p.  2-47. 
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grees),  whereas  the  couple  between  coils  showed  185 
degrees.  Thus,  the  diflference  between  the  top  coil 
temperature  and  that  given  by  the  couple  between  coils 
was  39  degrees.  While  this  is  admittedly  an  extreme 
case  due  to  the  use  of  solid  bars  in  a  two-layer  wind- 
ing, eddy  current  conditions,  even  when  all  possible 
precautions  are  taken,  are  an  important  factor  of  de- 
sign in  the  larger  60-cycle  generators  of  the  present 
day. 

The  eddy  current  loss  in  the  top  coil  is  reduced  by 
the  throw  of  the  coils.  Thus,  if  there  are  three  phases 
with  the  usual  six-phase  grouping,  and  the  thro\,'  of 
the  coils  is  two-thirds  of  full  pitch,  the  load  currents 
in  the  upper  and  lower  coils  are  displaced  from  each 
other  by  60  electrical  degrees.  The  density  of  the 
leakage  flux  interlinking  the  upper  coil  is  reduced  by 
tlie  displacement  and  the  eddy  loss  is  lowered  thereby. 
If  the  throw  of  the  coils  is  one-third  of  full  pitch  with 
three-phase  winding  (six-phase  grouping),  the  cur- 
rents in  the  upper  and  lower  coils  are  out  of  phase  by 
120  electrical  degrees.  The  reduction  in  eddy  loss  in 
the  upper  coil  is  greater  when  the  displacement  be- 
tween currents  is  changed  from  60  to  120  degrees  than 
\.hen  it  is  changed  from  o  to  60  degrees. 

If  in  a  three-phase  machine  the  throw  of  the  coils 
i?  between  full  pitch  and  two-thirds  pitch,  in  some  of 
the  slots  the  currents  in  the  two  coils  are  in  phase  with 
each  other,  and  in  other  slots  the  currents  are  displaced 
by  60  degrees.  Hence,  there  is  a  difference  in  edd}' 
loss  in  the  top  coil  in  some  slots  from  that  in  other 
slots.  Similarly,  with  a  throw  between  one-third  and 
two-thirds,  the  eddy  loss  differs  in  some  slots  from 
that  which  obtains  in  other  slots. 

In  a  two-phase  machine  with  a  throw  of  coils  be- 
tween one-half  and  full  pitch,  some  slots  have  coils  in 
which  the  currents  are  in  phase  and  other  slots  have 
coils  in  which  the  currents  are  displaced  by  90  de- 
grees. If  the  throw  is  less  than  90  degrees,  in  rome 
slots  the  currents  are  in  phase  opposition,  which  fives 
the  minimum  loss. 

Ill  a  three-phase,  two-pole,  60-cycle,  turbogenera- 
tor that  has  been  in  service  for  about  six  years,  with 
fairly  deep  conductors  in  the  coils,  there  are  36  slots, 
and  the  throw  of  the  coils  is  from  slot  /  to  slot  12. 
Thus,  the  throw  is  between  one-third  and  two-thirds 
of  full  pitch.  Tests  showed  that  with  60  electrical 
degrees  phase  displacement  the  temperature  rise  by 
thermocouple  between  coils  was  63  degrees  C, 
whereas  with  120  degrees  phase  difference,  the  tem- 
perature rise  was  56  degrees ;  a  difference  of  seven 
degrees.*  It  is  therefore  evident  that  the  temperature 
detectors  should  be  located  in  slots  in  w'hich  there  is 
minimum  phase  difference  between  the  currents  in  the 
upper  and  lower  coils. 

rROTr.CTION    OF  DETECTOR    FROM   THE    COOLING  AIR 

With    the    usual    two    coil    per    slot    arrangement 


there  are  two  methods  of  wrapping  the  mechanically 
protecting  slot  cell  around  the  coils,  viz. : — 

I — To  place  these  cells  on  coils  individually  as  shown 
in  Fig.  2,  or, 

2 — To  use  a  single  slot  cell  to  wrap  both  coils  as  indi- 
cated in  Fig.  3. 

With  the  usual  radial  scheme  of  ventilation  (that 
is,  with  air  ducts  at  intervals  axially),  it  would  .seem 
that  there  is  likelihood  of  the  cool  air  passing  between 
coils  and  cooling  the  detector  below  the  temperature 
that  would  otherwise  be  read.  This  cooling  air 
would  not,  however,  have  an  appreciable  effect  upon 
the  temperature  of  the  coils,  because  the  percentage 
increase  in  surface  exposed  to  the  cooling  air  is 
negligible. 

TESTS   ON    A    12  000    KV-A.,   THREE-PHASE,   60-CYCLE, 
6600-VOLT,    150   R.P.M.,    VERTICAL   ALTERNATOR 

The  stator  of  the  alternator  had  the  following  di- 
mensions : — 

Internal  diameter  =  192  inches 

External  =  2CH)  inches 

Core  width  :=  2>i  inches 

Number  and  size  of  radial  vents  =  13.  half-inch 
Number  and  size  of  slots  =  324,  0.79  by  345  in. 

Number  of  conductors  per  slot      =  4 

Size  of  conductor  =  4(0.162  by  0.25  in.  bare) 

4(0.129  by  0.21  in.  asbes- 
tos covered) 
Section  of  conductor  =  0.264  sq.  in. 

Arrangment  of  conductor  shown  in  Fig.  4. 
Connection,  two-circuit  star. 
Throw  of  coils  I  and  ". 

In  order  to  make  tests  with  thermocouples  on  the 
bare  copper,  these  couples  were  installed  in  coils  near 
the  neutral  point,  and  the  neutral  was  grounded  dur- 
ing the  tests.     In  addition  to  these  couples,  the  two- 

12,000  KV-A  ALTERNATOR  TEMPERATURE  RISES.  DEGREES  C. 


*The   temperatures   were   measured   by   means   of   thermo- 
couples between  coil  sid<!s,  not  on  the  bare  copper. 


FIG.    4 — TEMPERATURES   OliTAlNEP   IN   A    12  000   KV-A,  660O  VOLT 
ALTERNATOR 

cell,  and  the  one-cell  arrangements  were  used — two 
cells  from  the  center  line  of  the  machine  to  the  right, 
and  one  cell  to  the  left.  The  thermocouples  were 
placed  in  the  iron  adjacent  to  the  central  vent. 
'1  hermocouples  were  also  embedded  in  the  iron 
axially,  at  the  middle  of  the  package  to  the  right  of  the 
central  vent,  as  shown  in  Fig.  4. 

Two  heat  runs  were  made :  first  at  6(5oo  volts,  960 
amperes  per  phase  until  a  constant  temperature  was 
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reached;  then,  without  shutting  dcwn,  the  voltage  was 
raised  to  7260,  the  current  being  kept  at  960  amperes. 
Both  runs  were  made  at  nearly  zero  power- factor,  lag- 
ging. The  summar}'  of  these  heat  runs  is  given  in 
Fig.  4.  The  ingoing  air  temperature  was  31  degrees, 
so  that  for  the  first  heat  run  the  total  temperature  of 
the  top  coil  was  about  107  degrees  C.  The  calculated 
eddy  current  loss  for  the  top  coil  is  48  percent  of  the 
PR  loss*.  The  PR  loss  at  zero  degrees  C.  with  960  am- 
peres, per  inch  of  length  per  coil  is  1.09  watts.  The 
average  surface  (taken  as  bare  copper  surface  plus 
three  times  the  distance  from  copper  to  iron)   is  3.31 


thermocouple  readings  in  the  tteth  and  just  back  of 
the  teeth.  Taking  the  air  in  the  vents  at  the  teeth  to 
be  10  degrees  above  the  ingoing  air  (for  second  run 
13  degrees)  the  weighted  mean  temperature  of  iron 
and  air  is: 

48.5  dcg.  X  26/2  in.  +  10  dc(j.  X  6/2  in. 

-^^-^ : =  40.8  degrees  rise 

3i  "'• 
The  temperature  of  the  copper  above  the  ingoing 
air  is  then:  36.2  -f  40.8  =  77  degrees;  whereas  the 
average  temperature  rise  by  test  of  the  top  coil  in  the 
slot  which  showed  maximum  temperature  was  76  de- 
grees. The  calculations  do  not  allow  for  axial  flow 
of  heat  in  the  copper  to  the  ends,  but  the  decrease  in 
temperature  at  the  middle  due  to  longitudinal  flow  in 
this  machine  is  not  great. 

The  calculations  are  summarized  in  Table  I. 


I  1 

I    6600  Volts     I    7260  Volta 
I  960  Amperes  I  960  Amperes 


I 
Weighted  m«an   of  tooth   and   air   temp..| 

Thermal    drop    through    insulation 1 

Calculated    copper    temp,    rise    ^  sum    of| 
above    


of    the 


coil 


slot 


ha 


temp,    (test) 1 


This  close  agreement  between  the  calculated  r.nd 
observed  drop  in  temperature  through  the  insulation 
rnder  two  different  load  conditions  indicates  the  over- 
all consistency  and  reasonableness  of  the  test  results, 
and  permits  us  to  draw  conclusions  from  them  with 
added  confidence.  Attention  is  especially  called  to 
fr.ct  that  the  drop  through  the  insulation  cannot  be 
altered  by  a  change  in  ventilation,  except  for  a  slight 
change  in  loss  due  to  the  resistance  being  modified  by 
a  change  in  total  temperature.  The  only  way  the  beat 
c;n  be  dissipated  from  the  copper  is  by  conduction 
through  the  insulation;  some  of  the  heat  may  flow 
longitudinally  but  still  must  be  conducted  through  the 
insulation  on  the  coil  ends  and  then  be  liberated  by 
convection  from  the  surface. 


FK;.    5 — MdDEL  OF  ARM.\TURE   SLOTS 

sq.  in.,  the  thickness  of  the  single  wall  =  distance 
copper  to  iron  is  0.154  inch;  the  thermal  conductivity 
of  the  insulation  we  shall  take  as  0.003  watts  per  inch 
cube  per  degree  C.  Then  the  watts  per  square  inch 
at  107  degrees  C.  ^ 

(i  -I-  0.00427  X  107)  1.48  X  1.09 

r:=   0.707 

3-31  '    ' 

The  thermal  drop  from  the  copper  to  the  iron  is 
0.707  X  0.154 


I  I 

1  G6OO  Volts  I  7260  Volts 
I  960  Amperes  I  960  Amperes 
I       Degrees       i      Degrees 

I  I 


Average  temp,  rise  of  top  coil  in  slot  hav-| 

ing    max.    temp j 

Couples  (  Max.  temp,  rise  single  slot  cell  i 
between  s  Max.  temp,  rise  double  slot  cell  I 
coils  I  I 

Average  temp,  rise  bot.  of  slot | 

Average    temp,    rise    teeth 1 


76. 


appro.ximately : 


=  36.2  degrees  C. 


The  temperature  rise  of  the  iron,  48.5  degrees  C. 
in  the  first  run,  is  taken  as  the  mean  of  the  maximum 


*See  paper  by  R.  E.  Gilman  on  "Eddy  Currents,"  presented 
at  A.  I.  E.  E.  36th  Annual  Convention,  1920. 


The  readings  may  be  summarized  still  further  as 
in  Table  II,  from  which  it  will  be  seen  that: — 

I — There  is  a  very  material  difference  between  the  true 
copper  temperature  and  the  temperature  as  measured  by 
means  of  detectors  between  coil  sides ;  12  degrees  and  i<) 
degrees  for  the  6600  and  7260  volt  heat  runs  respectively. 
These  differences  are  due  to  a  combination  of  effects,  such 
as  heat  flow  to  the  sides,  and  difference  in  temperature 
between  upper  and  lower  coils.  Expressed  as  a  percentage 
of  the  total  drop  in  temperature  from  the  copper  to  the 
weighted  mean  of  iron  and  air  (76 — 40.8  degrees  for  the 
first  run),  these  differences  are  34  per  cent  for  the  first 
and  51  per  cent  for  the  second  heat  run. 

2 — The  temperature  reading  is  lower  with  the  two-cell 
arrangement  than  with  one  cell.     This  amounts  to  5.3  de- 
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grccs  for  the  first  and  5.5  degrees  for  the  second  heat  run. 
The  differences  between  the  maximum  temperature  on  the 
copper  and  the  maximum  temperature  by  detector  with  two 
cells,  arc  49  and  65  per  cent  of  the  total  drop  for  the  first 
and  second  runs  respectively.  The  various  figures  arc  put 
in  more  convenient  form  in  Table  III. 


TABLE  III 

1 
6600-VoH  Run    | 

7260-Volt  Run 

Percent  |1 

Percent 

Total 

Total 

■■ 

Degrees 

Drop 
in  Insula- 
tion 

Degrees 

Drop 
in  Insula- 
tion 

Difference   between   max.   cop- 

per    temp,    and    ma.\.    detec- 

tor reading  with   one   cell.. 

12. 

34 

19.1 

51 

Difference  between   max.    cop- 

per  temp,    and  max.  detector 

reading  with   two   cells.... 

17.3 

49 

24.6 

65 

3— There  is  a  considerably  greater  difference  between 
the  maximum  and  minimum  readings  with  the  detectors 
exposed  to  cooling  air,  as  in  the  two-cell  arrangement,  than 
with  the  detectors  in  contact  with  the  copper  or  between 
coils  but  protected  from  air  currents.  This  is  shown  by  the 
following  figures  from  Fig.  4. 


Ratio 
0.91 


Clouples   on   copper 78  3 

Couples  bet.   coils  one-slot   cell 64.  „„  .,  „  „„ 

Couples  bet.   coils   two-slot   cell 58.7  43^5  0^74 

This  is  a  matter  of  considerable  importance,  as  it  is  a 
measure  of  the  reliability  of  the  readings  by  the  several 
methods.  The  greater  variation  in  the  case  of  the  two-slot 
cell  arrangement  is  possibly  due  to  the  greater  effect  of 
poor  contact  between  the  coil  surfaces  and  the  detector 
when  the  detector  is  exposed  to  air  currents. 

4— The  average  temperature  rise  by  couple  at  the 
bottom  of  the  slot  is  not  much  higher  than  the  average 
temperature  rise  of  the  teeth.  The  thermocouple  at  the 
bottom  of  the  slot  measures  the  iron  temperature  at  that 
spot  and  cannot  read  the  copper  temperature.  The  differ- 
ence between  the  two  readings  is  quite  small,  but  that  can 
be  readily  understood  when  one  considers  that  there  is  con- 
siderable (low  of  heat  from  the  coil,  which  must  be  accom- 
panied by  a  thermal  drop  in  the  iron;  the  longitudinal 
thermal  conductivity  of  the  iron  is  only  about  one-ninth 
that  of  copper. 

Further  conclusions  may  be  drawn  1)\-  reference 
to  Fig.  4. 

5---The  temperatures  by  thermometers  on  the  end  wind- 
ings give  practically  no  information  in  regard  to  the  maxi- 
mum copper  temperatures. 

6— The  temperature  rise  by  resistance  is,  at  best,  the 
average  resistance  of  the  complete  winding  and  therefore 
conveys  no  information  in  regard  to  maximum  temperature, 
and  little  information  as  regards  the  average  temperature 
in  the  slots. 

TKST.S    WITH    AKMATURE    MODICL 

In  iMg.  5  are  shown  the  details  of  a  model  de- 
signed to  reproduce  the  temperature  conditions  in  a 
radially  ventilated  armature  core  from  which  data  of 
interest  can  be  obtained  more  conveniently  than  in  the 
actual  generator.  This  model  consists  of  sheet-steel 
laminations  having  two  armature  slots  and  built  up 
into  a  core  of  four  packages  with  one-half  inch  air 
ducts  between.  Two  flat  coils  (connected  in  series) 
wound  with  small  wire  are  located  in  the  two  slots.  A 
second  sheet  steel  core  one  inch  thick,  is  placed  over 
the  slots  to  complete  the  magnetic  circuit.  The  coils 
v.ere  insulated  with  mica  of  a  thickness  sufficient  for 
a  6600  volt  generator. 

In  Fig.  6  are  shown  elevations  of  the  model  when 
placed  in  a  wooden  box  with  a  small  Sirocco  fan  iised 
tor  driving  air  through  the  vent-ducts. 

In  Fig.    5,    C„    C„,   etc.,   /„   I^,   etc.,    all    refer   to 


thermocouples,  the  C  couples  being  placed  between 
coils,  thus  measuring  coil  teinperatures,  and  the  / 
couples  being  imbedded  in  the  iron.  i?„  i?,,  R^',  i?/, 
are  resistance  exploring  coils.  Couple  C^  is  placed 
within  R^;  C/  is  within  R^';  C,  is  within  R^;  and  C/ 
is  within  R„'.  C^,  C^,  and  C/  are  above  the  resistance 
exploring  coils.  As  shown  7?,  and  R/  are  substan- 
tially the  entire  width  of  the  slot;  R„  and  /?,'  are  each 
about  9-16  in.  wide.  In  slot  No.  i,  the  slot  cell  was 
made  in  two  parts  as  in  Fig.  2.  In  slot  No.  2  only  one 
slot  cell  was  used  for  parts  of  two  coils  in  a  slot  ns  in 
Fig.  3.  Thus,  in  slot  No.  i,  the  air  in  the  vent-ducts 
could  strike  the  detectors  and  effect  their  indication, 
as  is  proved  by  the  results.  To  show  that  there  was 
no  appreciable  difference  between  the  two  slots,  data 
v/as    also    taken    with    all    space   bet\veen    coils    closed 


with  a  packing  of  litharge  and  glycerine.  In  Table 
IV  the  data  from  the  heat  runs  with  20  amperes  60 
cycles  are  given. 

TABLE  IV — TEMPERATURE  RISES,   DEGREES. 
Tost   with   Alternating    Current,    20    Amperes,    60    Cycles 
Approximately    374    Volts 
Amperes  per  sq.  inch  rr:  1870. 

Ap])rox.   tooth   density  r=  92.000  lines  per  sq.   inch 

Approx.   core  density  =73,000   lines  per  sq.  inch 

Approx.  gap  density  :=  51,200  lines  per  sq.   inch 

Eddy  current  loss  top  coil     =;  0.39  x  1-R. 
Coils 


Slot  No.  1 

Slot  No.  2 

Slot  No.  1 

Slot  No.  2 

or 

—   30.6 

CI   —  44.6 

CI'  —  47.5 

01  —  43.5 

V,?.' 

—    34.5 

02   —   45.2 

C2'  —  43. 

02   —   39.5 

c:v 

—   38.6 

C3  —  48.2 

C3'    —    43. 

03   —   41.0 

cr 

—   34.6 

C4  —   50.4 

C4'   —   46.5 

04   —   44.0 

Ch' 

—   32. 

05  —  48.5 

05'   —   45.5 

05   —   45.0 

06' 

—  55.2 

06  —  54.5 

06'   —   54.5 

06    —    54. 

<-,r 

—  58. 

07  —   59.6 

07'   —    58.5 

07  —  58.5 

R1' 

—  32.5 

Rl  —  45. 

Rl'    —   43.7 

Rl   —  41. 

ivy 

—   33. 

R2   —   48.8 

R2'  —  44.9 

R2  —  42. 

Dnt 

ire  winding  by  resis.  ;=  54  deg. 

53  deg 

1, 

:is  !i 

1,       305 

1,        41. 

1 ,     .-io. 

1,  - 

31  .1 

I  ,        US  ,s 

1  .       3:1  .i 

1 .        .I.i  5 

The  temperature  in  the  slot  with  two  cells  was 
materially  lower  than  in  the  slot  with  one  cell,  whether 
measured  by  thermocouples  or  resistance  coil.  Fidile 
V  was  made  up  in  the  same  manner  as  Tables  I  and 
II;  thermal  conductivity  w-as  taken  as  0.003  watts  per 
inch  cube  per  degrees  C.  The  air  temperature  rise 
was  taken  as  three  degrees  above  the  ingoing  air  for 
figuring  the  weighted  mean  of  tooth  and  air  tempera- 
tures. 
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TABLE    V 

Weighted  mean  of  tooth  and   air  temp —  26 

Thermal    drop    through    insulation     z=.  29.5 

Calculated   copper  temp,  rise  r=:  sum  of  above  ^ ^^  55.5 

Average  temperature  rise  of  coi)per  top  coil,  test '.  .  .  ^^  56.6 

Couples  between         Max.  temp.  ris.e  single  slot  cell ^  50.4 

coils  Max.   temp,  rise  double  slot  cell ^   38. 6 

Using  the  same  method  of  calculation  as  for  the 
12  ooo  kv-a.  alternator,  and  using  58.8  degrees  for  the 
internal  temperatures  (the  average  of  the  Cj  couples), 
Table  VI  is  obtained: 

TABLE    VI 


1 

1 
Degrees     j 

Per  Cent 

of  Total 

Drop  in 

Insulation 

Difference  between  copper  temp,  a 
detector    reading    with    one    cell. 

Difference  between  copper  temp,  a 
detector  reading  with   two   cells. 

nd 
iid' 

™- 

1 

8.4        1 

1 

20.2        1 

1 

25.6 
61.5 

A 


f"  <^^  1  "^^ 


that : 


FIG.   7 — MODEL  WITH   ADDITIONAL   INSULATION 

From    the    tests    on    the    Model    it    will    be    noted 


I— The  air  which  passes  between  coils  with  the  two-cell 
arrangement  very  materially  lowers  the  reading  of  the  de- 
tectors, whether  thermocouples  or  resistance  coils  are  used. 

2 — The  air  which  passes  between  coils  with  the  two-cell 
arrangement  has  no  influence  upon  the  internal  tempera- 
tures (coinpare  tests  without  packing  with  those  with  pack- 
ing; also  compare  Cn  and  C-.  readings  in  two  difl'erent  slots 
in  the  test  without  the  glycerine  and  litharge  packing). 

3— With  any  detector  arrangement  between  coils,  the 
temperatures  indicated  are  lower  than  the  maximum. 

4— The  wide  resistance  coils  7?,  and  i?/  showed  slightly 
lower  temperatures  than  did  the  narrow  coils,  due  un- 
doubtedly to  heat  flow  to  the  sides.  (Althou.gh  the  same 
argument    applies    to    the    thermocouples,    they    can    more 


readily  be  made  narrow,  and  the  usual  practise  is  to  make 
them  narrower  than  is  mechanically  feasible  with  resistance 
coils). 

5 — The  thermocouples  showed  slightly  higher  tempera- 
tures than  the  resistance  coils,  but  the  difference  was  too 
small  to  warrant  much  discussion  other  than  as  noted  under 
4  above. 

The  fact  that  the  temperature  rise  by  resistance 
agreed  fairly  well  with  the  average  of  the  thermo- 
couples, inside  the  top  coil,  may  be  accounted  for  as 
follows ; — 

I — The  ventilation  of  the  ends  was  very  poor  (air  was 
allowed  to  pass  through  5^-inch  hole)  and  therefore  the 
temperature  at  the  ends  was  probably  higher  than  in  the 
slots,  thus  raising  the  average  temperature ;  and 

2 — Very  little  time  was  lost  between  shut-down  and 
taking  of  reading  of  resistance.  Neither  of  these  condi- 
tions can  be  obtained  in  a  large  alternator — the  ends  are 
very  effectively  cooled,  and  there  is  a  considerable  lapse  of 
time  after  shutting  down  before  readings  can  be  taken. 
The  latter  statement  implies  that  in  a  machine,  the  average 
temperature  is  higher  than  can  be  measured  by  resistance. 

FURTHER  TESTS  ON  AN  ARMATURE  MODEL 

In  order  that  additional  proof  might  be  secured, 
by  a  detector  placed  between  coil  sides,  of  the  influ- 
ence upon   the   reading    (a)    of   heat   flow   to   the   slot 


^ 


FIG.    8 — TEMPERATURE   RISES    IN    MODEL 

sides,  (b)  of  width  of  detector,  (c)  of  difference  in 
losses  in  the  upper  and  lower  coils  due  to  eddy  cur- 
rents, an  armature  model  similar  to  the  one  shov/n  in 
Fig.  5,  was  built,  Fig.  7.  This  model  differed  only 
from  the  previous  one  in  that  additional  insulation  was 
placed  between  coil  sides,  consisting  of  14  layers,  each 
0.015  inch  thick  of  treated  cement  paper  and  mica, 
and  in  the  arrangement  of  the  thermocouples.  Those 
indicated  as  Cj  to  C24  inclusive  were  made  of  No.  27 
B.  &  S.  gage  copper  and  advance  wire;  those  inside 
the  coils  C25  to  C32  inclusive  were  made  of  0.005  by 
0.25  in.  copper  and  advance  ribbons. 

Tests  were  made  on  this  model  with  direct  cur- 
rent, so  that  there  was  no  eddy  current  loss;  in  order 
to  imitate  the  greater  loss  in  the  upper  coil  which 
ujually  obtains  when  alternating-current  flows,  differ- 
ent values  of  direct  current  were  used  in  the  two  coils. 
In  Fig.  7  there  are  thermocouples  in  correspond- 
ing positions  in  slots  /  and  2,  and  in  Fig.  8  the  aver- 
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ages  of  the  temperature  rises  are  recorded  for  sym- 
ruetrical  points,  above  the  ingoing  air  in  degrees  C. 
Ii,  Fig.  8  the  temperatures  are  averaged  from  two 
thermocouple  readings,  except  those  at  the  middle  of 
the  extra  insulation  between  coils,  the  recorded  tem- 
[lerature  rises  then  being  the  average  of  four  readings. 

A  study  of  the  20  ampere  and  25  ampere  heat 
runs  shows  that  they  are  consistent,  if  due  allowance 
is  made  for  the  increase  of  the  resistance  of  copper 
with  temperature,  and  for  the  weighted  mean  of  iron 
and  air  temperatures.  The  third  heat  run,  with  dif- 
ferent values  of  currents  in  the  two  coils,  is  also  as 
consistent  with  the  first  two  runs  as  may  be  expected 
with  temperature  tests,  due  allowance  having  been 
made  for  iron  temperatures. 

It  will  be  noted  that: — 

.1— There  is  a  large  difference  in  temperature  between 
the  inside  and  outside  of  the  coil  insulation. 

2 — There  is  a  comparatively  small  difference  in  tem- 
perature between  the  outside  of  the  coil  insulation  at  the 
center  of  the  slot  and  the  middle  of  the  extra  insulation. 

3— There  is  a  marked  temperature  gradient  from  the 
center  of  the  slot  to  the  slot  sides. 

4— With  different  values  of  current  in  the  two  coils, 
there  is  a  greater  departure  of  temperature  at  the  mid- 
point between  coils  from  the  copper  temperature  in  the 
upper  coil  than  with  equal  currents  in  the  two  coils. 

5 — Although  the  internal  temperatures  of  the  two  coils 
are  substantially  the  same  at  symmetrical  spots  with  equal 
Coil  No.  1  Coil  No.  2  Coil  No.  3 


FIG.      9 — .\KR.\N<;EMEN-r 

OF  CONIHTCTOKS   IN 

A  SLOT 


FIG.    10 — TR.\NSPOSITION  OF  STR.VNDS 


currents,  there  is  a  considerable  difference  between  the 
temperatures  on  the  outside  of  adjacent  coil  sides. 

6— The  internal  temperatures  for  symmetrical  spots  in 
the  two  runs  with  equal  currents  on  the  two  coils  differed 
very  little  from  each  other. 

7— The  internal  temperatures  at  the  top  of  the  upper 
coil  and  at  the  bottom  of  the  lower  coil  were  lower  in  all 
three  runs  than  the  internal  temperatures  in  the  sides  of 
the  coils  adjacent  to  each  other.  ' 

The  data  prove  the  statements  given  previously 
that  there  is  appreciable  heat  tlow  to  the  slot  .sides; 
that  the  detector  between  coils  dees  not  read  the  true 
copper  temperature;  and  that  the  width  of  the  de- 
tector influences  the  reading. 

Conclusion  5  brings  out  the  fact  that  there  may  be 
discrepancies  of  considerable  magnitude  as  a  result  of 
unequal  thermal  conductivities  in  the  insulating  wall. 
Although  there  may  have  been  minor  factors  which 
affected  the  temperatures  at  the  outside  of  the  coils, 
the  difference  in  thermal  conductivities,  due  perhaps 
to  better  surface  contacts  between  layers  of  insulation 
on  one  coil  side  than  the  other,  permitted  greater  late 
of  heat  flow  from  the  upper  coil  than  from  the  lower. 
That  the  internal  temperatures  were  only  slightly  in- 
fluenced thereby,  is  probably  because  the  rate  of  heat 
flow  from  the  other  sides  were  nearly  equal  in  the  two 


coils.  The  temperature  rises  of  symmetrical  points  in 
the  two  slots  also  were  different.  Thus,  in  the  25 
ampere  run,  the  temperature  rises  at  positions  C^  and 
^15  (F'S-  7)  were  44  and  53  degrees  respectively,  an 
average  of  48.5 ;  and  for  C„  and  Cji,  57  and  54.5  de- 
grees, an  average  of  55.7  degrees. 

If  conclusion  6  were  applicable  generally,  the  lem- 
1-eratures  on  the  copper  could  be  taken  in  a  sm-iller 
number  of  places  in  a  machine  than  with  the  usual 
method  with  detectors  between  coil  sides.  Data  in 
Fig.  4  and  in  conclusion  j  following  Table  III  also 
show  that  the  percentage  difference  is  smaller  for  in- 
ternal differences  than  between  coil  sides. 

Conclusion  7  should  be  considered  in  conjunction 
V,  ith  the  following  paragraphs  which  relate  to  the  "Lo- 
cation of  the  highest  copper  temperature".  Owing  to 
the  relatively  high  thermal  conductivity  of  the  fibre 
wedge  (the  wedge  was  thinner  than  those  ordinarily 
used)  the  rate  of  heat  dissipation  froin  the  top  of  the 
upper  coil  was  sufficiently  great  to  reduce  the  tempera- 
ture below  that  of  the  copper  at  the  bottom  of  the 
same  coil. 

ERRORS    IN    DETERMINATION    OF   TEMPERATURES    BY    H. AG- 
ING  DETECTORS    BETWEEN    COIL   AND   IRON    OR 
UNDER   WEDGE 

— p r —  Previous    reference    to    errors 

by  this  method  has  been  made.  A 
test  on  another  machine  will  show 
the  futility  of  attempting  to  meas- 
ure copper  temperature  with  de- 
tectors, say,  between  bottom  of 
coil  and  slot,  and  between  coil  and 
wedge. 

A  3750  kv-a.,  three-phase,  60- 
cycle,  480-volt,  3600  r.p.m.  turbo- 
generator was  wound  with  one  coil  side  per 
slot,  one  turn  per  coil,  the  connections  being  two- 
circuit  star.  The  arrangement  of  the  conductors 
in  the  slot  is  shown  in  Fig.  9,  there  having  been  72 
strands  per  conductor,  each  0.102  by  0.205  '"•  ^-  '^-  '^• 
The  coils  were  turned  over  at  the  ends;  that  i.:.  a 
si  rand  at  the  top  of  a  coil  in  one  slot  becam-  the 
bottom  strand  in  the  slot  in  which  the  other  part  of 
the  coil  was  placed.  In  addition  the  strands  were 
transposed  depthwise,  as  indicated  schematically  in 
Fig.  10.  There  were  36  slots  total,  so  that  the  .ncm- 
ler  of  coil-sides  per  pole  per  phase  per  circuit  was 
tlircc.  The  three  coils  in  such  a  phase  group  fonned 
a  group  for  transposition.  Thus,  starting  at  th-  be- 
ginning of  a  phase  group,  all  the  strands  were  joined 
together  at  one  end  of  the  coil,  but  at  the  other  end  the 
7'j  strands  were  arranged  in  12  groups,  of  six  strands 
each.  The  top  left  group  at  the  beginning  of  coil  No. 
:  becomes  the  bottom  left  group  at  the  end  of  coil  No. 
I.  To  simpHfy  the  sketch  in  Fig.  8,  the  left  side--  of 
the  12  groups  of  coil  No.  i  are  .shown  joined  in  paral- 
lel ;  these  are  the  beginnings  of  the  coil  group.  Ai  the 
other  end  of  coil  No.  i,  the  position  of  the  groups  is 


i  (Back  of  Corel  iV 
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actually  inverted.  Then,  the  top  left  group  which  is 
actually  the  bottom  left  in  coil  No.  i  is  joined  to  the 
third  left  group  in  coil  No.  2 ;  and  the  other  end  of 
that  group  is  joined  to  the  tifth  left  group  in  coil  No. 
3,  etc. 

Thermocouples  were  placed  at  the  middle  of  the 
straight  parts  of  a  coil,  before  the  coils  were  insulated, 
and  couples  were  also  placed  at  the  bottom  and  top 
of  the  slot,  as  shown  in  Fig.  11.  In  the  same  figure, 
the  final  temperature  rises  are  indicated  for  a  heat  run 
at  4100  amperes  per  phase,  normal  voltage,  zero 
power-factor. 

Calculating  the  drop  through  the  insulation  ^n  the 
manner  previously  explained,  allowing  0.091  in.  for 
the  thickness  of  the  insulation;  0.3  for  the  watts  per 
sq.  in.  at  o  degrees ;  0.2  for  the  eddy  loss  as  fraction 
of  PR;  1.32  for  the  increase  in  resistance  due  to  tem- 
perature ;  0.0025  for  the  thermal  conductivity  ;*  the 
drop  is : 

1.2  X  1-32  X  0.091  X  0.3 

: ^=  17.3  degrees. 

0.0025  '  -^       " 

The  weighted  mean  of  iron  (34  degrees)  and  air 
(say  10  degrees)  for  relative  lengths  of  3.33  to  i  is 
28.4  degrees.  The  mean  of  the  three  temperatur-^s  in- 
side the  coil  is  47  degrees,  and  the  drop  is  47  —  28.4  = 
18.6  degrees  as  compared  with  17.3  degrees  calculated. 
It  will  be  noted  that : — 

I — The  detector  at  the  bottom  of  the  slot  or  under  the 

wedge  does  not  indicate  the  temperature  of  the  copper. 
2 — The  maximum  temperature  of  the  copper  is  probably 

not  at  either  the  top  or  at  the  bottom  of  the  coil. 

3 — The  cool  currents  of  air  above  the  wedge  may  cause 

the  detector  below  it  to  read  lower  than  one  at  the  bottom 

of  the  slot,  even  though  the  copper  at  the  top  is  at  higher 

temperature. 

As  a  matter  of  fact,  as  was  pointed  out  in  com- 
menting upon  the  tests  on  the  12  000  kv-a.  alterna- 
tor, the  detector  at  the  bottom  of  the  slot  reads  the 
temperature  of  the  iron  with  which  it  is  in  coniict ; 
the  detector  placed  below  the  wedge  reads  the  tem- 
perature of  that  portion  of  the  wedge,  and  neither  can 
take  into  account  the  drop  through  the  insulation. 
The  A.  I.  E.  E.  Standardization  Rule  No.  356  allows 
for  a  correction  factor  of  ten  degrees  C.  plus  one  de- 
gree C.  per  1000  volts  above  5000.  Such  a  correction 
factor  has  little  meaning.  Thus,  the  tests  and  calcula- 
tions on  the  12  000  kv-a.  alternator  show^ed  that  the 
drop  through  the  insulation  was  approximately  36  de- 
grees with  91  percent  load  or  about  43  degrees  with 
lull  load.  With  high  voltages,  especiall_v  in  Icng- 
core  60-cycle  machines  of  large  output,  the  drcp  is 
necessarily  greater,  due  to  the  heavier  wall  of  insula- 
tion ;  in  such  machines  the  drop  is  of  the  order  of  50 
degrees  C. 

In  our  opinion  it  is  not  possible  to  decide  upon 
correction  factors  which  are  applicable,  even  for  com- 
parison, with  the  one  coil  per  slot  arrangement.  In 
point  of  fact,  machines  built  at  the  present  time  in 
I'rge  or  moderate  sizes  (in  which  detectors  are  incor- 


*The  lower  value  of  conductivity  was  chosen  at  the  lower 
voltage  because  of  the  greater  relative  influence  of  air  pockets 
with  the  thinner  insulation. 


porated),  have  with  very  few  exceptions,  two  coil- 
sides  per  slot.  Therefore,  the  method  of  measuring 
copper  temperatures  by  means  of  detectors  at  the 
bottom  of  the  slot  or  under  the  wedge,  should  n;,t  be 
recognized. 

LOCATION   OF  THE   HIGHEST   COPPER  TEMPERATURE 

It  will  be  seen  from  Fig.  4  that  the  temperatures 
ot  the  top  of  the  upper  coil  are  slightly  higher  than  at 
the  middle  of  the  upper  coil,  but  that  there  is  a  larger 
difference  in  temperature  between  the  middle  and  the 
bottom  of  the  coil  than  between  the  top  and  the  middle 
of  the  coil.  In  the  model  (see  Table  IV)  the  tem- 
peratures at  the  bottom  of  the  upper  coil  are  higher 
than  at  the  top.  In  the  3750  kv-a.  generator  (Fig.  11) 
the  temperature  at  the  side  was  substantially  the  same 
as  at  the  top,  but  the  temperature  of  the  copper  at  the 
bottoin  of  the  coil  was  appreciably  lower  than  at  the 
side.  In  all  three  cases,  the  effect  of  eddy  currents 
was  to  increase  the  loss  toward  the  top  of  the  coi' ;  but 
the  fact  that  the  temperature  at  the  top  was  lower  than 
ir.ight  have  been  anticipated  was  in  every  case  because 
the  thermal  conductivity  of  the  compact  wedge  was  re- 
latively high,  and  with  the  effective  cooling  of  the  out- 
side of  the  wedge,  the  temperature  at  the  inside  vv'as 
lowered. 

If  the  temperature  of  the  bare  copper  is  to  be 
measured,  detectors  should  be  located  at  va-f-'ous 
depths  within  the  upper  coil,  and  the  maximum  tem- 
perature taken  to  be  the  maximum  copper  tempera- 
ture. If  this  is  done  in  a  number  of  coils  in  the  ma- 
chine and  if  the  detectors  are  so  located  axially  that 
their  positions  correspond  to  the  axial  position  of 
maximum  core  temperature  (to  be  determined  by  test 
on  similar  machines  before  manufacturing  the  coils) 
the  maximum  copper  temperature  will  be  measured 
with  a  very  small  percentage  error. 

CONCLUSIONS 

The  points  brought  out  in  this  paper  may  be  -um- 
i'':arized  as  follows: — 

I — With  detectors  placed  between  coil  sides,  the  differ- 
ence in  eddy  currents  in  the  upper  and  lower  coils  causes 
the  detectors  to  read  lower  than  the  maximum. 

2 — With  detectors  placed  between  coil  sides,  the  flow 
of  heat  to  the  slot  sides  causes  the  detectors  to  read  lower 
than  the  maximum. 

3 — With  detectors  placed  between  coil  sides,  the  phase 
difference  in  currents  in  the  particular  slot  influences  the 
reading,  and  the  detectors  should  be  located  in  slots  in 
which  there  is  minimum  phase  dilTerencc. 

4 — With  detectors  placed  between  coil  sides  the  possible 
circulation  of  air  about  the  detector  may  have  a  material 
influence  upon  the  reading  of  the  detector.  The  slot  cell 
should  be  so  arranged  that  air  currents  cannot  influence  the 
reading  of  the  detector.  (Sec  Fig.  3.)  The  single  slot-cell 
provides  excellent  protection  as  the  detector  is  then  located 
in  dead-air  space. 

5 — The  air  currents  which  lower  the  reading  of  the 
detector  with  the  two-cell  arrangement  have  an  inappre- 
ciable influence  upon  the  internal  copper  temperature. 

6 — All  heat  from  the  copper  must  flow  transversely 
through  the  insulation. 

7— The  thermal  drop  through  the  insulation  in  large, 
long-core,  high-voltage,  60-cycle  machines  is  of  the  order 
of  50  degrees  C. 

8 — The  thermal  drop  through  the  insulation  cannot  be 
appreciably  lowered— at  least  in  long-core  machines — by 
improvement  in  ventilation. 
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0 — With  any  arrangement  of  detectors  between  coil 
sides,  temperatures  lower  than  the  maximum  are  read,  with 
the  possible  and  rare  exception  of  copper  tcmperaturss 
equal  to  or  lower  than  the  iron  temperatures. 

10 — There  is  a  marked  temperature  gradient  from  the 
center  of  the  slot  to  the  slot  sides.  Therefore,  with  wide 
detectors  between  coil  sides,  lower  readings  are  obtained 
than  with  narrow  detectors.  The  detectors  should  be  made 
as  narrow  as  is  mechanically  feasible. 

II — With  detectors  placed  on  the  bare  copper,  the 
maximum  temperature  is  not  necessarily  read  at  the  top 
of  the  upper  coil. 

12 — A  detector  placed  between  coil  side  and  iron  or 
between  coil  side  and  wedge  reads  only  the  iron  or  wedge 
temperature  at  the  particular  spot ;  the  reading  gives  no 
information  in  regard  to  the  thermal  drop  through  the  in- 
sulation and  the  actual  copper  temperature. 


13 — Thermometers  placed  on  the  end  windings  give  no 
information  in  regard  to  the  highest  copper  temperature  in 
large  high-voltage  generators. 

14 — Resistance  measurements  taken  after  completion 
of  the  heat  run,  convey  no  information  in  regard  to  maxi- 
mum temperature,  and  but  little  information  in  regard  to 
the  average  temperature  in  the  slots. 

15 — The  machine  usually  cools  too  much  after  shut- 
down and  before  taking  readings  to  obtain  accurate  data 
on  the  average  temperature  of  the  winding. 

16 — There  seems  to  be  a  greater  degree  of  consistency 
between  readings  taken  at  symmetrical  spots  on  the  bare 
copper  than  by  any  recognized  method  of  placing  detectors. 
There  seems  to  be  more  consistency  with  the  one-cell  than 
with   the  two-cell  arrangement. 
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S.  L.  Henderson 

Power  Engineering  Dept., 

\\\-stinghouse  Electric  &  Mfg.  Company 

This  article  is  intended  to  show  some  of  the  applications  of  the  formulae  derived  by  Mr.  R.  E.  Gil- 
man  in  his  paper  on  the  "Theory  of  Eddy  Current  Losses  in  Armature  Conductors."  presented  at  the  June 
meeting  of  the  American  Institute  of  Electrical  Engineers  and  furthermore  by  the  aid  of  this  formulae  to 
calculate  the  losses  in  several  coil  arrangements  and  the  temperature  drop  through  the  coil  insulation. 


PREVIOUS  articles  on  the  eddy  current  theory 
in  armature  conductors  have  developed  loss 
ratios  for  two  limiting  conditions,  one  for  a 
solid  bar  and  the  other  for  a  conductor  composed  of 
an  infinite    number    of    strands    in    parallel.     Between 


tors,  only  an  estimate  could  be  made  of  what  the  in- 
creased loss  might  be.  For  instance,  the  assumption 
vas  sometimes  made  in  calculating  the  temperatures  in 


FIG.    1 — COPPER   LOSS  AND   TEMPERATURE  CURVES 

Based  on  a  31250  kv-a,  13  2000  volt,  three-phase,  60  cycle 
generator  with  two  parallel  circuits. 

these  limits  lie  the  majority  of  coils  in  use  in  which 
the  conductor  is  composed  of  a  finite  number  of 
strands  in  parallel.  Previous  to  Mr.  Oilman's  study 
of  the  problem  of  eddy  currents  in  armature  conduc- 


FIG.   2 — COPPER   LOSS   AND  TEMPERATURE   CURVES 

Based  on  a  31  250  kv-a-,  13  200  volt,  three-phase,  25  cycle 
generator  with  four  conductors  per  slot  and  continuous  strand- 
ing. 

short  machines,  that  the  eddy  current  loss  was  equal 
to  the  loss  transmitted  longitudinallj'  through  the 
copper,  or  the  eddy  current  factor  was  calculated  for  a 
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solid  bar  and  then  for  a  conductor  with  infinite 
stranding,  and  a  factor  chosen  somewhere  between  the 
two.  The  effects  on  the  eddy  current  factor  of  differ- 
ent coil  combinations  were  unknown.  It  was  not 
known,  for  instance,  what  the  result  would  be  if  the 
coil  were  made  in  two  pieces  and  the  strands  short- 
circuited  at  both  ends  of  the  coil,  instead  of  making 
stranding  continuous.  Until  the  present,  therefore, 
any  estimate  on  the  eddy  current  loss  in  an  armature 
coil  could  hardly  have  been  more  than  a  guess.  Many 
of  the  older  coils  have  been  found  to  have  an  eddy  cur- 
rent loss  double  that  of  the  copper  loss,  and  even  in  a 
modern  coil,  and  with  the  aid  of  this  knowledge,  the 
eddy  current  loss  will  seldom  be  less  than  twenty  or 
thirty  percent  of  the  copper  loss. 

As  an  example,  in  the  application  of  these 
formulae  we  will  consider  several  coil  designs  for  a 
31250  kv-a.,  13200  volt,  three-phase  machine  on  both 


FIG.  3 — COPPER  LOSS  AND  TEMPERATURE  CORVES 

Based  on  a  31  250  kv-a,  13200  volt,  three-phase,  60  cycle 
generator,    having    eight    conductors    per    slot    and    continuous 
stranding. 

Sixty    and    twenty-tive    cycles,    and    from    this    study 
several  interesting  results  can  be  shown. 

A  number  of  curves  have  been  worked  up  show- 
ing the  relation  between  loss  and  temperature  drop 
with  varying  depth  of  copper.  These  curves  have 
been  calculated  on  the  basis  of  a  rise  on  the  iron 
surrounding  the  coil  of  55  degrees  C,  and  a  tempera- 
ture of  inlet  air  of  40  degrees  C,  giving  a  total  tem- 
perature of  iron  of  95  degrees  C.  The  length  of  the 
machine  being  great  enough,  it  was  assumed  that  there 
is  no  heat  transfer  from  the  point  under  discussion  to 
the  end  windings  and  all  the  heat  is  conducted  through 
the  insulation.  The  assumption  has  also  been  made 
that  the  amount  of  heat  transmitted  per  square  inch 
is  uniform  around  the  slot.     For  purposes  of  calculat- 


ing the  temperature  drop,  the  surface  through  which 
the  heat  flows  has  been  taken  as  the  mean  between  the 
bare  copper  and  the  periphery  of  the  slot.  The  tem- 
perature of  the  iron  and  the  thermal  conductivity  of 
the  insulation  have  been  assumed  constant  at  all 
points.  Since  the  temperature  drop  is  unknown,  and 
tills  must  be  known  in  order  to  calculate  the  eddy  cur- 
rent factor  and  the  temperature  coefficient  of  the 
copper,  it  was  first  necessary  at  each  point  to  calculate 
a  preliminary  curve  of  three  points  by  assuming  three 
temperature  drops  and  working  backward  to  find  the 
loss  and  current  for  each  temperature.  A  curve  was 
then  plotted  between  current  and  temperature  drop 
and  from  this  curve  the  temperature  drop  was  taken 
for  the  rated  current. 

The  assumption    of    constant    temperature    of    the 
iron,  has  little  effect  on  the  loss  in  the  coil,  and  the 


FIG,   4 — COPPER   LOSS   .\ND   TEMPER.\TURE   CURVES 

Based  on  a  31250  kv-a,  13200  volt,  three-phase,  60  cycle 
generator,  having  two  conductors  per  slot  with  each  conductor 
transposed. 

consequent  drop  through  the  insulation,  because  with 
decrease  in  temperature,  for  instance,  the  temperature 
coefficient  of  the  copper  decreases,  but  the  eddy  current 
factor  increases  and  results  in  the  product  of  the  two 
being  very  nearly  constant. 

In  Fig.  I  are  shown  curves  of  a  two-turn  per  coil 
v.'inding  stranded  continuously,  two  coils  per  slot.  The 
eddy  current  factor  is  calculated  as  per  case  D. 
Fach  conductor  consists  of  strands  0.182  in.  wide  by 
0.091  in.  thick  and  is  three  strands  wide.  Starting  in 
with  eight  strands  in  depth,  and  increasing  in  steps  by 
one  strand  on  each  conductor  up  to  thirteen  strands  in 
depth  per  conductor,  the  losses  and  temperature  drop 
at  each  point  have  been  plotted  against  total  copper 
depth  in  the  slot.     From  these  curves  it  is  evident  that 
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beyond  a  certain  point  the  temperatures  are  not  de- 
creased by  increasing  the  copper  depth,  and  that  a 
point  may  be  reached  where  an  increase  in  copper 
really  increases  the  copper  temperature,  because  of  the 
rapid  increase  in  the  eddy  current  loss.  In  contrast, 
if  this  same  coil  were  used  on  twenty-five  cycles,  me- 
chanical limitations  in  the  coil  are  reached  with  in- 
creasing coil  depths  before  reaching  a  point  of  con- 
stant temeprature.  The  curves  for  this  coil  on 
t^venty-five  cycles  are  shown  in  Fig.  2.  The  depth  of 
the  slot  given  on  the  curves  includes  the  dimension  of 
1%,  inch  covering  the  wedge  and  open  section  of  slot 
above  the  wedge.     On   all   these   curves   there   is   also 
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FIG.  5 — V.M.UES  OK  Ms  AND  M,.  FOR  V.VRIOUS  VALUES  OF  a  h  AND  a  f„ 

(si'i/i  a  h  —  sill  a  h)    (cosh  ah—  cos  a  It) 


^  a  li  —  cos  ^  a  It 

arc  continuations   of   the   same 


M  :=  4  a  h 

Curves   I,   II,   III    and   IV 
curve  to  a  dilYcront  scaU-. 

shown  a  curve  giving  eddy  current  factor  for  cucii 
point.  This  factor,  if  multiplied  into  the  copper  loss, 
gives  the  sum  of  the  copper  loss  and  eddy  loss. 

If  we  had  used  a  four-turn  coil,  which  would  be 
[.ossible  by  connecting  the  coils  per  phase  in  twice  as 
many  parallels,  a  considerable  gain  in  temperature 
drop  is  obtained,  as  shown  in  Fig.  3,  giving  approxi- 
mately 19  degrees  improvement  at  a  point  of  4.36 
inches  total  copper  depth  of  slot. 

One  other  possibility  in  the  design  of  the  coil  lies 
ip  the  use  of  a  transposed  coil,  instead  of  a  multi-turn 
coil.  In  this  type  of  coil,  the  strands  must  be  a 
multiple  of  the  slots  per  pole  per  phase,  in  this  case 
six.  Fig.  4  is,  therefore,  calculated  at  18,  24,  and  30 
strands  in  depth  per  coil.  The  eddy  current  factor  is 
calculated  as   per   case    E,    where   m    (conductors    per 


slot)  equals  12  and  the  strands  per  conductor  are  j, 
4  and  5.  This  coil  is  slightly  better  than  the  four-turn 
coil,  and  also  reaches  a  point  beyond  which  there  is  no 
gain  in  temperature.  The  point  of  24  strands  in 
depth  per  conductor  in  the  transposed  coil  can  be  com- 


cc  h^  QC  f  and  a  fe   Curve    II       1        1 
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FIG.  6 — VALUES  OF  Oc   AND  O5  FOR  VARIOUS   VALUES  OF  a  h   AND  o  /« 
'  s'mh  2  a  h  -\-  sin  2  a  h 


O 


\a/i 


^ cosh  2  a  h  —  cos  2 
0  =  1-)-  — —    (a  /;)*  for  small  values  of  "■  h 

l>.ired  with  the  four-turn  coil  and  six  strands  per  con- 
ductor, or  the  two-turn  coil  with  twelve  strands  in 
depth  per  conductor,  as  all  three  coils  have  the  same 
copper  depth.  The  four-turn  coil  and  the  transpo.sed 
coil  have  practically  the  same  '  temperature  drop, 
differing  only  because  of  a  slight  difference  in  thick- 
ness of  insulation,  due  to  the  absence  of  conductor  in- 
sulation in  the  transposed  coil.  Either  of  these  ar- 
rangements is   considerably   better   than   the   two-turn 


KIG.    7 — MULTIPLICATION   FACTOR  FOR  o  /e 

Rulio  for  solid  coiiduclor  =  o  /  I  -^  +  — —-  ) 

coil.  All  these  curves  show  an  increase  of  total  loss 
in  the  coil  before  a  corresponding  increase  occurs  in 
the  drop  through  the  insulation,  which  means  that  for 
a  period  the  surface  of  the  coil  increases  at  a  faster 
rate  than  the  loss. 
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All  these  curves  have  been  carried  farther  than  it 
IS  mechanically  possible  to  build  coils  for  large  ma- 
chines. Being  continuous  coils,  not  made  in  halves 
and  connected  together  in  front  and  back,  they  would 
become  too  heavy  to  be  handled  without  danger  of  in- 
juring the  insulation.  Also,  the  great  depth  of  the 
coil  results  in  a  considerable  difference  in  length  of 
chord  in  the  bottom  and  top  of  the  slot  and  makes  it 
almost  impossible  to  enter  the  coil  at  the  top  of  the  slot 
without  seriously  twisting  it,  and  damaging  the  insu- 
lation. 

It  would  be  possible  to  use  coils  of  this  great 
depth  if  they  were  formed  in  halves  and  then  con- 
nected together  in  front  and  back.  It  is  impracticable, 
however,  to  connect  each  strand  individually,  owing 
tr.  the  large  number  of  strands,  and  if  all  the  strands 
ai-e  connected  solidly  together  on  both  the  front  and 
rear  ends,  the  eddy  current  loss  is  increased  tremend- 
cusly.  For  instance,  if  the  four-turn  coil  of  seven 
strands  in  depth  per  conductor  were  connected  .front 
and  back,  the  eddy  current  factor  as  calculated  by 
class  B  would  be  increased  from  2.12  for  a  continu- 
ous coil  to  5.7,  and  the  drop  through  the  insulation  in- 
creased from  31  to  93  degrees  C.  This  is  for  a 
depth  of  slot  of  9.048  inches,  which  is  deeper  than  has 
been  used  and,  were  it  used,  would  probably  necessitate 
a  two-piece  coil. 

From  a  consideration  of  the  curves,  it  is  theoretic- 
ally possible  on  sixty  cycles,  and  with  13  200  volt  in- 
sulation, to  obtain  a  drop  through  the  insulation  of  ap- 
proximately 30  degrees  C.  as  a  minimum.  Prac- 
tically, however,  this  result  cannot  be  obtained  be- 
cause of  mechanical  limitations.  So  far,  a  slot 
deeper  than  6  to  6.75  inches  has  not  been  used,  and  for 
such  a  slot,  by  using  a  transposed  coil  or  a  multi- 
conductor  coil,  the  temperature  drop  from  bare 
copper  to  iron  will  be  approximately  40  degrees  C. 

These  facts  have  considerable  practical  impor- 
tance in  view  of  the  demand  in  some  quarters  foi"  low 
temperatures,  and  the  feeling  that  the  designer  ad- 
vocates higher  temperatures  merely  to  reduce  sizes  and 
costs.  These  figures  show  that  the  designer  faces  de- 
finite physical  limitations  in  large  high  voltage  60- 
cycle  turbogenerators,  and  true  copper  temperature 
rises  approaching  100  degrees  C.  cannot  be  avoided. 

Listed  below  will  be  found  the  formulae  derived 
by  Mr.  Oilman  which  are  expressed  as  a  ratio  R 
v/hich,  multiplied  into  the  copper  loss,  gives  the  .sum 
of  the  copper  and  eddy  current  loss.  Where  there  are 
two  coils  per  slot  a  ratio  is  given  for  the  top  Rt  and 
bottom  /?b  coils  and  gives  the  average  loss  in  each  coil. 
A   short  explanation  of  each  formula  follows  the  list. 

A — When  the  conductors  are  solid  bars  (2  coils  per  slot),^ 


/?,= 


3 


+  - 


cos  fi\  M^  +  (\ 


^b  = 


[^'] 


,1/c    +     O, 


Till-  —  I        m"  1 

R^  =  [ -, 4-  -Jios  pi  J  M.  +  O, 

^-['-^1^/^  +  a 

C— For  a  continuous  stranded  coil,  wotnid  straight  up  — 


O— For  a  turned  over  coil,  continuous  stranding  — 


12 


/6 


^]  +  [^1-.+ 


£— For  a  turned  over  coil— short-circuited  at  each  full  turn 
with  two  coils  per  slot, — 

R,  =  >,-M,  Y~y-  +  —cos  ti j^J  +  [-j~\  M..  +  (K 

^-  =  [^1  ^^^-  +  o. 

f— For  one  coil  per  slot  turned  over  and  short-circuited  at 
each  turn, — 

R  =   «-■.)/.   [-y^  -  ^^J    +   [~^\ni.    +    iK 

G— For    one    coil    per    slot    turned    over    with    continuous 
stranding,— A'  =  /1/J ^j  +  O,  (approx.) 


Where 


V'  /  +  0.00427  Q     \ 


|/->> 


the  equiv- 


_r 


B — When  the  conductor  is  stranded  and  short-circuited  at 
each  half  turn, — 


/3     :=  angular  displacement  between  the  conductor  currents 

of  the  top  and  bottom  slots. 
F     =  frequency. 

copper  width 

ri     =  ratio   — p- ^rzi: — 

slot  width 

0      :=  total  temperature  of  copper  in  deg.  C.  above  0°  C. 

)■      =  ratio  of  total  conductor  length  to  embedded  part. 

;;/     =  number  of  conductors  depthwise  of  the  slot. 

n     =  the  number  of  strands  depthwise  per  conductor. 

.t      =  total  number  of  strands  depthwise. 

It      =  depth  of  strand  in  inches. 

^1/s  =  value  from  Fig.  5  corresponding  to  ah 

f      =^  depth  of  conductor  in  inches. 

Mc  ^=  value  from  Fig.  5  corresponding  to  <'-f  equivalent. 

O,-    =1  value  from  Fig.  6  corresponding  to  "-f  equivalent. 

[/         n-  —  /    /  1  ! 
IF'  "*" — 17- — T^J 
alent  depth  solid  conductor  (Fig.  6.) 

Os    =^  curve  value  from  Fig.  6  corresponding  to  a/i 

Class  A — For  two  coils  per  slot,  and  one  or  more  —1 
conductors  per  coil,  each  conductor  -^ 
consisting  of  a  single  strap  in  depth. 

Class  B — Similar  to  class  A  except  that  each 
conductor  is  composed  of  a  number  of 
strands  in  depth  all  in  parallel.  The 
coil  is  open  on  the  front  and  back  and 
the  turns  are  joined  together  by  con- 
nectors which  short-circuit  the  strands 
in  each  conductor  at  each  end  of  the 
conductor.  This  type  of  coil  is  formed 
in  two  parts  and  is  used  where  the 
coil  is  too  heavy  to  be  handled  in  one 
piece  or  where  the  bore  of  the  machine 
is  too  small  to  permit  the  complete  coil 
being  entered. 

Class  C — This  is  a  practically  absolete 
design.  It  is  used  in  closed 
slot  machines  and  covers  a 
shoved  through  concentric 
type  of  winding.  In  such  a 
coil  the  turns  are  wound  con- 
tinuously without  a  break, 
and  the  strands  are  con- 
nected  together  only   at   the 

beginning  and  end  of  the  coil.  The  conductors 
and  strands  occur  in  the  .same  order  in  the  return 
slot  as  in  the  start.  A  at  the  top  is  followed  by 
B.  C  and  D,  and  hence  the  coil  is  wound  straight 
up. 


j:   1 r 
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?      ' 

A!" 

1 

B 
B 

Class  D — This  i.s  one  of  the  most  common  types  of  coils, 
in  which  the  turns  in  a  coil  are  wound  continu- 
ously and  the  coil  lies  in  the 
top  of  one  slot  and  the 
bottom  of  the  other.  These 
coils  are  turned  over  in  mak- 
ing the  loop  at  the  ends,  so 
that  the  top  of  the  coil  on 
one  half  becomes  the  bottom 
on  the  other  half  as  illus- 
trated. These  coils  may  con- 
sist of  any  number  of  conductors  and  any  num- 
ber of  strands  per  conductor,  and  the  strands  are 
kept  separate,  being  only  short-circuited  at  the 
beginning  and  end  of  the  coil. 

Class  E — This  coil  is  similar  to  class  D  except  that  at  the 
end  of  each  complete  turn  the  strands  are  short- 
circuited  by  the  connector  joining  one  turn  with 
the  next.  This  coil  is  open  on  the  front  end  and 
differs  in  this  respect  from  class  D,  which  is  a 
closed  coil.  The  eddy  current  factor  for  a  trans- 
posed coil  is  calculated  under  class  E.  The  trans- 
posed coil  is  used  to  give  the  effect  of  a  multi- 
conductor  coil  without  the  disadvantage  of  high 
voltage  between  turns  within  the  coil  or  the  loss 
of  space  for  conductor  insulation. 

In  the  transposed  coil  the  strands  per  con- 
ductor must  be  a  multiple  of  the  slots  per  phase 
per  pole.  The  strands  are  then  separated  into 
groups  equal  to  the  number  of  slots  per  pole  per 
phase.     The    strands    in    a    group    are    short-cir- 


cuited by  connectors  which  join  them  to  a  corre- 
sponding group  in  the  next  coil,  in  such  a  manner 
that  if  the  positions  of  each  group  are  followed 
through  a  phase  belt,  it  will  be  found  that  all 
groups  occupy  all  positions  in  the  slot  and  the 
voltage  generated  by  the  slot  cross  flux  is  equal 
for  all  the  groups  in  a  phase  belt.  This  arrange- 
ment is  shown  diagramatically  below. 


XXXX     OOOO 


I  •  • •       XXXX 

x'x'x'x' 

2  4   6  8 


where  the  x's  are  coils  in  one  phase  belt  of  a 
three  phase  winding.  For  simplicity  a  one  turn 
coil  is  shown  and  each  group  composed  of  one 
strand.  The  successive  positions  of  a  coil  are 
shown  as  /,  s,  3,  4,  5,  6,  7  and  8,  this  being  the 
sequence  of  conductors  in  series.  Each  single 
conductor  is  then  arranged  in  four  groups  of 
strands,  so  that  a  section  of  the  coil  group  would 
show  as  below. 


•jI  ' 

a,       1 

*"'      1 

bjl 

dj  1 

Class  P  and  G — The  principle  of  these  coils  is  the  same  as 
£  and  D  except  there  is  only  one  coil  per  slot. 


Socojidary  CoiKHictor^  for  %\^(:lr\c  Vnenacss 


Kdw.^rd  T.  Moore 

Electrical  Engineer, 

Halcomb  Steel  Company 


WHEN  the  old  rocker-type  Heroult  furnaces 
were  installed,  the  secondary  leads  extending 
from  the  transformers  to  the  electrode  holders 
were  usually  carried  as  shown  in  Fig.  2,  with  the  sec- 
tion EF  paralleling,  and  in  close  proximity  to,  the  up- 
right I-beams  fcrrming  the  mast  of  the  furnace,  la  a 
six  ton  installation,  the  three  400  kv-a.  transformers 
were  arranged  end  to  end,  occupying  a  floor  space  of  23 
ft.  by  4  ft.  6  in.,  and  the  total  linear  length  of  single 
ct.-nductor  from  transformers  to  electrode  holders  was 
49  ft.  Each  bus  conductor  was  composed  of  six  6  by 
14  inch  copper  bars  and  there  were  stranded  cabU-s  in 
erch  phase.  The  maximum  possible  average  pciwer 
which  could  be  introduced  into  the  furnace  was  iioo 
kv-a.  and,  therefore,  the  melting  period  was  somewhat 
prolonged  and  production  was  correspondingly  reduced. 
The  power- factor  was  only  about  80  percent  under  the 
most  favorable  conditions. 

In  order  to  increase  the  production  of  steel  it  was 
decided  to  reduce  the  length  of  the  leads,  design  the 
conductors  so  as  to  reduce  the  reactance  and  thereby 
improve  the  operating  power-factor.  Because  of  the 
success  of  this  new  installation,  it  would  appear  desir- 
able, as  well  as  profitable,  if  all  of  the  existing  instnlla- 
tions  of  the  old  type  could  be  remodelled  some'vhat 
along  similar  lines. 

In  the  particular  installation  under  discussion,  the 
primary  voltage  of  the  transformers  is  tt  000  and,  in 
order  to  eliminate  the  exposed,  overhead,  high-tension 
conductors  which  had  been  a  source  of  danger,  the  con- 
ductors leading  to  each   transformer  are  composed  of 


two  2-conductor  No.  2  B.  &  S.  varnished  cambric  lead 
encased  cables.  The  cables  are  enclosed  in  three  inch 
sherardized  conduit  and  immediately  above  the  trans- 
former bushings  the  cables  are  brought  out  through 
cable  tenninals  Fig.  3.  The  opposite  ends  of  the 
cables  are  suitably  terminated  on  a  specially  designed 
tap-changing  switch,  interlocked  with  the  circuit 
breaker  so  that  when  operating  on  one  voltage,  one  set 
c  f  taps  is  used,  and  when  using  another  voltage  a  dif- 
ferent set  of  taps  is  used.  On  account  of  the  sir.all 
l>otential  difference  between  adjacent  taps,  the  conduc- 
tors can  be  carried  through  the  same  cable  terminal  £nd 
transformer  bushings,  thereby  improving  the  appear- 
ance of  the  construction  work. 

The  transformers  were  re-arranged  so  that  their 
sides  are  adjacent,  thereby  making  a  more  compact 
grouping  and  reducing  the  above  diinensions  to  14  ft. 
9  in.  by  6  ft.  10  in.  This  shortens  the  linear  length  of 
bus  conductor  forming  the  delta  by  approximately  ten 
feet,  and  allows  a  more  symmetrical  arrangement  of  the 
delta,  Fig.  4,  which  is  formed  over  the  top  of  the  trans- 
formers. 

From  the  delta  connection  the  three  conductors, 
each  composed  of  six  6  by  %  m.  bus-bars,  rise  at  an 
r.ngle  of  80  degrees  from  the  horizontal  so  that,  after 
passing  through  a  dividing  wall.  Fig.  3,  they  are  high 
enough  to  allow  the  flexible  cables  to  be  adjusted  for 
proper  clearance  above  the  furnace  floor. 

The  bus-bars,  after  passing  into  the  insulated  boxed 
opening  in  the  dividing  wall,  are  spread  apart  to  enable 
connector  terminals  to  be  bolted  thereon.  Fig.  5.     The 
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cable  terminals  are  of  the  solderless  type,  Fig.  6,  r.inde 
especially  for  this  installation,  and  have  shown  no  sign 
of  heating  since  their  installation  about  a  year  ago. 

In  order  that  the  distribution  of  current  in  the 
copper  bars  used  for  conductors  may  be  as  uniform  as 
possible   with   the   least   temperature    rise   of    the   bars 


FIG.    I — SIX    UlX    HEUuULI    lUUNACE 

themselves,  particular  attention  must  be  given  to  bus- 
bar sizes  and  spacings,  as  well  as  their  relation  to  each 
other.  It  is  generally  advisable  to  use  as  few  bars  in 
parallel  per  phase  as  possible,  although  too  lan^e  a 
cross-section  will  allow  the  magnetic  field  to  set  up  dif- 
ferences of  potential  between  dififerent  sections  of  the 
conductor,  thus  causing  eddy  currents  in  the  copper,  A 
magnetic  field  is  produced  inside  and  outside  of  the  con- 
ductor, and  the  closed  lines  of  magnetic   force  which 


joints;  howe\er,  on  account  (if  the  high  heat  conduc- 
ti\ity  of  copper,  this  increased  heat  at  the  edges  is  ccn- 
(iucted  toward  the  center  and  radiated  at  a  compara- 
ii\ely  small  increase  in  temperature  over  that  produced 
if  the  current  were  uniformly  distributed  over  the  bar. 
As  the  frequency  in  this  installation  is  25  cycles, 
the  individual  l)us-bars  were 
not  interlaced  after  leaving  the 
transformers  and,  as  the  spacing 
between  phases  was  kept  rather 
large,  it  was  economical  to  use 
six  bus-bars  in  parallel.  Ordi- 
narily bus-bars  should  not  ex- 
ceed Yn  in.  thickness  for  25 
cycles  or  5/16  in.  for  60  cycles 
and  in  this  instance  Y4  'n.  was 
selected  as  the  proper  thickness. 
The  spacing  between  bars  was 
made  !/4  in.  and  copper  strips  6 
by  I  by  ]/4  in.  were  cut  from  the 
same  bus-bar  to  serve  as  spacers 
between  bars.  These  were  used 
in  preference  to  an  insulating 
material,  as  much  better  results 
have  been  secured  with  this 
practice. 

.\s  will  be  noted  from  Fig. 
I,  the  same  method  of  carrying 
the  bus-bars  under  the  gallows 
was  adopted  as  in  the  original 
installation,  as  the  length  of 
conductor  necessary  is  thereby 
n.uch  shorter  than  is  the  case  where  all  busses 
[lass  over  the  top  of  the  masts  as  in  the  latest 
type  Heroult  installations.  To  olifset  the  objec- 
tion of  not  having  enough  clearance  between  flexible 
cr.bles  and  floor,  the  cables  are  supported  at  a  distance 
of  4  ft.,  4  in.  from  the  dividing  \\;ill.  1  '/    -     '  •  -  throw- 


FIG.   2 — ORIGINAL   ARRANGEMENT   OF   FURNACE   LE.'VDS 

are  generated  on  the  inside  of  the  conductor  pro- 
duce electromotive  forces  only  in  their  interior.  This 
counter  electromotive  force  of  self-induction  is  largest, 
therefoi'e,  at  the  axis  or  interior  of  the  conductor  and  is 
least  at  the  surface,  so  that  the  current  density  will  be 
greater  at  the  surface  of  the  conductor.  In  wide  bus- 
bars, the  current  density  will  be  greater  toward  the 
edges  of  the  bars,  thus  producing  extra  heating  at  these 


!  — IKAXSKUKMI 


111S-B.AR  STRUCTURE 


ing  the  loop  of  the  cables  over  the  top  of  the  winches 
on  the  furnace. 

The  bus-bars,  before  passing  through  the  I-beam 
masts,  are  spread  to  enable  an  insulating  box  to  be  in- 
serted so  that  the  stranded  winch  cable  for  raising  and 
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lowering  the  ^allows  n.  .y  pa:s  throug!..  Details  of 
this  construction,  with  the  solderless  connectors  for 
terminating  the  lowei  end  of  liie  flexible  cables,  are 
shown  in  Fig.  6. 

The  bus-bars  after  passing  underneath  the  gallows 
are  not  carried  as  a  solid  section  directly  to  the  elec- 
trode  holders   ;;nd   bolted   thereto,   as   this   method   re- 


f'  of  bus-bar.  At  the  base  of  the  milled  slots  ..i  the 
holder,  hack  saw  slots  are  cut  to  allow  greater  flexib'lity 
cf  the  fingers  when  bolting  on  the  bus  bars. 

FLEXIBLE  CABLES 

In  using  flexible  cables  for  conducting  powe:  to 
electric  furnaces,  special  attention  riiust  be  given  to 
"skin  effect"  and  losses  resulting  therefrom.     In  mtet- 


SiJSX 


FIG.  4 — DETAILS  OF  DELTA  COXXECTIONS  OF  THE  TRANSFORMERS 


quired  an  entirely  new  bus  section  being  installed  under 
the  gallows  whenever  an  electrode  holder  was  chan;jed, 
since  the  ends  of  the  busses  become  welded  into  the 
milled  slots  of  the  electrode  holder.  By  the  new  method 
the  ends  of  the  bars  are  slotted  as  in  Fig.  6,  allowing 
adjustment  of  the  holders,  which  would  be  impossible 
with  the  old  type  of  construction.  A  short  12  in.  sec- 
tion of  bus  is  then  inserted  between  the  holder  and  the 


KIG.   5 — CONNECTIONS  TO  BUS-BARS 

end  of  the  main  bus,  Fig.  7,  one  end  being  bolted  tc  the 
holder  and  the  other  end  to  the  main  bus.  When 
changing  a  holder,  all  that  is  necessary  is  to  replace  this 
12  in.  section  of  bus  (6  ft.  for  one  phase)  instead  of 
the  complete  section  under  the  gallows  6  ft.  6  in.  li  ng 
.(length  of  one  phase,  39  ft.)  producing  a  saving  of  33 


ing  the  requirements  of  electrical  service,  however, 
mechanical  considerations  must  not  be  neglected,  as 
particular  attention  must  be  gnen  to  supporting  the 
\ /eight  of  the  cables,  spacing  and  placing  them  so  that 
'.\hen  the  furnace  is  tilted,  the  supporting  members  will 
fulfill  their  function  properly  without  distortion.  The 
strands  of  the  cables  must  not  be  subjected  to  individual 
strain,  which  would  break  or  twist  them. 

As  mentioned  before, 
in  carrying  heavy  currents 
to  electric  furnaces  the 
outer  portion  of  a  current 
carrying  member  has,  by 
far,  the  greatest  current 
density.  Since  the  flexible 
leads  form  about  40  per- 
cent of  the  total  length  of 
conductor  between  trans- 
formers and  electrode 
holders,  an  excellent  op- 
portunity exists  for  adjust- 
ing the  reactance  and 
thereby  reducing  the  .skin 
effect.  It  is  well  known, 
of  course,  that  stranded 
conductors  offer  some- 
what  better  conditions,  especially  if  the  individual 
strands  forming  the  cable  are  in  poor  contact 
with  each  other.  This  being  the  case  it  ap- 
peared desirable  to  build  a  flexible  cable,  wherein  all 
luembers  of  the  conductor  are  caused  to  average  the 
same  position   throughout   the  total   length,  and  have 


September,   1920 


THE  ELECTRIC  JOURNAL 


42s 


the  same  resistance.  In  this  way  all  paths  for  the  pass- 
age of  current  are  practically  equal,  the  impedance  of 
each  conductor  member  will  be  the  same  and,  therefore, 
i.  uniform  current  distribution  throughout  the  entire 
cable  will  result. 

The  flexible  cable  is  of  i  000  000  circ.  mil  capacity 
and  is  1.5  inch  in  diameter.  It  is  built  up  with  the  first 
strand  composed  of  seven  No.  24  B.  &  S.  gauge  wires, 


FIG.  6 — CABLE  TERMINALS 

seven  of  these  strands  forming  a  braid,  seven  braids 
forming  a  still  larger  braid,  and  seven  of  the  largest 
braids  forming  the  final  cable,  ell  rope  laid.  A  cable, 
therefore,  is  composed  of  2401  No.  24  wires  and  each 
wire  is  thoroughly  shellaced  to  insulate  it  as  much  as 
possible  from  adjacent  wires.  By  using  many  .sn^all 
wires  not  only  is  greater  flexibility  secured,  but  due  to 
the  immense  wire  surface  (151.62  in.)  skin  effect  losses 
have  been  practically  eliminated. 

The  flexible  cables,  Fig.  11,  are  grouped  in  proper 
phase  relation  and  pass  over  the  top  of  three  half-roimd 


bottom  layer  16  ft.  2  in.  long.  Proper  clearances  are 
provided  by  bolting  two-piece  solid  maple  yoke 
spreaders  to  the  cables ;  also  the  individual  cables  of  op- 
posite phase  •'.  are  held  rigidly  against  mechanical  move- 
ment caused  by  .!ie  magnetic  forces.  The  two  bottom 
sets  of  spreaders  are  split  up  into  individual  phase  units, 
Fig.  10,  so  that  electrodes  may  operate  at  different 
heights.  The  projecting  ends  of  these  spreaders  strike 
each  other  with  any  cable  movement, 
thus  effectually  preventing  short- 
circuits  between  phases. 

REACTANCE 

On  account  of  satisfactory  re- 
actance obtained,  it  was '  not  con- 
sidered necessary,  in  view  of  the  ex- 
pense, to  raise  the  transformers  to  a 
•higher  elevation.  Had  this  been  done 
the  linear  length  could  have  been  re- 
duced 12  feet.  The  length  of  con- 
ductor from  the  transformers  to  the 
electrode  holders,  as  actually  in- 
stalled, was  reduced  approximately 
20  percent  from  the  older  method  il- 
lustrated in  Fig.  2.  This  percentage 
would,  of  course,  be  increased  to  nearly  50  percen:  if 
the  transformers  were  raised. 

The  inherent  reactance  of  the  transformers  is  12 
percent,  and  the  conductors  were  designed  so  that  the 
total  overall  reactance  of  transformers,  bus-bars, 
flexibles,  electrodes  and  furnace  would  be  43.6  percent 
which  allowed  90  percent  operating  power-factor  to  be 
attained  and  a  short-circuit  current  of  229  percent. 

Oscillograph  tests  were  made  to  confirm  the  esti- 
mated maximum  possible  short-circuit  currents  in  the 
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FIG.    7 — CONNECTIONS   TO   ELECTRODE   HOLDER 


"T  Ground 
FIG.   8 —  TEST  CONNECTIONS 


maple  drums,  which  are  grooved.  Twehe  cables  form  different  phases.  Fig.  8  indicates  the  method  of  con- 
each  phase,  the  conductors  of  the  top  layer  being  16  ft.  necting  the  oscillograph  for  the  tests.  Fig.  12(b)  is  an 
4%  in.  long;  the  middle  layer  16  ft.  3  in.  long  and  the     oscillogram  of  the  current  waves  in  each  phase  with  the 
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electrodes  short-circuited  in  the  bath  of  steel.  The  high- 
est current  values  attained  were : — 

Vibrator  l   179-2  amps,  effective 

Vibrator  2 218.0  amps,  effective 

Vibrator  3  181. 2  amps,  effective 

From   the  above,  an  average  effective   current   of 
192    amperes    is    secured,    indicating    an    approximate 


Fir..    10 — FI'RNACE  END  OF   FI.F.XIIILE  CADLES 

tween  the  electrodes  and  the  scrap,  and  the  resis'-nice 
of  the  scrap  is  higher  than  that  of  the  molten  metai. 

Fig.  12(c)  is  an  oscillogram  of  the  primary  voltage 
waves  with  1500  kw  load. 

;    Vibrator  i Volts  phase  2  to  3 

Vibrator  2 Volts  phase  i  to  2 

■    Vibrator  3 Volts  phase  i  to  3 


Fig.  12(d)  is  an  oscillogram  of  the  secondary  volt- 
age waves  with  1500  kw  load. 

\'ibrator  I   Volts  No   3  electrode  to  ground 

\'ibrator  2  Volts  No.  2  electrode  to  ground 

\'il. rater  ,1   \'olts  No.   i  electrode  to  ground 


FIG.  9 — TOP    SECTION    OF    FI.EXIllLE    CAHEE   SUI'l'OUT 

short-circuit  current  of  274  percent  actual,  as  against 
229  percent  as  estimated. 

Fig.  12(a)  is  an  oscillogram  of  the  current  waves 
with  the  electrodes  short-circuited  on  the  cold  steel 
scrap,  taken  with  a  slower  film  speed'.  The  highest  cur- 
rent values  attained  were: — 

Vibrator   i    126  amps,   effective 

Vibrator  2    146  amps,   effective 

Vibrator  3    137   amps,   effective 

From  the  above  an  avera  .e  ^hoit-circuit  curreni  of 
195  percent  is  indicated.  This  is  somewhat  lower  than 
in  the  first  test,  because  a  jjoorer  contact  was  made  be- 

M,'— ^-     ' zr,  i 


I    h.       II         i.Kill'I'l  NC    (IK     El.KMItl.r     I     MM-. 

In  the  above  oscillograms  evidence  is  obtained  of 
high  frequency  disturbances,  between  7000  and  8000 
cycles,  caused  by  the  arcs  in  the  furnace.  P;ntial 
rectification  of  current  is  also  indicated. 


FIG.    12 — a,  b,   C,   d — OSCILLOGRAMS  OF   FURN.VCE  CHARACTERISTICS 

The  operating  performance  of  this  furnace,  since 
the  new  installation  was  made,  has  been  much  im- 
proved, as  the  melting  periods  have  been  reduced  ap- 
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proximately  twenty  minutes.  This  means  an  increased 
monthly  output  of  approximately  seven  tons.  Ihe 
current  cost  has  been  reduced  50  cents  per  ton,  which 
means  a  monthly  reduction  for  power  of  $275.  Brised 
on  these  figures  the  present  cost  of  doing  the  work 
could  be  met  in  six  months. 

There  are  numerous  other  ways  of  attacking  the 
problem  under  consideration,  in  fact,  there  will  be  many 
cases  where  it  will  be  highly  desirable  to  install  ex- 
ternal reactances  of  either  the  air  or  iron  core  type. 
The   disadvantages   of   the   present   tvpes   are   too    well 


known  to  be  enumerated  here,  and  it  is  hardly  necgssary 
to  point  out  the  advantages  'hat  would  be  obtained 
from  a  reactor  which  would  have  say,  25  percent  r-?act- 
ance  at  normal  current  and  75  percent  reactance  at  200 
percent  normal  current.  Not  only  would  increased  pro- 
tection be  obtained  on  overloads  but  higher  power-fac- 
tor under  normal  conditions.  This  matter  is  '"'••ng 
!.','\en  careful  attention  by  a  number  of  investigators 
and  w  ill  doubtless  lead  to  important  results  in  the  near 
future. 


Our  subscribers  are  invited  to  use  this  department  as  a 
means  of  securing  authentic  information  on  electrical  and 
mechanical  subjects.  Questions  concerning  general  engineer- 
ing theory  or  practice  and  questions  regardmg  apparatus  or 
materials  desired  for  particular  n  ^ds  will  be  answered. 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


f 


To  receive  prompt  attention  a  self-addressed,  stamped  ( 
velope  should  accompany  each  query.     All  data  necessar>'  for 
a  complete  underst..nding  of  the  problem  should  be  furnished.  ^^ 

A    personal    reply    is    mailed    to    each     questioner    as    soon  CP# 

as  the  necessary  information  is  available;  however,   as  each  V^ 

queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


1912 — Burned  Spots  on  Commlt.mor — 
A  25  hp,  220  volt  direct-current,  twn- 
speed  elevator  motor  has  developed 
four  black  spaces,  three  segments 
wide,  equally  divided  around  the 
commutator.  The  motor  has  four 
main  poles  and  four  commutating 
poles  and  is  compound  wound.  The 
brushes  are  placed  opposite  the  main 
poles,  is  this  the  right  position?  The 
controller  for  this  motor  is  equipped 
with  a  dynamic  brake.  When  running 
there  is  little  or  no  sparking  at  the 
brushes  except  when  changing  fro.Ti 
high  to  low  speed  there  is  a  little 
sparking  noticeable.  If  the  commu- 
tator is  cleaned  and  then  run  for  s 
or  10  minutes  these  four  black  spaces 
will  show  up  again.  This  trouble 
developed,  or  was  first  noticeable  a 
few  days  after  the  armature  was  in- 
stalled. What  causes  these  black 
spaces.  s.L.   Cn.y.) 

The  correct  position  with  respect  to 
the  main  poles  of  the  brushes  on  the 
commutator  varies  with  the  throw  1; 
the  leads  from  the  slots  to  the  commu- 
tator. If  the  lead  from  the  armature- 
coil  lying  half  way  between  the  main 
pole  tips  is  traced  to  a  commutator  bar, 
this  bar  should  be  covered  by  a  brush. 
In  many  motors  this  brush  position 
would  be  opposite  the  main  pole.  The 
data  given  is  not  sufficiently  complete 
to  definitely  state  the  primary  cause  ot 
the  burned  spots  on  the  commutator. 
The  spots  are  caused  by  sparking  which 
probably  is  only  under  the  brushes  and 
so  not  visible.  This  sparking  may  be 
the  result  of  various  things.  It  is 
possible  that  the  armature  has  a  wind- 
ing that  in  some  way  is  not  symmetrical, 
as  when  there  is,  an  idle  bar  in  the  com- 
mutator. This  might  cause  sparking  at 
four  equidistant  points  on  the  commu- 
tator. If,  through  any  accident  the 
commutator  became  roughened  at  one 
spot,  sparking  would  commence  there. 
The  most  of  the  current  would  then  be 
diverted  and  pass  through  the  brush  it 
the  opposite  side  of  the  commutator. 
If  the  hrushholder  rigging  is  not  rigid 
when  these  two  spots  come  underneath 
two  sets  of  hrushholders  it  may  cause 
the  brush  rigging  to  vibrate,  causing 
sparking  at  the  other  two  sets  of 
brushes.      This    sparking    then    in    turn 


would  cause  two  more  black  spots  on 
the  commutator,  all  four  black  spots 
being  equally  spaced.  Cleaning  the 
commutator  with  sandpaper,  even  if  the 
only  trouble  is  commutator  roughness, 
does  not  now  eliminate  the  trouble  as 
the  spots  have  caused  the  commutator 
to  be  no  longer  true  and  sandpapering 
only  does  not  true  it,  but  probably  leaves 
mica  projected  at  the  location  of  the 
spots.  This  then  immediately  causes 
spots  again  when  running  is  resumed. 
The  commutator  should  be  trued,  and 
the  mica  undercut.  If  this  does  not 
cure  the  trouble,  the  armature  winding 
is  in  some  way  unsymmetrical.  Sec 
also  question  1508,  Tune  '18;  886,  April 
1913  and  455,  June  loio.  s.H. 

1913 — Welded   L.^min.^tions — Due   to   a 
burn  out  a  part  of  the  laminations  of 
a  number  of  the  teeth  are  welded  to- 
gether in  a  slator.     Will  this  give  any 
trouble  when   the  motor  is   rewound' 
w.R.v.   (g.\.) 
Welding  together  the  laminations  will 
produce    a    local    short-circuit    path    for 
eddy    currents,    which    will    greatly    in- 
crease the  temperature  at  that  point  and 
will    increase    the   losses   of    the   motor. 
The  ainount  of  these  losses  will  depend 
on  the  extent  of  the  welding.     While  a 
small   amount  of  welding  will   probably 
not     produce     prohibitive    losses,     it     i^ 
much     better     either     to     separate     the 
laminations    at    the    welded    part,    or    t  1 
replace    them,    inasmuch    as    this    local 
heating  or  hot  spot  will  probably  injure 
the   insulation   and   cause   the   motor   to 
burn  out  again.  T.r.K. 

1914-  Oiling  System  of  Vertic.xl  \\".\t- 
er-Wheel  .\ltern.\tor— On  certain 
vertical  water-wheel  generators  the  oil 
passes  from  the  upper  guide  bearing 
through  a  pipe  in  the  lugs  of  the  rotor. 
The  lower  guide  bearing  is  supplied 
by.  a  separate  oil  pipe.  Does  the  oil 
from  the  upper  guide  bearing  also  flow 
through  the  lower  guide  bearing  and 
act  as  a  lubricant  in  addition  to  that 
supplied  by  the  lower  bearing  feed 
pipe  in  the  usual  design,  or  is  the  oil 
supplied  to  the  upper  guide  bearing 
used  only  in  this  bearing?  If  the  oil- 
ing devices  are  in  good  condition, 
should  any  oil  run  down  the  shaft  of 


a  vertical  unit  while  it  is  at  a  stand- 
still, or  are  the  oil  deflectors  or  oil 
catchers  only  supposed  to  properly 
handle  the  oil  from  the  guide  bearings 
when  the  shaft  is  revolving? 

R.E.G.  (mont.  ) 
.\  slight  amount  of  the  oil  that  passes 
through  the  upper  guide  bearing  may 
pass  through  the  lower  guide  bearing 
but  when  this  bearing  is  fed  by  a  sep- 
arate pipe  line  it  receives  sufficient  oil 
from  the  latter  source.  Under  no  condi- 
tions should  any  appreciable  amount  of 
oil  find  its  way  down  the  shaft. 

R..\.M. 

I9I5-St.\tor  Winding  Tests — We  have 
a  Portable  Testing  Transformer  rated 
5  kv-a,  22O-2TO-200-IT0  and  10  000 
volts,  25  cycles.  This  outfit  is  used  in 
testing  our  rewound  stators  for 
grounds  and  short-circuits  between 
phases.  The  circuit  breaker  in  the 
primary  side  is  set  to  trip  at  four  am- 
peres. It  was  our  custom  to  impress 
the  testing  voltage  ("which  is  usually 
1500  volts)  across  the  several  phases 
to  ascertain  if  same  were  not  open 
circuited  before  givins  the  stator  a 
low  voltage  balance  test.  This  pro- 
cedure was  criticised  by  several  of  mv 
associates,  they  claiming  that  the  wind- 
ings are  liable  to  be  broken  down  be- 
tween turns,  of  the  individual  coils. 
\U  contention  is  that  the  ohntic  re- 
sistance of  the  stators  are  usually  so 
extremely  low.  that  the  instant  the 
voltaee  is  applied  to  the  terminals 
of  one  phase,  the  voltaee  falls  so  rap- 
idly that  a  puncture  of  the  insulation 
between  adjacent  groups  could  not 
|)ossibly  happen  :  also  taking  into  ac- 
count the  high  reactance  of  the  test- 
ing transformer  and  the  low  tripping 
value  at  which  the  breaker  is  set. 
Please  let  me  have  your  comments. 
E.R.n.    Cn-.t.") 

The  reactance  factor  of  the  stator 
winding  should  be  considered  as  well  as 
the  ohmic  resistance.  A  lighting  out  cir- 
cuit on  no  or  220  volts  with  one  or 
more  lamps  in  series  would  be  a  more 
desirable  way  of  testing  for  open  cir- 
cuits. 1500  volts  is  rather  a  high  test 
voltage  for   no  or  220  volt  windings. 

G.A.B. 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies    throughout    the    country 
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Field  Winding  Diagrams  for  Railway  Motors 

Field  Control  Motors 


III. 


The  most  common  method  of  control  used  on  ra'lway 
equipment  is  the  series-parallel  rheostatic  control.  On  a  quad- 
ruple equipment  using  this  type  of  control  the  general  operation 
is  as  follows  :— 

No.  1  and  3  motors  in  parallel,  in  series  with  No.  2  and  4  motors 
Id  parallel,   in  series  with  all  resistance. 

Several   notches   cutting  out   part   of   the  resistance   at   each    step. 

All  resistance  out  —  the  series-parallel  running  position. 

Transition  8t«p. 

No.  1  and  3  motors  in  parallel,  in  parallel  with  No.  2  and  4 
motors  in  parallel,  in  series  with  all  resistance. 

Several    notches   cutting  out   part  of  resistance  at   each   step. 

All  resistance  cut  out,  full  parallel  running  position. 

With  field  control,  there  is  an  additional  step  after  the  full 
parallel  running  position,  which  cuts  out  some  of  the  main  field 
coil  turns  on  each  coil  of  all  the  motors.  This  weakens  the 
motor  field  and  speeds  up  the  armature,  giving  an  extra  high 
speed  running  point.  This  is  the  most  common  method  used 
for  field  control.  The  same  effect  is  sometimes  obtained  on 
locomotive  equipment  by  using  an  inductively  wound  coil  in 
parallel  with  the  main  field  coils,  so  that  when  the  switch  in 
this  shunted  coil  is  closed,  part  of  the  armature  current  is 
shunted  from  the  field  coils,  which  weakens  the  field,  and  speeds 
up  the  armature. 

DESIBABILITY  OF  FIELD  CONTEOL 

In  the  selection  of  gear  ratios,  accelerating  currents  are 
kept  low  and  motor  temperatures  are  reduced  by  the  use  of  the 
smallest  possible  number  of  teeth  on  the  pinion,  with  a  conse- 
quent saving  of  power  and  reduced  maintenance  of  equipment. 
However,  the  free  running  speed  of  the  car  is  thereby  reduced 
to  a  minimum.     Using  a  larger  number  of  teeth  in  the  pinion 


FIG.    10 — SECTION   THROUGH    MAIN    FIELD   COIL 

to  produce  the  desired  maximum  free  running  speed  of  the  car 
gives  higher  accelerating  currents  and  increased  motor  tempera- 
tures, with  greater  power  consumption  and  increased  mainte- 
nance of  equipment.  By  taking  advantage  of  the  increased 
speed  obtained  by  weakening  the  motor  field,  while  still  retain- 
ing the  small  pinion,  it  is  possible  to  get  the  high  free  running 
speed  characteristics  obtained  by  the  use  of  the  large  pinion, 
combined  with  the  low  accelerating  currents  and  consequent 
advantages  of  the  small  pinion. 

FIELD  CONTEOL  COILS 

In  Fig.  10,  the  asseinWed  coil  consists  of  two  separate  coils 
(short  or  permanent  coil  B  and  added  coil  A),  assembled  to- 
gether and  having  four  leads.  Generally,  the  short  or  perma- 
nent coil  has  6o  percent  of  the  total  number  of  turns,  while  the 
added  coil  has  the  remaining  40  percent.  As  the  added  coils 
are  worked  only  a  part  of  the  time,  the  section  of  the  copper 
conductor  in  this  coil  is  made  smaller,  approximately  75  percent 
of  the  section  used  on  the  short  or  permanent  coil.  This  ar- 
rangement allows  more  space  for  the  winding.  All  four  coils 
are  usually  wound  symmetrically  with  the  same  number  of 
turns ;  however,  there  are  some  few  exceptions  where  the  top 
and  bottom  coils  have  more  turns  than  the  two  side  coils. 
TYPICAL    FIELD    COiNTROL    WINDING    DIAGRAM 

In  Fig.  5,  June  R.  O.  D.,  a  schematic  diagram  is  shown  of 
a  field  control  motor.  In  Fig.  1 1  a  typical  field  control  motor 
diagram  is  shown  which  plainly  distinguishes  between  the  short 
or  permanent  field  winding  and  the  added  field  winding.  It  is 
of  the  utmost  importance  to  have  the  motor  correctly  connected 
to  the  car  wiring.  For  the  high  free  running  speed  it  is  essen- 
tial that  the  added  field  Fm  to  F — is  cut  out  and  not  the  short 
or  permanent  field  fm  to  F-f-.     This  has  happened  where  all 


four  motors  had  the  wrong  connections  and  were  placed  in 
service,  with  a  resulting  dangerously  increased  speed  and  the 
final  roasting  of  the  F,u  to  F — added  coils,  which  have  the 
reduced  section  of  copper.  If  this  wrong  connection  should  be 
made  to  only  one  motor,  this  motor  would  carry  an  excess  load 
and  roast  out  its  field  and  armature  windings. 

In  order  to  get  the  desired  results  for  which  this  type  of 
motor  is  designed,  carefully  note  the  following: — 

/ — See  that  the  connections  arc  as  shown  on  the  diagram. 

2 — Be  sure  that  the  connections  are  such  that  the  added 
coils  Fm  to  F — are  cut  out  for  the  high  speed  running. 

S — Check  the  polarity  of  the  short  or  permanent  coils  F-f- 
to  Fm,  also  of  the  added  coils  Fm  to  F — .  (See  R.  O.  D. — 
Dec,  1916) 

Main  Pole  Field' CoD  Connections, 
Pinion  End 


FIG,    II — CONNECTIONS    OF    FIELD    CONTROL    MOTOR 

Dotted  lines  show  connections  at  pinion  end. 

4 — Note  the  location  of  the  short  or  permanent  coil  leads 
F-|-  to  Fm  and  see  that  they  come  from  the  assembled  coils  as 
shown  on  the  winding  diagram,  which  in  some  motors  is  next 
to  the  frame  and  in  others  next  to  the  armature. 

5 — Note  the  location  of  the  added  coil  leads  Fm  to  F — and 
see  that  they  come  from  the  assembled  coils  as  shown  on  the 
winding  diagram,  which  on  some  motors  is  next  to  the  frame 
and  others  next  to  the  armature. 

6 — It  is  not  feasible  to  try  to  locate  these  coils  by  checking 
their  resistance  as  these  values  arc  misleading.  One  example 
is  as  follows:  Short  or  permanent  field  coils  measure  0.1407 
shms,  added  field  coils  measure  0.1499  ohms.  This  is  due  to 
the  difference  in  copper  section  of  the  two  coils. 

J.  S.  Dean. 
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Ward  Leonard 


Resistors  and  Field  Rheostats 


Enanielerl    Field    Rheostat 

For    Mounliii!;    on    Fnml    of 

Switchboard. 


Enameled    Field    Rheostat 

For  Mounting  on  Back   ol 

Switchboard. 


Ward  Leonard  Vitrohm  Resistors 
are  made  in  a  great  variety  of  sizes 
and  types — a  number  of  which  have 
never  been  made  by  other  manu- 
factures, because  there  is  no 
equivalent  to  Ward  Leonard  \'it- 
rohm  or  Ward  Leonard  manufact- 
uring processes.  The  vitreous 
enamelled  insulation  used  on  all 
Ward  Leonard  Resistors  insures 
protection  to  the  resistance  element 
against  atmospheric  conditions. 

Ward  Leonard  Field  Rheostats  of 
all  sizes,  in  both  round  and  rectang- 
ular types,  have  the  resistance 
element  embedded  in  and  protected 
by  \'itrohm — vitreous  enamelled 
insulation.  Therefore,  heat,  cold 
acids,  alkalies  oils,  etc.,  cannot 
attact  resistance  elements.  This 
construction  eliminates  any  mechan- 
ical strain  on  the  resistance  proper, 
and  as  no  combustible  material  is 
employed,  these  rheostats  can  be 
used  wherever  desirable. 

We  will  gladly  send  you  free  a 
sample  3,000  ohm  unit  so  you  can 
see  how  impervious  \'itrohra  in- 
sulation is. 


a 


3'r^:= 


'taawMii^H*HW' 


Vitrohm  Resislur  Unit  of  all  capacitii 

can    be    provided    with    any    style    < 

number  of  terminal  coiniections. 


Resistors  lor  switchboard  mounting— clips 
ends  provide  for  fastening  to  the  board  and  i 
necting  them  or  for  sHppmg  into  knife  termii 


Resistor    Units   for    interposing    in    tl 
■'     nesh  case  guards  and  extension 
connecliiiK  plug. 


Ward  LeonardL^ectric  Company 


Westburg   Engineering   Co..    Chicago 
Walter  W.  Gaskill.  Boston 
Wm.  Miller  Tompkins.   Philadelphia 
Sperry  &  Bittner.  Pittsburgh 


[yWount  , 
Vernon. 
Xewybrk. 


^-11 

Electiic  Material  Co..  .San  Francisco 
Walter  P.  Ambos  Co..   Cleveland 
Electrical    .Specialties    Co..    Detroit 
Lyman  C.  Reed.  New  Orleans 
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THE   MAKING   OF  OXYGEN 

HYDROGEN    GAS 

GENERATORS. 


Fifteen  years  is  not  a  very  long  time 
in  this  fast  moving  age,  and  yet  it  is 
long  enough  to  take  the  world  back  to 
the  time  when  oxygen  and  hydrogen 
were  little  known  industrially  and 
commercially  in  this  country.  Today 
these  important  gases  have  revolution- 
ized manufacturing.  Repair  work  has 
been  put  on  a  dilfcrcnt  plane.  Salvag- 
ing has  become  a  dignified  and 
profitable  occupation.  In  fact,  the 
industrial  application  of  oxygen  and 
hydrogen  are  so  numerous  and  diverse 
that  its  possible  future  importance  can 
only  be  measured  by  its  rapid  develop- 
ment in  the  past  few  years.  No  method 
for  obtaining  oxygen  and  hydrogen  has 
proven  more  satisfactory  than  that  ol 
decomposing  water  by  means  of  the 
electric  current  into  its  component 
parts.  This  is  one  of  the  oldest  elect- 
ric-chemical processes  and  engineers 
have  given  their  constant  efforts 
toward  the  perfection  of  such  appar- 
atus. Beginning  back  in  1909  Mr. 
Levin,  inventor  of  the  Levin  cell, 
spent  a  year  and  a  half  in  the 
investigation  of  the  electrolytic  cells 
and  special  application  of  the  oxygen- 
hydrogen  flame,  and  the  Levin 
cell  is  the  outcome  of  long  engineering 
experience.  Mr.  Levin  has  been  con- 
nected with  international  developments 
of  the  o.xygen-hydrogcn  gas  generator. 
The  Electrolabs  Company  and  the 
Electrolytic  oxy-hydrogen  Laboratories 
are  devoted  exclusively  to  the  oxy- 
hydrogen  industry,  the  former  in  the 
capacity  of  manufacturing  and  sales 
organization,  and  the  latter  as  research 
and  development  for  the  apparatus 
and  application  of  oxygen  and  hydro- 
gen gases.  The  research  and  develop- 
ment have  resulted  in  extensive 
patents  covering  the  pure  science 
phase,  as  well  as  the  manufacturing 
aspects  of  the  industry.  Their  re- 
search in  over  voltage  and  other 
refinements  has  resulted  in  the  first 
basic  patents  in  the  art.  The  generat- 
ing boxes  are  filled  with  a  strong 
caustic  solution  through  which  the 
direct  electric  current  is  permitted  to 
pass.  The  oxygen  is  formed  in 
the  oxygen  compartments  on  the 
positive  pole  and  the  hydrogen  is 
formed  in  the  hydrogen  comjiartments 
on  the  negative  pole.  The  gases  from 
each  are  collected  in  independent 
manifolds  or  offtake  pipes  and  con- 
served in  regulation  ga.'S  holders. 
The  cells  are  built  in  two  sizes — Type 
".^"  and  Type  "B".  Both  cells  arc 
made  exactly  alike  except  that  they 
are  of  different  dimensions.  The 
production  of  gases  in  each  type  is 
directly  proportional  to  the  number  of 
amperes  passing  through  it.  Each 
cell  is  of  the  unit  type.  It  is  small 
and  compact,  also  simple  in  construc- 
tion, being  enclosed  in  stamped  sheet 
metal  sections.  They  have  found 
American  Incot  Iron  Sheets — as  a 
result  of  very  extended  tests — to  be 
by  far  the  most  appropriate  material 
for  the  construction  of  their  apparatus 

The  electrical  problems  are  best 
taken  care  of  bv  Incot  Iron  because  of 
the  exceptionally  hieh  electrical  con- 
ductivitv  of  this  metal.     Bv  the  use  of 


this  pure  iron  the  portions  coining  in 
contact  with  oxygen  generated  in  the 
machine  and  the  actual  surfaces  on 
which  the  oxygen  is  generated  havi. 
the  ability  to  retard  corrosive  action 
to  a  marked  degree.-  The  welding  of 
the  machines  has  become  a  very 
simple  problem  in  various  ways,  due  to 
the  high  purity  and  uniformity  of 
ingot  iron  steets  and  wire,  thus  devlop- 
ing  highest   efficiency   and   economy. 


D.\TA   SHEET   SERVICE 

SOLVES  BRUSH 

PROBLEMS. 

The  National  Carbon  Company  of 
Cleveland  and  San  Francisco  has 
recently  increased  the  scope  and  effi- 
ciency of  the  Columbia  Data  Sheet 
Service  for  users  of  motors  and  gen- 
erators so  that  they  may  now  be 
assured  of  absolutely  correct  brushes 
for  these  machines. 

The  data  sheet  fui;nished  has 
twenty  blank  spaces  in  which  the  user 
indicates  whether  the  brushes  are 
needed  for  a  generator,  motor  or  ro- 
tary converter,  also  the  service  for 
which  it  is  used,  whether  the  current  is 
direct  or  alternating,  the  name  of  the 
manufacturer,  the  type  and  serial 
number  of  the  machine,  voltage,  ca- 
pacity, load,   measurements  and   so  on. 

From  these  data  in  connection  with 
exhaustive  laboratory  tests  it  is  possi- 
ble for  the  National  Carbon  Company 
to  furnish  Columbia  Pyramid  Brushes 
best  suited  for  the  ex,ict  operating 
conditions.  Through  this  service  of 
investigation,  analysis  and  specifica- 
tion, it  is  possible  to  guarantee  satis- 
faction with  these  brushes.  The 
service  is  at  the  command  of  any  user, 
no  matter  how  many  or  how  few  units 
he  has. 


NEW  BOOKS      • 

"Automobile  and  Gasoline  Engine 
Encvclopedia"— .^.  L.  Dyke— Qoo  pages— 
3392  illustrations.  Published  by  A.  L. 
Dyke  St.  I-ouis,   Missouri.     Price  $6.00. 

This  is  the  twelfth  edition  of  this 
well-known  encyclopedia  which  has 
become  generally  recognized  as  the 
most  complete  reference  work  on 
automobiles  so  far  published.  In  fact, 
if  one  has  this  book  available  there  is 
very  little  necessity  for  purchasing  any 
other  book  on  this  subject.  The 
text  is  much  the  same  as  in  previous 
editions  but  modifications  have  been 
made  to  bring  the  material  up-to-date 
and  in  keeping  with  developments  and 
changes  in  automobile  manufacture 
While  this  book  is,  of  course,  valu- 
able as  a  means  of  furnishing  the 
beginner  with  a  knowledge  of  motor 
construction,  it  is  probably  more  useful 
as  an  instruction  book  on  repair  work. 
There  are  itSq  illustrations  and  15.) 
pages  devoted  to  repair  work  alone. 
.^  very  complete  section  is  civen  on 
the  electrical  end  of  automobile  prac- 
tice. This  section  includes  270  paees 
with  775  illustrations,  showimr  various 
forms  of  electric  starting,  eeneratin-^ 
and  lighting  outfits,  as  well  as  various 
t\'nes  of  ignition  svstems.  Snecial 
attention  is  iriven  to  descrintions  ot 
some  of  the  leading  t>'pcs  of  automo- 
biles, in  addition  to  general  discussions 


on  the  subject  and  applying  to  any 
machine.  Certainly  any  motorist  who 
does  his  own  repair  work  will  make 
no  mistake  by  purchasing  this  ency- 
clopedia. 

"Standard  Electrical  Dictionary" — 
T.  O'Connor  Sloane.  767  pages — 477 
illustrations — Published  by  Xorman 
W.  Henley  Publishing  Company,  New 
York  City.     Price  $5,00. 

This  is  the  1920  edition  of  this 
dictionary  which  has  been  revised 
from  time  to  time  since  originally 
brought  out  in  1892.  A  second  part 
has  been  added  to  the  original  volume 
so  that,  at  present,  it  is  necessary  to 
look  in  two  portions  of  the  book,  as 
the  classification  is  aphabetical.  The 
second  part  includes  discussioni  on 
topics  which  have  arisen  since  the 
last  edition  appeared.  Numerous  illus- 
trations are  used  to  show  details  and 
to  explain  definitions.  In  some  cases 
considerable  space  is  devoted  to  ex- 
plaining principles  of  operation  and 
fundamentals  of  electrical  engineering. 
Cross  references  are  given  where 
indicated,  as  a  means  of  checking  up 
on  the  use  of  technical  expressions 
this  book  should  be  valuable  as  a 
reference. 
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The  Electric  Railway  Situation 

JOHN  H.   PARDEE 

President 
American    Electric    Railway    Association 

IN  SPITE  OF  THE  FACT  that  the  showing  of  the 
electric  railway  industry  of  the  country  in  the 
matter  of  income  is  still  discouraging,  I  believe  its 
prospects  to  be  brighter  than  -tt  any  time  since  1914, 
and  this  conclusion  is  based  upon  the  very  marked 
change  in  the  public  attitude.  This  is  reflected  in  the 
action  of  legislatures,  courts,  commissions  and  city 
governments,  in  so  far  as  they 
effect  the  railways.  These 
bodies  are  fast  coming  to  recog- 
nize what  I  believe  to  be  the  two 
fundamentals  of  the  situa- 
tion : — First,  the  essentiality  of 
electric  railway  service ;  and 
second,  the  continuance  for 
some  indefinite  time  of  the 
higher  price  level.  It  seems 
to  me,  that  if  there  be  a  proper 
realization  of  these  two  facts, 
readjustinent  along  lines  which 
will  benefit  both  the  public  and 
the  railways  is  bound  to  follow. 
The  Federal  Electric  Rail- 
ways Commission  bases  its  en- 
tire series  of  conclusions  upon 
the  assumption  that  the  electric 
railway  is  a  necessary  public 
utility,  and  a  number  of  com- 
munities, such  as  Toledo, 
Bridgeport,  the  Borough  of 
Richmond  in  Greater  New 
York,  Salem  and  other  Massa- 
chusetts cities,  have  reached  the 
same  conclusion,  not  through 
any  process  of  reasoning  but  by 
bitter  experience  derived  from  a  trial  of  the  motor 
\vithout  electric  railway  transportation. 

With  the  essentiality  of  the  service  recognized,  its 
preservation  and  continuance  becomes  a  concern  of  the 
public,  and  I  am  confident  that  the  public  consideration 
of  the  methods  by  which  this  may  be  accomplished  can- 
not but  lead  to  public  treatment  which  will  establish 
utility  credit  in  the  only  way  in  which  this  is  possible, 
namely,  through  the  provision  of  sufficient  income  to 
meet  the  reasonable  demand  of  investors  in  public 
utility  securities. 

One  of  the  many  obstacles  in  the  way  of  an  earlier 
satisfactory  readjustinent  has  been  the  reluctance  of 
both  the  regulatory  authorities  and  the  public  to  admit 


crease     the      burden 


JoHX   H.   Pardee,  President 
J.    G.    White   Management   Corporation 

bus 


that  the  higher  costs  of  railway  operation  were  any- 
thing more  than  a  temporary  manifestation  of  war  con- 
ditions, the  disposition  being  to  consider  the  present 
period  of  stress  as  merely  ephemeral.  For  this  reason 
ii  was  the  general  disposition  to  withhold  anything  but 
emergency  relief  on  the  grounds  that  the  necessity 
would  soon  pass  and  that  so-called  "normal"  prices 
would  shortly  return.  The  popular  conception  of  the 
price  situation  has,  I  think,  changed.  Men  are  realiz- 
ing that  any  marked  deflation  would  enormously  in- 
of  the  governments  of  the 
world  in  the  matter  of  paying 
ofl"  their  war  debts  and  what  the 
economists  have  long  known  is 
being  brought  home  to  the  lay- 
man, namely,  that  price  levels 
are  slow  in  declining  after 
major  economic  convulsions, 
such  as  the  war. 

A  number  of  recent  court 
decisions,  notably  those  of  the 
United  States  Supreme  Court, 
in  Lincoln  Gas  Company-vs- 
Lincoln ;  the  United  States  Dis- 
trict Court,  in  City  of  Winona- 
vs-Wisconsin,  Minnesota  Light 
&  Power  Company;  and  the 
New  Jersey  Supreme  Court,  in 
the  Elizabethtown  Gas  Com- 
pany case,  emphasize  these 
economic  facts  and  the  common 
sense  of  the  American  public  is 
sure  to  eradicate  the  belief  that 
the  plight  of  the  railways  is 
merely  the  result  of  an  emer- 
gency, and  so  increase  the  pub- 
lic willingness  to  come  to  a  last- 
ing settlement  on  correct  lines. 
The  reception  by  the  public  of  the  report  of  the 
Federal  Electric  Railways  Commission  is  evidence  of 
the  truth  of  my  conclusion.  There  is  a  general  accept- 
ance of  the  Commission's  recommendations  by  both  the 
press  and  public  authorities  which  indicates  a  much 
greater  knowledge  of  the  electric  railway  problem  than 
existed  when  the  Committee  of  One  Hundred  of  the 
.\merican  Electric  Railway  Association  began  Hs  at- 
tempt to  bring  the  case  of  the  electric  railways  before 
the  public. 

In  spite  of  the  disheartening  conditions  that  still 
]  revail  in  certain  communities,  there  is,  to  my  mind, 
ipuch  in  the  electric  railway  situation  to  bring  encour- 
.igement  to  the  industry. 
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Specifications  of  a  Successful 
Street  Railway 

W.  S.  RUGG 

Assistant  to  Vice-president, 
Wcstinghoiise  I'-lectric  &  Mfg.  Company 

A  FRIEND,  of  whom  I  asked  the  question, 
"What  is  a  successful  street  railway?",  said, 
"There  ain't  no  such  animal."  And  there  is  a 
threat  deal  of  truth  in  that  statement.  I  said  to  him, 
"If  this  is  true,  then  there  must  of  necessity  be  a  lack 
of  knowledge  on  the  part  of  those  engaged  in  the  busi- 
ness, of  what  a  successful  street  railway  is,  of  what  it 
consists,  what  is  the  foundation,  the  structure  and  the 
materials  of  which  it  is  built.  In  other  words,  what 
constitute  the  essentials  of  a  successful  street  railway?" 
If  the  operating  inen,  superintendents,  presidents, 
stockholders,  the  people  and  their  representatives,  and 
the  manufacturers,  all  knew  and  realized  fully  the  es- 
sentials of  what  constitutes  a  successful  street  railway, 
we  would  have  them.  All  desire  them,  and  ignorance 
.'ind  the  lethargy  coming  out  of  ignorance  may  be  the 
reason  we  do  not  have  them.  My  friend,  then,  being  of 
rn  engineering  type  of  mind,  said,  "Let  us  make  out  a 
specification  of  a  successful  street  railway.  Let  us  see 
what  is  necessary;  maybe  we  can  have  one  some  time." 
The  following  is  the  result : — 

/—A  siiflicicnt  number  of  people  who  wish  to  ride  in- 
stead of  to  walk,  and  who  are  willing  to  pay  for  such 
service. 

^ — City  officers  who  appreciate  that  the  people  wish  to 
ride  and  are  willing  to  pay  for  the  service,  and  who  will 
insist  that  adequate  service  and  adequate  compensation  to 
to  the  railways  be  provided.  City  and  state  authorities  who 
appreciate  that  a  street  railway  is  for  the  maximum  service 
to  the  people  at  least  cost,  and  who  will,  therefore,  see  that 
the  road  is  not  burdened  with  taxes,  paving,  franchise 
charges  and  graft  in  any  form. 

3 — A  suflicicnt  amount  of  track  so  distributed  and  built 
as  to  render  maximum  service  to  the  public  with  maximum 
comfort  and  at  least  expense. 

4 — Overhead  lines  which  are  so  built  as  to  give  adequate 
distribution  of  power  with  the  least  interference  with  the 
appearance  of  the  streets. 

5 — Cars,  clean,  comfortable  and  pleasing  to  ride  in,  and 
of  the  proper  size  and  frequency  to  give  the  best  service 
to  the  people  at  the  least  expense. 

6 — Men  to  operate  the  cars  and  the  railway  who  feel 
that  their  job  is  to  render  the  best  service  to  the  people 
who  ride ;  namely,  the  customers  of  the  company. 

7 — Management  to  guide  the  operation  of  the  road,  who 
feel  that  they  arc  representatives  of  the  stockholders,  and 
that  they  have  something  to  sell;  that  the  operation  of  a 
street  railway  is  a  service  to  the  people,  and  that  they  can 
only  discharge  their  duties  to  the  stockholders  to  the  maxi- 
mum by  giving  the  maximum  possible  service  to  the  people. 
S — A  board  of  directors  (who  are  chosen  by  the  stock- 
holders) who  appreciate  the  above  requirements  and  see 
to  it  that  the  officers  of  the  company  are  men  who  carry 
out  these  principles. 

9 — An  appreciation  on  the  part  of  all  the  above, — 
people,  city  authorities,  men,  officers  of  the  company,  and 
the  board  of  directors,  of  the  fact  that  the  street  railway 
is  a  community  service  to  such  an  extent  that  they  all 
become  stockholders  so  that  a  very  considerable  part  of 
the  capital  invested  in  the  business  comes  from  those  served 
and  those  serving. 

All  will  agree  that  a  street  railway  operating  under 
the  above  conditions  would  be  of  necessity  successful. 
The  peojile  would  be  willing  to  pay  high  enough  fares 


for  the  ser\  ice  thej'  desire,  pa}'  ti.e  men  sufticienl  to  in- 
sure their  living  well,  reward  faithful  ofificers  liberally, 
provide  adequate  equiiiment,  and  pay  regular 
and  liberal  dividends.  The  men  would  not  strike. 
Capital  would  anxiously  seek  investment  in  street  rail- 
ways. The  best  of  equipment  would  be  provided.  The 
v/hole  coinmunity  would  be  proud  of  their  road.  The 
end  would  be  a  wedding  of  capita!  and  labor,  and  they 
v.ould  live  happily  ever  after  and  raise  up  a  large  family 
of  satisfied  customers. 

The  above  is  like  any  engineering  specification, 
soinewhat  formal  and  inflexible.  Those  of  us  who  have 
been  looking  at  the  street  railway  industry  from  a  little 
distance,  believe  that  we  see  the  dawn  of  a  new  era.  No 
other  country  in  the  world  approaches  us  in  electric 
railway  development.  This  is  very  largely  due  to  the 
vision  and  ability  of  our  street  railway  executives,  both 
in  the  past  and  the  present.  A  wrong  attitude  of  mind 
toward  this  industry  on  the  part  of  the  people  and  their 
city,  state  and  national  representatives,  as  well  as 
kbor,  has  been  the  one  big  obstacle  to  progress  in  the 
past.  Our  present  railway  executives  recognize  this 
and  are  rapidly  doing  their  part  toward  overcoming  this 
condition. 

The  Future  of  the  Autobus  as 
it  Affects  the  Electric  Railway 

L.  H.  PALMER 

Assistant  to  President, 
The  United  Railways  &  Electric  Co.  of  Baltimore 

EVER  since  the  internal  combustion  engine  has 
been  successfully  adapted  to  private  automobiles, 
passenger  carrying  busses  have  been  equipped 
with  this  engine  for  transporting  passengers  for  hire. 
The  autobus  has  gradually  eliminated  the  old  horse 
drawn  omnibus  with  which  most  of  us  were  familiar. 
Gradually  too  the  autobus  came  in  some  places,  into 
competition  with  electric  railways,  as  in  carrying  pas- 
sengers from  steam  railroad  tennini  to  special  objec- 
tives, such  as  hotels  or  pleasure  resorts.  During  the 
slump  in  business  which  occurred  at  the  beginning  of 
the  World  War,  when  a  large  number  of  people  were 
without  employment,  the  jitney  bus  craze  sprang  up  and 
spread  from  coast  to  coast,  and  has  been  a  source  of 
annoyance  and  loss  of  revenue  to  many  street  railways 
in  one  form  or  other  ever  since.  At  present  this  situa- 
tion seems  somewhat  to  have  "shaken  down"  and  we 
are  beginning  to  see  the  real  place  of  the  autobus  in  the 
transportation  field. 

The  busses,  when  operated  ?s  they  are  in  England, 
notably  in  London,  and  some  places  on  the  Continent, 
have  been  able  to  supply'  transportation  for  local  situa- 
tions and  short  haul  business.  In  New  York  City  the 
Fifth  Avenue  Coach  Company,  with  one  of  the  best 
traffic  routes  in  the  world,  has  been  able  successfully  to 
operate  an  efficient  and  noteworthy  service.  It  should 
be  observed  however,  that  in  London  and  Paris,  as  well 
as  in  New  York,  rapid  transit  lines  running  on  private 
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rights  of  way,  and  usually  at  high  speeds  are  in  opera- 
tion and  because  of  their  unimpeded  movement  and 
greater  carrying  capacity  with  less  frequent  stops,  have 
been  able  to  care  for  the  heavier  loads,  leaving  what 
might  be  called  incidental  and  sight  seeing  busine^^s,  as 
well  as  the  short  haul  riding  largely  to  the  motor  busses 
and  surface  cars. 

In  cities  where  elevated  or  subway  systems  do  not 
exist,  the  surface  cars  take  the  place  of  the  rapid  transit 
lines  and  carry  the  great  bulk  of  the  citizens  from  their 
homes  to  work  and  back  in  large  capacity  units  to 
which,  frequently,  trailers  are  coupled  for  rush  hour 
business.  Certainly  as  far  as  the  situation  has  de- 
veloped in  the  United  States,  there  is  no  autobus  opera- 
tion that  has  given  promise,  or  shown  any  evidence  of 
being  able  to  handle  the  American  rush  hour  business 
so  efficiently  as  the  street  cars.  In  fact,  as  far  as  we 
can  see,  busses  would  be  utterly  unable  to  do  so  at  a  rea- 
sonable fare  and  without  completely  congesting  the  im- 
portant thoroughfares  in  the  business  districts.  If  tor 
no  other  reason,  the  limitation  of  carrying  capacity,  due 
to  their  size,  restricts  their  adaptability  to  this  character 
of  ser\ice.  It  is  not  true  then  that  if  autobusses  can- 
not carry  the  rush  hour  traffic,  they  should  not  be 
allowed  to  handle  the  non-rush  hour  traffic?  For  the 
electric  railways  the  rush  hour  business  is  not  the 
profitable  business.  On  the  contrary,  the  cost  of  hand- 
ling the  rush  hour  service,  taking  into  account  the  in- 
vestment necessary  for  cars,  power  and  car  house  ca- 
pacity which  is  used,  and  useful  only  for  five  or  six 
hours  per  day,  cannot  be  supplied  on  the  present  street 
railway  fares.  In  smaller  communities  where  the  rush 
hour  condition  is  not  so  acute,  it  might  be  possible  to 
handle  the  city  traffic  with  motor  busses,  but  here  the 
efficiency  and  traffic  possibilities  of  the  safety  car  fur- 
nish a  solution  which  the  motor  bus  cannot  meet 
economically. 

To  serve  small  communities  developing  in  outlying 
territory  not  far  from  cities  having  street  railway  ser- 
vice, or  between  towns  separated  by  distances  up  to 
say,  50  miles,  autobusse.s  can  well  be  used  and  later  if  it 
is  found  that  they  have  built  up  traffic  sufficiently  a 
street  railway  line  can  be  put  in.  Where  autobusses  can 
be  used  in  such  service  they  should  logically  be  operated 
b)'  the  local  street  railway  company,  because  the  street 
railway  organization  has  the  training  and  the  experi- 
ence necessary  to  operate  them  regularly  and  efficiently, 
and  can  arrange  for  proper  connections  and  schedules, 
and  in  some  instances  transfer  privileges,  where  the 
length  of  ride  is  short  enough  to  justify  it.  Under  the 
control  of  an  established  and  recognized  company,  their 
operation  cannot  help  benefitting  by  the  experience  of 
such  a  company,  and  therefore  be  more  dependable  and 
render  better  service. 

It  is  not  clear  how  a  motor  bus  can  charge  fares 
less  than  the  street  cars  and  carry  people  for  equivalent 
distances.  We  have  heard  a  great  deal  about  the  con- 
ditions in  the  city  of  Bridgeport,  where  the  jitney  busses 
on  short  runs  through  thickly  populated  territorv  have 


successfully  competed  with  the  street  railway  and  now 
the  latter  has  stopped  operation,  but  this  is  a  special 
condition  and  not  general  in  its  application.  Already 
the  efficiency  of  operation  there  is  beginning  to  decrease 
and  the  public  and  merchants  are  awakening  to  the  fact 
that  the  street  car  sei-vice  has  not  been  adequately  re- 
placed. Moreover,  it  is  now  summer,  with  favorable 
weather  and  street  conditions,  so  that,  even  though  the 
substituted  service  may  appear  somewhat  satisfactory, 
it  will  take  months  to  tell  the  story  and  it  is  a  serious 
question  whether  the  permanent  handling  of  Bridge- 
port's traffic  with  motor  vehicles  will  prove  successful. 
Surely  the  experience  of  Toledo,  with  its  month  long 
traffic  agony  caused  by  "car-less"  streets  and  irre- 
sponsible jitney-cluttered  highways,  ought  to  point  a 
lesson  that  should  not  be  ignored. 

At  present  most  electric  railways  are  grossly  and 
unfairly  overtaxed  for  street  paving,  construction  and 
n;aintenance.  The  autobus  has  never  paid  an  adequate 
amount  for  road  and  highway  maintenance.  Some  day 
the  state,  county  and  municipal  authorities  will  awake 
to  the  seriousness  of  this  situation  and  impose  sufficient 
taxes  on  the  road  users,  who  cause  road  damage  and 
excessive  wear.  When  this  unjust  situation  as  to  ex- 
cessive tax  burdens  on  electric  railways  and  under  taxa- 
tion on  motor  vehicles  is  righted,  and  other  forms  of 
taxation  are  equitably  applied,  the  present  advantage  of 
the  autobus  will  disappear  and  a  handicap  to  the  elec- 
tric transportation  industry  will  be  removed. 

With  these  premises  and  conditions  in  mind  the 
future  of  the  autobus  lies  in  its  adaptability  to  supple- 
mentary and  auxiliary  service.  The  flexibility  of  motor 
busses  is  obvious  and  admitted.  The  constant  improve- 
ment in  the  character  of  highways  furnishes  an  oppor- 
tunity for  their  use  between  points  where  road  condi- 
tions formerly  precluded  regular  operation  by  any  kind 
of  motor  vehicle.  Between  localities  where  an  infre- 
quent headway  is  all  that  the  traffic  requires,  and  where 
the  business  is  not  sufficient  to  justify  permanent  track 
and  overhead  construction,  a  motor  bus  can  fill  a  dis- 
tinct need. 

If  autobusses  are  going  to  be  required  to  operate  a 
legular  dependable  service,  as  is  now  being  operated  in 
this  country  by  the  electric  railways,  over  routes  com- 
parable in  length  with  the  street  railways,  they  cannot 
operate  for  less  money  than  the  street  railways ;  in  fact, 
tnder  equal  conditions,  they  cannot  render  similar  ser- 
vice at  a  profit  at  the  same  fare.  Here  again  this  situa- 
tion points  to  the  fact  that  the  busses  are  a  supplemental 
and  auxiliary  form  of  transportation  to  the  electric  car 
and  not  a  transportation  that  can  supplant  the  electric 
car. 

The  street  railwa_\'  comi)aiiies  need  to  view  this 
[>roblem  in  a  sympathetic  way  and  should  recognize  the 
fact  that,  if  not  properly  and  intelligently  developed  bv 
the  street  railway  companies  themselves,  the  autobusses 
will  be  used  by  others  in  unfair  and  destructive  com- 
petition in  detriment  to  the  service  as  a  whole  now 
rendered  the  public.     W't  need  to  be  careful  not  to  let 
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our  conservatism  stand  in  the  way  of  encouraging,  di- 
recting and  controlling  this  new  form  of  transportation, 
v/hich  can  be  developed  to  a  great  value  to  the  industry 
as  a  supplement  to  electric  railways,  if  handled  in  a 
farsifjhted  manner. 


Constructive  Electric  Railway 
\A/'ork 

MYLES  B.  LAMBERT 

Manager,   Railway  Department, 
Wcstinghousc  Electric  &  Mfg.  Company 

THE  accomplishments  of  the  American  Electric 
Railway  Association  have  been  of  great  magni- 
tude during  the  past  few  years.  The  problems 
accompanying  the  great  war  may  have  been  the  under- 
lying cause,  forcing  all  members  to  realize  the  im- 
potence of  scattered  effort  and  the  necessity  of  utilizing 
the  talent  and  full  strength  of  their  organization.  The 
splendid  manner  in  which  the  Association  responded  is 
now  common  knowledge.  The  records,  of  course,  will 
not  and  could  not  do  full  justice  to  the  patriotic  and  un- 
tiring efforts  of  the  men  who  did  this  great  work,  espe- 
cially the  War  Board  Committees  who  were  confronted 
with  discouragement  day  after  day.  The  work  of  this 
Board  was  followed  by  the  Reconstruction  Committee 
and  the  Committee  on  National  Relations,  as  well  as  the 
Committee  of  One  Hundred  and  others. 

The  great  and  lasting  benefits  of  all  this  work  to 
the  electric  railway  industry  and  our  country,  as  a 
whole,  are  immeasurable.  The  full  benefit  and  force 
of  the  recommendations  of  the  Federal  Electric  Rail- 
way Commission  will  be  in  proportion  to  the  extent  that 
its  deliberations  and  advice  are  absorbed  by  the  people 
generally.  Measuring  this  part  of  the  problem  by  the 
way  the  Association  has  performed  on  other  matters,  it 
may  be  depended  upon  that  these  recommendations  will 
receive  the  full  measure  of  effective  publicity  that  they 
deserve. 

The  Convention  at  Atlantic  City  this  month 
promises  to  be  the  greatest  in  the  history  of  the  Asso- 
ciation. It  will  represent,  as  it  were,  the  blossoming 
out  of  intensive  constructive  effort.  It  will  be  the 
forum  for  expression  of  the  feelings  of  gratitude  and 
satisfaction  for  Association  work  well  done,  as  well  as 
that  of  planning  even  greater  Association  accomplish- 
ments for  the  future. 

A  glance  at  the  program  outlining  the  subjects  be- 
iiire  the  Convention  for  general  discussion  is  ample  evi- 
dence to  show  the  thorough  grasp  the  Association  has 
on  all  problems  confronting  the  industry.  The  Engi- 
neering and  Statistical  Bureau,  now  established  at  the 
Association  headquarters,  is  a  very  marked  achievement 
in  the  annals  of  Association  practice.  Its  accomplish- 
ments up  to  dale  far  exceed  in  value  and  scope  that  of 
any  other  similai"  As.sociation  activity  in  the  country. 
In  brief,  the  American  Electric  Railway  Association  is, 
\v  naval  parlance,  "stripped  for  action.". 


The  Best  Plan  for  Operating 
Street  Railways 

C.  W.  CULKINS 

Director,  Department  of  Street  Railroads, 
City  of  Cincinnati,  Ohio 

THE  report  of  the  Federal  Electric  Railways  Com- 
mission has  given  a  tremendous  impulse  to  the 
consideration  of  the  service-at-cost  principle. 
The  term  is  no  longer  a  slogan;  i'  can  no  longer  be  re- 
garded as  a  theorists  fad  although,  like  all  forward- 
looking  movements,  it  will  probably  justify  neither  all 
of  the  fears  of  its  opponents  or  all  of  the  hopes  of  its 
proponents.  It  possesses  no  magic  to  make  a  2.5  cent 
nickel  worth  twice  as  much  in  the  purchase  of  trans- 
portation as  any  other  commodity.  This  ought  to  be 
self-evident  yet,  less  than  a  year  ago,  a  well  known 
authority  on  street  railway  operation  pronounced  ser- 
vice-at-cost a  failure  because  it  had  increased  fares  in 
Boston  at  a  time  when  almost  every  street  railway  op- 
eration in  the  country  was  attempting  to  extricate 
the  industry  from  the  trap  of  its  own  setting  of  the 
i^ickel-a-ride  fallacy. 

Is  it  then  surprising  that  some  of  the  public  in 
BOine  places  felt  that  they  had  been  burdened  when  a 
service-at-cost  franchise  failed  to  meet  the  rising  costs 
of  operation  with  a  falling  fare.  The  operators,  too, 
have  not  always  met  the  plan  with  full  fairness  and  have 
been  inclined  to  use  it  as  an  "Oh  Lord,  anything"  but 
slyly  trying  to  get  its  advantage  without  conceding  the 
full  measure  of  compensatory  control  by  the  com- 
munity. 

It  is  amusing  to  hear  the  demand  from  some 
(juarters  that  regular  restrictions  be  thrown  aside  and 
the  industry  allowed  to  resimie  its  prewar  normal 
method,  in  the  face  of  the  fact  that  the  old  system  was 
so  faulty  that  it  required  only  the  economic  push  of 
war  conditions  to  bring  about  an  almost  complete  col- 
lapse of  the  industry.  Service-at-cost  is  going  through 
its  infantile  baptism  of  fire.  It  does  not  want  to  Be 
anybody's  fairy  godinother.  It  wants  a  square  deal  to 
show  that  it  is  based  upon  sound  economic  and  govern- 
mental principles.  Under  the  most  favorable  oppor- 
tunities it  cannot  be  a  cut-to  fit  garment  that  will  auto- 
matically produce  standardized  results  in  an  industry 
Vvhich  is  as  variable  as  the  topography,  habits  and  tem- 
peraments of  the  public  it  serves. 

Those  who  do  not  approach  the  consideration  of 
this  question  with  a  full  conception  of  the  public  nature 
of  a  street  railway  enterprise  are  likely  to  fail  in  a 
complete  understanding.  Disregarding  the  liner  dis- 
tinctions of  some  recent  court  decisions,  it  may  be  as- 
sumed broadly  that  a  municipal  government  is  charged 
with  certain  basic  obligations,  one  of  which  is  to 
furnish  the  avenues  and  opportunities  for  convenient 
and  economical  transportation.  If  it  does  not  elect  to 
do  this  by  direct  operation,  it  must  create  an  agency  that 
\\  ill  take  over  the  responsibility  under  its  direction.     It 
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must  see  that  this  agency  puts  itself  in  the  place  of  the 
government  and  deals  fairly  with  the  members  of  the 
community  and  tlie  government  must  deal  fairly  with 
its  agent.  This  is  the  underlying  philosophy  of  the  ser- 
vice-at-cost  plan.  So  much  for  the  fundamentals.  The 
practical  application  of  these  principles  presents  the 
problem  for  consideration. 

Recent  service-at-cost  franchises  have  been  enacted 
under  conditions  complicated  by  the  state  and  municipal 
legal  restrictions,  traditions  and  questions  of  expediency 
and  personal  equations,  so  that  ideal  results  could 
hardly  be  exi^ected.  Every  franchise  differs  from 
every  other  franchise,  and  not  the  slightest  efTort  has 
been  made  by  anyone  toward  standardization. 

For  example,  substantially  eveiy  one  who  has 
thought  upon  the  subject  agrees  that  some  incentive 
should  be  offered  to  the  private  company  beyond  the 
mere  limited  return  upon  the  investment.  Without  this, 
there  is  little  reason  to  expect  the  highest  efficiency  in 
operation  or  the  keenest  efforts  to  obtain  labor  and 
materials  at  the  best  prices,  yet  only  three  of  the  fran- 
chises in  operation,  and  one  of  the  many  that  failed, 
have  any  provision  of  this  character.  All  of  these 
differ.  In  Montreal,  a  bonus  of  )/%  of  one  percent  is 
given  if  the  Company  will  keep  within  102.5  percent  of 
its  operating  allowance.  In  Cincinnati  a  division  of  the 
surplus  is  given  to  the  Company  as  a  reward  for  lower 
fares.  In  Dallas  there  is  an  allowed  graduated  increase 
from  seven  to  nine  percent  in  the  return  for  the  com- 
panies if  fares  are  reduced  from  22  tickets  for  $1.00  to 
32  tickets  for  $1.00.  Denver's  proposed  franchise 
allowed  an  addition  of  one-fourth  of  one  percent  for 
each  reduction  below  6.5  down  to  5  cents,  and  one  per- 
cent if  fares  remained  under  5  cents. 

A  very  interesting  plan  has  been  worked  out  by 
Mr.  T.  Fitzgerald,  a  consulting  engineer  with  wide 
practical  experience,  which  has  not  received  the  at- 
tention to  which  its  importance  entitles  it.  It  provides 
an  incentive  to  furnish  good  service  and  is  predicated 
upon  the  sound  theory  that  the  property  in  street  car 
operation  is  just  as  in  any  other  business.  It  depends 
upon  the  character  of  service  offered.  Increased  busi- 
ness will  follow  properly  increased  service.  Therefore, 
his  plan  of  reward  is  based  upon  increased  traffic.  It 
becomes  an  incentive  to  increased  earnings  rather  than 
impairment  of  service. 

Methods  of  control  are  equally  varying.  ( )ne  city 
centers  the  control,  another  scatters  it  over  various  de- 
partments, even  sharing  with  the  state,  one  gives  direct 
control,  another  indirect  or  implied  control.  In  some 
places  there  is  a  single  headed  department,  in  another  a 
board.  One  city  includes  franchise  taxes,  paving 
charges,  bridge  rentals,  etc.,  as  part  of  the  cost  of  ser- 
vice, another  eliminates  all  of  these  charges.  The  diffi- 
culty in  making  comparisons  under  such  circumstances 
is  obvious. 

What  is  needed  now  is  standardization  based  upon 
experience  and  education  that  will  be  broad  enough  to 


reach  all  of  the  interests  concerned.  No  one  will  dis- 
pute the  statement  of  the  Federal  Commission  that  the 
vital  requirement  of  the  industry  now  is  the  rehabilita- 
tion of  its  credit.  The  service-at-cost  as  yet  has  not 
done  this.  There  are  two  reasons:  One  is  that  the 
public  utility  securities  have  passed  from  the  specula- 
tive to  the  conservative  field,  but  the  investing  mind  of 
the  public  has  not  adjusted  itself  to  the  situation ;  the 
other  is  that  the  banker  has  not  mdicated  "Sold"  on  the 
service-at-cost  idea  and  consequently  has  not  taken  up 
his  legitimate  share  in  the  working  out  of  the  problems. 
The  process  of  getting  this  over  to  him  and  to  his  cus- 
tomers must  be  taken  up  nationally  and  not  piece  meal 
and  it  is  somebody's  job  to  do  it 

It  is  time  to  quit  exchanging  hard  luck  stories  and 
to  get  down  to  brass  tacks.  Perhaps  the  service-at-cost 
idea  is  not  the  solution  but,  aside  from  municipal  owner- 
ship, it  is  the  only  thing  that  has  been  offered.  There- 
fore, isn't  it  common  sense  to  dig  into  it  and  find  out 
Its  strong  and  weak  points  and  work  out  a  standard 
franchise,  elastic  enough  to  fit  the  average  community" 
and  get  the  American  Bankers  Association,  national  and 
local  chambers  of  commerce,  public  officials  and  the 
public  generally  all  over  the  counti-y  to  understand  it 
and  to  bring  as  much  of  it  as  possible  into  practical 
operation  or,  in  the  processes  of  this  procedure,  to  de- 
velop the  ideal  thing  which  is  to  take  its  place  and  re- 
habilitate this  essential  industry.  A  sufficient  number 
of  cities  are  now  operating  under  this  plan  to  afford 
valuable  experience  as  to  the  strong  and  weak  points  of 
the  present  franchises. 


Increased  Railroad  Rates  as  an 
Accelerator   of  Electrification 


M 


CALVERT  TOWNLEY 

Assistant  to  Prfsidunt. 
W'cstinghoiise  Electric  &  Mfg.  Company 

.ViMY  GENERATIONS  of  railroad  officials 
have  been  continually  pestered  by  a  multitude 
of  people  to  try  new  things,  ranging  all  the 
way  from  the  man  with  new  window  hardware  to  the 
expert  who  sa\^  the  roads  could  save  $1  000000  a  day 
if  they  were  projjerl}"  run.  While  perhaps  no  class  of 
men  are  more  keenly  ali\e  to  the  possibilities  of  pro- 
gress, charged  as  they  are  with  the  duty  of  conducting 
safe  and  reliable  transportation,  and  realizing  as  they 
(I<i  the  possible  disaster  which  may  follow  ill  advised 
eNpeiiments.  tlie\  are  |)roverbiaIly  disposed  to  let  some 
one  else  he  the  first  to  try  out  a  new  method.  This 
.ittitnde  of  mind  readily  explains  the  railroad  execu- 
t:\es'  original  attitude  towards  electrification.  This 
;itlitude  was  conhrnicd  l)y  the  perhaps  too  enthusiastic 
and  optimistic  claims  originally  advanced  by  the  advo- 
cates of  electrification,  which  claims  were  further  dis- 
counted by  the  contradictory  statements  made  about  the 
different  systems: 

As  time  passed  and  first  one  and  then  another  of 
the  strong  progressive  railroads  ventured  upon  electri- 
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tication  projects  and  results  began  to  speak  for  them- 
selves, the  mental  attitude  of  railway  executives,  a?  a 
class,  underwent  a  natural  change.  They  were  now 
able  to  obtain  first  hand  information  from  other  rail- 
road men  in  whom  they  had  the  utmost  confidence. 
The  ultimate  result  is  that  the  original  feeling  of  hesi- 
tation and  mistrust  has  largely  been  eliminated  and  has 
been  replaced  by  one  of  confidence,  in  many  cases,  even 
of  wonder  at  the  transportation  miracles  which  elec- 
trification can  perform. 

While  what  might  be  called  this  educational  pro- 
cess was  in  progress  something  else  was  happening. 
Hampered  and  throttled  by  a  poorly  designed  system  of 
regulation,  although  in  the  midst  of  a  period  of  unex- 
ampled industrial  prosperity  for  all  unregulated  activi- 
ties, the  railroads  were  being  slowly  strangled  to  death. 
Their  resulting  impaired  credit,  not  only  increased  the 
hesitation  and  decreased  the  ability  of  their  managers 
to  make  the  heavy  additional  investments  required  for 
electrification,  but  also  turned  all  thought  and  effort  to 
other  immediate  and  more  pressing  problems.  The 
recent  Federal  Railroad  legislation  seems  to  have  been 
a  sincere  attempt  on  the  part  of  our  legislators  to  re- 
habilitate the  financial  status  of  the  transportation  com- 
[.anies,  and  the  action  of  the  Interstate  Commerce  Com- 
mission in  granting  the  full  amount  of  the  rate  increases 
asked  for  by  the  railroads,  indicates  clearly  that  the 
Commission  realizes  the  trend  of  public  opinion  and 
does  not  propose  to  be  held  responsible  for  the  failure 
of  recent  legislation  should  the  results  not  be  all  thai 
has  been  hoped  for.  There  are  indications  that  the 
railroad  men  themselves  not  only  have  a  feeling  of  keen 
satisfaction  at  the  relief  now  afforded  them  but  also 
that  they  realize  that,  having  been  given  all  they  asked 
for  in  the  way  of  rate  increases,  it  is  up  to  them  to 
make  good.  Now  that  the  railroads  are  again  in  the 
hands  of  the  men  in  whom  they  have  had  confidence  in 
the  past,  it  is  reasonable  to  suppo.se  that  the  financiers, 
who  must  be  relied  upon  to  provide  new  railroad 
capital,  will  use  their  best  efforts  towards  rehabilitating 
railroad  credit.  Assuming  these  efforts  to  be  success- 
ful, it  is  natural  to  expect  that  many  electrification  pro- 
jects already  in  various  stages  of  consideration  will 
soon  begin  to  be  authorized  and  that  increased  activity 
ii:  this  branch  of  the  electrical  industry  will  result. 
Rome  was  not  built  in  a  day  and  the  rehabilitation  of  so 
tremendous  and  so  sensitive  a  thing  as  railroad  credit 
cannot  be  accomplished  over  night  We  must  not  be 
disappointed,  therefore,  if  this  predicted  activity  shall 
he  slow  in  developing.  That  it  should  be  slow  is  per- 
haps fortunate  because  the  efforts  of  industry  in  general 
to  catch  up  with  the  demand  for  all  sorts  of  electrical 
equipment  to  supply  the  shortage  brought  about  by  the 
war,  has  overtaxed  the  country's  manufacturing  facili- 
ties, and  it  will  take  some  time  for  these  industries  to 
return  to  a  normal  basis.  As  they  do  so,  if  the  demand 
tor  electrical  products  for  the  railroads  shall  gradually 
grow,  a  very  happy  condition  for  all  concerned  will  be 


cieated.  It  is  a  time  for  patience  and  conservatism  on 
the  part  of  all  concerned  but  we  may  all  confidently 
face  the  future  with  well-grounded  hope  and  abundant 
coiu'age. 


Selection  of  Motors  for  Service 
Conditions 

F.  E.  WYNNE 

Manager,   Railway   Equipment   Engineering   Dept., 
Wcstinghouse  Electric  &  Mfg.  Company 

THE  selection  of  railway  motors  to  meet  service 
conditions  is  a  most  important  preliminary  to 
securing  reliable,  adequate  and  economical  trans- 
portation. It  was  early  recognized  that  the  great 
variety  of  conditions  to  be  met  in  different  localities, 
such  as  profile,  alignment,  climate,  etc.,  together  with 
the  variations  in  speed,  stops  and  live  load  occasioned 
by  the  seasonal,  daily  and  hourly  requirements,  made 
the  correct  application  of  motors  a  real  engineering 
problem  of  no  mean  scope.  The  method  proposed  and 
described  by  Mr.  N.  W.  Storer  in  his  paper*  in  the 
Street  Railway  Journal  for  Jan.  5,  1901,  p.  67,  is 
based  on  meeting  the  fundamental  conditions  with  mo- 
tors having  series  characteristics,  and  is  recognized  as 
the  standard  way  for  choosing  motors  to  meet  the  re- 
quirements of  railway  service  composed  of  a  number 
of  cycles  differing  from  each  other  in  numerous  ele- 
ments. 

Most  of  the  early  railway  motors  (following  the 
pioneer  types)  were  limited  in  commutating  ability  by 
the  state  of  the  art  at  that  time  and  utilized  materials 
rather  liberally.  The  result  was  that  a  motor,  selected 
to  develop  ample  starting  torque  within  its  zone  of 
])assable  commutation  and  to  perform  the  average  ser- 
vice without  exceeding  the  safe  temperature,  possessed 
the  heat-absorbing  capacity  and  ruggedness  to  with- 
stand, without  serious  distress,  the  overloads  en- 
countered in  emergencies.  Various  features  of  pro- 
gress in  electrical  design,  such  as  coinmutating  poles, 
resulted  in  the  develo[)ment  of  motors  having  their  com- 
mutating ability  greatly  increased  as  compared  to  their 
ratings.  This  made  it  possible  to  work  motors  nearer 
their  continuous  ratings  under  average  conditions,  in 
those  cases  where  previousl}'  the  commutation  had  been 
the  real  limit  in  application.  However,  this  was  accom- 
jianied  bj'  higher  average  operating  temperature  and, 
therefore,  less  capacity  to  meet  emergencies,  necessitat- 
ing more  care  in  selection. 

Greater  knowledge  of  the  mechanical  properties 
of  materials,  the  demand  for  weight  reduction,  and  re- 
finements of  design,  such  as  self-ventilation,  further 
modified  motors  to  give  us  the  modem  types.  All  of 
tliese  improvements  tended  to  decrease  the  amount  of 
material  required  for  a  given  rating  so  that  a  40  horse- 
power motor  today  has  very  much  less  ability  to  ab- 
sorb  the   heat   generated  by   short-time   overloads  ^„Ci 

*Keprintc<l  in   revised   form   in   the   Electric  Joirxai.   for 
filly.  iroS.  Vol.  V.  p.  303. 
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emergencies  than  had  a  40  horse-power  motor  of  ten  or 
hfteen  years  ago.  This  is  partly  offset  by  the  lower 
average  operating  temperatures  of  ventilated  motors, 
but  the  net  result  is  that  careful  selection  is  more  im- 
[jortant  than  ever  before.  In  fact,  the  ability  of  rail- 
way motors  to  withstand  the  abuse  to  which  emer- 
gencies subject  them  has  been  seriously  impaired  in  the 
standard  modern  designs.     It  is  yet  physically  possible 


turbine  replaced  the  reciprocating  engine,  thus  affecting 
n  saving  of  one-half  or  two-thirds  in  the  cost  of  power. 
For  the  comfort  and  safety  of  patrons,  as  well  as  tor 
the  increase  in  the  life  of  ecjuipment,  substantial  and 
well-built  rolling  stock  was  substituted  for  the  original 
horse  car.  With  this  came  necessarily  a  heavier  tiack 
construction  with  the  rolled-steel  girder  rail  replacing 
the  former  strap  iron  track  work.     Electric  heaters  re- 


for  such  motors  to  meet  emergencies,  such  as  running  l-laced  the  straw  pile,  and  the  Mazda  lamp  was  substi- 

to  the  barn  with  half  the  motors  in  the  equipment  cut  tuted  for  coal  oil. 

out,  pushing  in  a  dead  car,  and  bucking  snow.  How-  The  development  of  the  electric  motor  and  its  suit- 
ever,  the  penalty  in  damaged  equipment  is  too  great  to  -'ile  control  equipment,  is  a  part  of  the  history  of  elec- 
be  economical,  especially  under  snow  conditions.  The  Hic  railway  operation.  From  the  open  construction, 
situation  is  merely  one  more  instance  for  applying  the  double-reduction  motor  first  installed,  when  flash  overs 
old  adage  that  "You  can't  eat  your  cake  and  have  it."  and  insulation  break  downs  were  of  daily  occurrence. 
In  other  words,  it  is  unreasonable  to  expect  a  motor,  to  the  present  commutating-pole,  enclosed  motor  of  rug- 


refined  to  the  limit  of  light  weight,  to  perform  with- 
out faiku'e  service  wliose  very  nature  requires  an  ex- 
cess of  material  and  capacity. 

This  "red  flag"  is  pertinent  at  this  time,  as  the  sea- 
son of  severe  weather  conditions  approaches.  It  is 
suggested  that  it  be  seriously  considered  to  the  end  that 
suitable  precautions  l)e  taken  and  adequate  equipment 
be  jMovided  to  protect  electric  railway  service  effec- 
tively against  the  repetition  of  such  epidemics  of  break- 
downs as  were  experienced  in  some  localities  during  the 
winters  of  1917-1918  and  1919-1920. 


Service  versus  Fares 

How  Electric  Railway  Companies  are  Making 
Use  of  Operating  Economies  and  Advance- 
ment in  the  Art  to  Offset  Rising  Costs 

J.  W.  WELSH 

Special  Engineer, 
American   Electric   Railway  Association 


THE  skillful  and  efficient  production  of  street  car 
rides  has  always  been,  even  as  now,  the  prob- 
lem facing  electric  railway  managers.     From  the     proportionately  correct  as 
earliest    beginnings    of    street    railway    transportation,     many  of  the  facilities  for  comfort  and  convenience  as 


ged  construction  and  comparative  freedom  from  break- 
down, is  included  a  period  of  hundreds  of  designs,  ex- 
nmples  of  which  may  be  found  on  most  electric  railway 
I'roperties.  Second  only  to  the  introduction  of  the  elec- 
tric motor  has  been  the  adoption  of  improved  air  brake 
equipment,  with  various  auxiliary  appliances  for  I'Oth 
service  and  emergency  operation,  and  for  the  greater 
ease  in  application  on  the  part  of  the  motorman. 

Today,  a  thousand  inventions  and  appliances,  due 
to  the  combined  eff'orts  and  inventive  genius  of  manu- 
facturers and  operators,  cater  to  the  comfort,  conven- 
ience and  safety  of  passengers.  Electric  signal  de- 
vices, electrical  and  mechanical  interlocking  appliances 
for  the  control,  and  simplified  operation  of  doors  ^nd 
steps  have  made  the  handling  of  passengers  safe  and 
eflicient.  Developments  in  car  body  construction,  such 
a-  the  arrangement  of  seats,  aisle  spaces,  platfomi  de- 
t.-iils,  step  heights,  and  improved  means  of  ventilation, 
have  made  riding  on  surface  railways  an  attrac'ion 
rather  than  a  necessary  evil.  Passengers  may  read 
while  riding  and  if  necessar>'.  even  write,  both  now 
c[iffictilt  or  impossible  in  a  bus.  The  modern  electric 
car  is  in  fact  a  'Jtructure  designed  as  carefully  and  as 
steel  bridge,  and  with  as 


when  franchises  were  considered  an  asset  rather  than  a 
liabilit}-,  down  to  the  present  time,  it  has  been  the  great- 
est hope  of  the  industry  that  advancements  in  the  art 
would  result  in  exceptional  profits.  The  changes  from 
animal  to  electric  traction  gave  a  tremendous  stimulus 
to  these  expectations.  It  is  now  a  matter  of  histcny 
how  the  advantages  of  electrification,  such  as  larger 
cars,  increased  speed  and  the  apparent  substitution  of 
a  permanent  investment  in  power  for  a  former  tran;>ient 
rne  in  the  case  of  the  horse,  were  offset  by  the  necessity 
for  an  increased  investment  in  rails,  cars,  overhead  line 
construction,  power  and  other  electrical  equipment,  .nd 


can  be  furnished  readily,  without  sacrificing  its  prnici- 
pal  function  as  a  carrier  of  passengers. 

The  standardization  of  the  facilities  and  equipment 
u  ed  in  electric  railway  operation  has  been  a  goal  long 
(iosired  bv  electric  railway  operators.  Fortunately  or 
unfortunately,  depending  upon  the  viewpoint,  prog;ess 
has  been  so  rapid  that  this  has  been  practically  im- 
possible. Toda\-.  the  standardized  safety  car  is  replac- 
ing the  older  two  man  cars  of  heavier  and  larger  con- 
siruclion,  .idniinible  and  well  fitted  to  the  purpose 
Ihnuvdi  the  bitter  were.  Electrically  and  pneumaticrdly- 
operated  devices  and  the  virtual  automatic  functioning 
of  all  it-  equipment  are  the  features  of  this  late.st  de- 


in  fact  the  substitution  of  a   completely  new   and  ex 

panded    facility   for  one  that   was  obsolete  and   inade-  velopment  in  car  construction,     .\long  with  the  safety 

ruate.  cpr.  in  the  utilization  of  labor  saving  devices,  has  come 

''     'During   the   intervening  years   tremendous   strides  the  automatic  substation,  whereby  the  conversion  and 

w  ere  made  in  the  economic  production  of  all  elements  d-stribution  of  electric  energy,  now  generated  most  tffi- 

cntering   into   the   cost   of   transportation.     The    st':am  rientlv  in  high  powered  turbine  stations,  can  be  secured 
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without  the  aid  of  substation  attendants  as  heretofore. 
Ir  track  construction,  almost  equally  radical  develop- 
ii;ents  have  been  made.  The  bane  of  the  track  man's 
existence  and  the  most  difficult  problem  in  track  con- 
struction, namely  the  rail  joint,  may  now  be  eliminafed. 
Electric  welding  provides  a  continuous  road  of  smooth- 
est steel,  free  from  the  knocks  and  jolts  formerly  con- 
nected with  the  inevitable  worn  out  joints.  Almost 
equally  important  is  the  permanence  and  solidity  of  the 
concrete  track  roadbed  now  largely  used  in  paved  city 
streets. 

Aside  ironi  these  advancements  in  the  physica!  ;irt, 
considerations  of  efficiency  and  methods  of  economic 
operation  have  been  the  subject  of  much  study  in  the 
field  of  actual  operation  from  the  traffic  standpoint. 
Primarily,  the  function  of  a  city  transportation  svNlem 
is  to  provide  convenient  and  adequate  communication 
along  the  arteries  of  traffic  flow.  Its  efficiency  is 
measured  by  its  success  in  fitting  units  of  service  to  the 
traffic.  The  determination  of  the  origin,  destination, 
direction,  intensity  and  time  of  the  traffic  stream,  and 
the  fixing  of. car  schedules  for  the  greatest  good  of  the 
greatest  number,  is  the  real  problem  in  transportation 
engineering.  In  many  cases  this  involves  the  elimina- 
tion or  abandonment  of  certain  service  which  is  oper- 
ated in  duplicate;  the  installation  of  turn-back  service 
r.t  the  outer  ends  of  routes;  the  establishment  of  cross 
town  routes  to  reduce  the  length  of  haul ;  the  operation 
of  shuttle  cars  on  the  stub  end  lines,  and  in  general  the 
scientific  routing  of  all  cars  to  meet  the  traffic  demand, 
based  on  surveys  showing  the  actual  trend  of  traffic. 

Many  improved  operating  methf)ds  of  more  or  less 
recent  develoi)ment  have  come  to  improve  further  the 
efficiency  of  operation.  It  is  recognized  that  the  most 
important  factor  in  transportation  is  speed,  both  from 
the  standi)oint  of  the  passenger  and  the  company.  To 
this  end,  the  skip  stop  was  instituted,  although  primarily 
e.'^tablished  as  a  power  saving  device.  It  is  notable, 
however,  that  this,  as  well  as  many  other  methods  for 
speeding  up  cars,  is  based  on  the  elimination  of  stand- 
still and  the  slower  running  times,  with  a  view  of  bring- 
ing up  the  average  speed,  rather  than  on  any  increase 
in  the  maximum  running  speed.  Among  such  schemes 
are  the  use  of  .safety  zones  and  loading  platforms  to 
facilitate  boarding  and  alighting;  the  multiple  berthing 
of  cars  at  congested  street  intersections;  the  improve- 
ments in  traffic  regulations,  whereby  vehicles  are  kept 
I'ff  the  tracks  and  cars  given  the  right  of  way;  the 
elimination  of  parking  of  automobiles  in  certain  dis- 
tricts, thus  increasing  the  effective  width  of  .street  and 
increasing  the  number  of  lines  of  vehicles  for  a  given 
street;  the  rerouting  of  cars  and  vehicles  to  reduce  de- 
lays; and  the  utilization  of  the  one  way  traffic  principle 
on  certain  streets.  In  fact,  scientific  studies  are  now 
made  of  the  traffic  capacity  of  congested  streets  and  im- 
portant intersections,  and  changes  in  routing  and  tr.-'.ffic 
logulations  are  made  to  prevent  excess  loading. 

With  .ill  iif  these  facts  in  the  possession  of  the  elec- 


tric railway  management,  the  co-operation  of  the  public 
must  be  secured  by  means  of  suitable  publicity.  The 
electric  railway's  problem  is  largely  now  the  public's 
problem.  Never  before  has  the  man  on  the  street  had 
an  opportunit)-  of  becoming  so  conversant  with  the  de- 
tc.ils  of  street  railway  service  as  at  present.  The  prob- 
lems of  power  supply,  the  increase  in  cost  of  labor  and 
material,  the  questions  of  car  service,  are  all  matters  of 
public  information.  The  financial  statistics  of  electric 
ijiilway  companies  are  no  longer  a  mystery  nor  a 
secret.  Ciood  service  is  understood  to  be  good  cars, 
good  roadbed,  better  speed,  frequency,  comfort,  safety, 
regularity  and  the  courtesy  of  employes. 

Probably  the  most  significant  change  that  has  taken 
place  in  the  transportation  industry  is  the  loss  of  its 
supposed  character  as  a  monopoly.  It  is  now  in  ccm- 
[I'ition  not  only  with  the  automobile,  the  motor  bus  and 
the  jitney,  but  also  with  the  telephone  and  telegraph. 
Electric  railways  now  realize  as  never  before  that  they 
p  ust  sell  their  transportation  just  as  the  merchant  sells 
bis  goods. 


Purchased  Power  for  Traction 

H.  L.  KIRKER 

Railway  Service  Engineer, 
Westinjihonse  KIcclric  &  Mfg.  Company 

Till',  time  was  when  mother  made  the  small  boys' 
clothes.  She  did  the  tailoring,  not  because  she 
loved  the  work,  but  for  the  simple  reason  that 
leady-made  clothes  were  not  available.  Likewise,  the 
time  still  is  when  many  electric  .roads  run  power 
plants,  and  they  are  running  them,  not  for  the  fun  of  it, 
Init  for  the  good  reason  that  "purchased  power"  is  not 
to  be  had.  The  interurban  manager  cherishes  no  illu- 
Mons  regarding  the  power  plant.  He  has  seen  the  ro- 
ir.ance  of  pioneer  days  flit  out  the  window  as  efficiency 
v,alked  in  the  office  door.  He  knows  that  his  plant  of 
ton  or  twenty  years  ago,  with  all  its  betterments,  cannot 
produce  power  as  cheaplj-  as  he  could  buy  it,  if  he  were 
in  the  zone  of  a  superpower  plant  of  today.  He 
realizes  that  the  production  of  power  and  the  produc- 
tion of  transportation  are  two  distinct  fields  of  public 
service,  each  a  specialty  of  an  exacting  nature,  and  that 
iiiterirrhans  are  no  longer  a  popular  investment. 

Selling  transportation  at  .t  reasonable  profit  has 
long  since  become  a  feat  of  rare  occurrance,  and  never 
■SO  rare  as  now.  How  to  kee|i  the  outgo  from  eclipsing 
the  income  is  the  problem.  The  answer,  of  course,  is 
to  decrease  the  former  and  iiicrea.se  the  income.  A 
leasonable  increase  in  rates  would  be  a  great  boon  to 
the  interurban,  but  before  the  Commission  will  allow 
an  increa.se,  the  road  must  .show  that  it  is  doing  its  best 
with  the  facilities  available,  and  still  is  not  getting  a 
lair  return.  Scanning  the  op>erating  expenses  in  search 
of  further  economies  discloses  no  promising  prospects. 
Minimizing  "iMaintenance  of  Way  and  Structures,"  and 
"Maintenance  of  Equipment"  is  only  compounding  the 
expense.      The   biggest  group  of   all   the  operating  ex- 
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penses,  "Conducting  Transportation",  is  the  one  over 
which  the  management  has  least  control.  The  remain- 
ing groups,  except  "Power",  are  small  and  if  shrinkage 
remains  in  any  group,  it  is  in  "Power". 

Power  ranges  as  high  as  twenty-five  percent  of  the 
operating  expenses.  A  reduction  in  kw-hr.  consump- 
tion or  kw-hr.  price  might  be  possible.  The  obvious 
ways  of  reducing  consumption  are, — better  handling 
of  cars,  use  of  more  efficient  equipment,  use  of  lighter 
cars  with  modern  equipment,  use  of  automatic  substa- 
tions (they  run  only  when  they  work)  and  curtailing 
of  wasted  kw-hr.,  though  this  is  a  difficult  achievement 
when  the  current  comes  from  the  family  plant.  It  is 
equally  obvious  that  these  betterments  might  require 
financing  and  supervision  that  are  prohibitive. 

A  reduction  in  the  price  per  kw-hr.  is  possible,  if 
the  plant  economy  can  be  bettered,  but  betterments  soon 
reach  the  point  of  diminishing  returns  when  applied  to 
models  of  a  decade  ago.  The  alternative  is  purchased 
power,  provided  there  is  a  modern  plant  within  tapping 
distance.  Purchased  power  at  an  attractive  price,  a 
cut  in  the  substation  payroll  effected  by  automatic  sub- 
stations and  a  more  productive  use  of  power,  due  to 
closer  scrutiny  of  application  that  obtains  when  current 
comes  through  a  taximeter  instead  of  from  the  Com- 
pany's generous  power  plant,  would  achieve  a  reduction 
in  power  costs.  However,  all  possible  reductions  in  op- 
erating expenses  that  the  analysis  may  show  are  not 
sufficient  to  meet  the  case.  A  reasonable  rate  also 
must  obtain. 

In  the  meantime,  the  power  industry  is  expanding 
ai:  a  rapid  rate  and  plants  are  being  interconnected. 
The  intemrban  cannot  migrate  to  the  power  plant,  but 
power  systems  are  stretching  out  and  steadily  increasing 
contact  with  the  interurbans.  The  interconnection  of 
power  plants  is  not  only  a  possible  source  of  relief  for 
many  .small  roads,  but  for  some  of  the  big  ones  as  well. 
Many  of  the  latter  are  consolidations  of  one  time  inde- 
pendent lines  and  the  merger  has  led  to  a  consolidated 
power  plant.  There  are  numerous  traction  centers 
from  which  several  such  interurban  systems  radiate. 
The  inter-connection  of  these  consolidated  plants  like- 
wise offers  possibilities  for  economies  and,  as  ob- 
solescence claims  even  these  big  plants,  would  logically, 
lead  to  a  superplant  for  all  the  roads  in  the  territory. 

The  steam  road  projecting  an  electrification  should 
be  able  to  buy  power  as  it  buys  coal,  delivered  to  the 
track.  This  would  narrow  down  the  road's  electrical 
in\estment  to  practically  the  trolley  construction  and 
the  locomotives.  However,  it  is  indispensable  that  the 
|.ower  ]irice  be  reasonable  and  that  the  supply  be  re- 
hable.     The  big  power  company  is  a  professional  in  the 


matter  of  power  production  and  has  a  diversity  of  load 
that  gives  the  reserve  equipment  plenty  to  do.  The 
power  company  accordingly  can  take  on  the  railroad 
load  with  less  increase  in  operating  expense  and  in- 
vestment than  the  railroad  would  incur  in  producing  its 
own  power.  The  investment  charge  has  to  be  paid  in 
either  case.  Buying  powej",  the  road  pays  the  invest- 
ment charge  on  the  power  plant,  the  high  tension  system 
rnd  the  substations  as  an  operating  expense,  in  the  price 
for  current,  in  the  same  way  that  it  pays  the  invest- 
ment charge  on  the  coal  mine  and  plant  in  the  price  of 
coal.  The  fact  that  the  investment  charge  and  operat- 
ing expense  are  relatively  less  for  the  power  company 
than  for  the  railroad  means  that  the  railroad  should  be 
able  to  buy  power  cheaper  than  it  can  produce  it. 

Independent  of  the  matter  of  price,  the  matter  of 
reliability  of  supply  is  the  one  of  first  importance  to  the 
railroad.  But  it  is  equally  important  to  the  power 
company,  with  not  only  the  railroad  dependent  upon  it. 
but  factories  and  general  illumination  as  well.  The 
power  company  must  and  does  take  the  necessary  pre- 
cautions to  protect  its  customers  and  is  probably  better 
safeguarded  against  shutdowns  than  the  railroad  is 
against  washouts. 

That  the  power  company  can  meet  the  exacting  de- 
mands of  railroad  service  is  demonstrated  daily.  The 
Pennsylvania  Railroad  buys  power  for  its  Philadelphia 
electrification.  The  Michigan  Central  buys  power  for 
the  Detroit  River  Tunnel  locomotives.  The  Grand 
Trunk  Railway  now  buys  power  for  its  St.  Clair  Tunnel 
electrification.  The  Piedmont  Traction  buys  power. 
The  Milwaukee  buys  power  for  all  its  660  miles  of  elec- 
trified route.  The  Spokane  and  Inland  Empire  buys 
part  of  its  power.  So-  do  many  other  roads  in  the  west, 
LS  well  as  in  other  parts  of  the  country.  Power  pro- 
duction has  become  a  huge  business.  It  is  a  basic  in- 
dustry like  transportation,  and  supplying  energy  for 
transportation  is  one  of  the  big  roles  it  is  destined  to 
play. 

A  proper  form  of  contract  between  the  power  com- 
[lany  and  the  railroad  is  being  evolved.  It  is  fair  to 
both.  It  is  self-explanatory  and  safeguards  both  in- 
\estnients,  and  is  capable  of  revision  to  meet  changing 
conditions.  We  are  not  talking  indiscriminate  pur- 
chase of  power  for  electric  roads.  It  is  not  a  universal 
solvent.  Each  road  requires  1  special  study  of  its 
1  ower  problem.  The  subject,  however,  is  timely  and 
v>e  are  quite  sure  that  many  an  interurban  manager 
with  a  power  plant  on  his  hands  and  losing  sleep. 
wrestling  with  ways  and  means  to  increase  his  "Net",  is 
giving  serious  attention  to  the  matter  of  purchased 
I'ower.     It  merits  discussion. 


JVacUcnl  .i^/(Riiio«l-s  for  MliHuu/AiX'/,  I'ossiole    Trou^Jes 

JOHN  S.  DtAN 

Railway  Motor  Dcpt., 
,  VVcstiiighouse  Electric  &  Mfg.   Company 


TH1-;  J'R(_)B1,I'^M  of  opeialing  stfeet  cars  during 
tlie  winter  season,  especially  in  the  sections  of 
our  country  frequented  by  heavy  snow  storms,  is 
one  that  vitally  interests  all  street  railway  men  from 
the  president  down  through  the  organization  and  in- 
cluding the  men  in  the  shops  and  car  barns.  To  the 
officials  a  snow  storm  means  financial  loss,  due  to  re- 
duced earnings  and  increased  operating  expenses,  and 
in  addition  creates  an  antagonistic  public  sentiment 
very  detrimental  to  the  interests  of  the  company.  To 
the  average  employe  of  the  company  it  means  longer 
hours  of  labor,  followed  by  physical  discomforts,  and 
in  spite  of  their  increased  earnings  and  larger  pay 
envelopes,  they  become  inefficient  and  discouraged,  with 
a  resultant  breaking  down  in  morale. 

Depending  upon  the  geograjjliical   location   of  the 
f^pernting    company,    interest    in    this    subject     \.irie-. 


I  -\ii\\      (  li.Nlll  rillN,-     H  111!    II     C.W     (iNI  it       Ml 

urrn  sfeci.m.  Kijrii'.MKNr 
Operators  in  the  extreme  south,  need  give  this  subject 
but  a  passing  thought,  while  railway  companies  facing 
conditions  such  as  shown  in  Fig.  i,  are  vitally  interested 
in  this  subject.  It  is  generally  conceded  that  in  this 
country  a  line  passing  through  Washington,  Cincinnati 
and  St.  Louis,  approximately  the  37th  degree  of  lati- 
tude, represents  an  intermediate  point  between  the  two 
extreme  conditions  referred  to  above. 

WJIV    iMOTOUS  ANt>   l.QUII'M  KNT    l".\Ii. 

Careful  analysis  of  the  operating  conditions  and 
equipment  failures  on  a  number  of  street  railway 
properties  during  the  winter  season,  combined  with  an 
expression  of  opinion  from  a  number  of  men  closely 
allied  with  the  railway  industry,  shows  the  following 
primary  causes  as  being  largely  responsible  for  equip- 
ment failures: — 

a — Heavy  snow  stoims  block  the  track,  subjecting  the 
equipment  to  an  undue  overload. 


b — Inadequate  and  inellicient  snow  fighting  ■  quipment 
is  unable  to  keep  tracks  clear,  thus  compelling  the  use  01 
passenger  cars  to  do  a  large  share  of  this  work, 

c — Snow  and  ice  is  packed  between  the  rails  by  auto- 
mobiles and  heavy  trucks.  Under  these  conditions  cars 
are  lifted  ofT  the  rails  by  motors  riding  on  the  ice,  thereby 
spinning  the  wheels  and  roasting  out  the  windings.  Motors 
are  overloaded  and  sometimes  burned  out  as  the  result  of 
gear  cases  rubbing  open  on  the  ice  and  allowing  the  snow 
and  ice  to  pack  in  the  case,  jamming  the  gears. 

d — When  a  thaw  comes  the  snow  melts  rapidly,  and 
with  sewers  choked,  the  tracks  are  covered  with  water  and 
slush  through  which  cars  nn;  t  operate,  resulting  in  wet 
motors,  due  to  wheel  splash  and  to  depressed  sections  of 
the  track  pocketing  the  water. 

c — Cars  are  used  to  pull  in  cripples,  overloading  the 
motors. 

/ — Due  in  most  cases  to  forced  neglect  of  maintenance, 
the  equipments  arc  in  a  general  rundown  condition,  and 
are  ph\  sically  unfit  to  meet  the  emergencies  caused  by 
overloads. 

g — All  available  equipments  are  overworked,  as  a  result 
of  the  many  crippled  cars  in  the  l>arn  and  the  increased 
travel,   due  to  poor  weather  conditions. 

/(—  .\n  increased  number  of  mechanical  failures  is  due 


10  the  extreme  low  temperature,  frozen  condition  of  the 
road  bed,  and  to  the  action  of  the  frost  on  the  road  bed 
and  track. 

i — .Sweating  of  motors  that  are  parked  in  zero  weather 
all  night,  after  being  worked  to  the  maximum  temperature 
the  previous  day. 

/—General  demoralization  of  schedule,  due  to  crippled 
cars  and  stranded  automobile  trucks  tying  up  traffic. 

A'-Rough  and  careless  handling  of  the  equipment  by 
the  train  incn,  who  are  forced  to  make  up  lost  time  due 
to   unavoidable   delays.    • 

I — Extreme  cold  weather  and  uncomfortable  condition 
of  the  pits  and  car  l)arns,  reducing  the  efficiency  and  the 
morale  of  the  workmen,  resulting  in  makeshift  repairs  and 
poor  maintenance. 

m — Poor  shipping  facilities,  resulting  in  a  scarcity  of 
repair  parts  to  maintain  the  equipment  properly. 

KI-.I.ATION  01-   I-AILlR[-:s  TO  TYl'ICS  AND  MAKES  OF  MOTORS 

The  experience  of  the  past  few  years,  and  espe- 
cially the  past  winter  in  certain  sections  of  the  country,, 
has  demonstrated  that  in  order  to  cope  effectively  with 
the  heavy  snow  fall  and  severe  winter  weather  condi- 
tions, adequate  preparation  must  be  made.  An  effi- 
cient snow  fighting  organization,  with  effective  e<iuip- 
i.ient.  must  be  maintained  to  combat  these  unusual  op- 


October,  1920 


THE   ELECTRIC  JOURNAL 


439 


crating  conditions  properl)-.  Evidence  collected  from 
15  representative  operating  companies  by  an  official  of 
a  large  railway  company  in  New  England  was  segre- 
gated and  tabulated,  showing  that  armature  failures  due 
to  severe  winter  conditions  during  the  early  part  of  the 
present  year  were  on  the  average  about  equally  divided 
between  those  of  the  two  large  motor  manufacturers. 


,        FIG,    3 — SELF   PROPELLED    NOSE    PLOW    FOR    SIN(.LE   TR\Lk    RO\D 

It  further  showed  that  approximately  the  same  percent- 
age of  failures  occurred  on  both  the  commutating-pole 
and  noncommutating-pole  motors  and  with  the  non-ven- 
tilated as  well  as  with  the  ventilated  type  of  motors, 
which  indicates  that  this  epidemic  of  motor  trouble 
during  unusual  weather  conditions  is  no  respecter  of 
the  manufacturer  or  the  type  of  motor  construction.  It 
v/as  definitely  shown  that  certain  properties  operating 
imder  practically  the  same  conditions  had  less  trouble 
than  others,  which  was  only  accounted  for  by  their 
more  thorough  preparedness  to  meet  these  emergencies. 

I'KOPOSKD    METHODS   TO   RKDUCF.    FAILURES 

Some  of  the  lessons  learned  by  this  investigation 
and  from  data  obtained  through  other  sources  of  in- 
formation bearing  on  this  subject,  which  were  gathered 
from  a  number  of  other  railway  companies  operating 
in  various  i)arts  (.)t  the  country,  have  suggested  the  fol- 
lowing points. 

Organization — It  is  of  vital  importance  to  ha\e 
an  efficient  and  well  organized  bodv  of  trained  men  un- 


uiileage  basis,  and  at  least  once  a  year  all  equipment 
should  be  given  a  general  overhauling. 

Dipping  and  Baking — Completely  wound  arma- 
tures and  field  coils  that  have  been  thoroughly  treated 
by  dipping  and  baking,  using  a  good  grade  of  baking  in- 
sulating varnish,  have  been  found  to  withstand  the 
water  and  moisture  encountered  during  the  winter  sea- 
sun  with  less  resultant  trouble  than  untreated  windings. 


FIG.    5 THE    PUSH     TYPE    OF    SNOW    PLOW 

This  treatment  of  windings  has  been  highly  recom- 
mended as  a  means  of  fortifying  them  against  grounds 
;>nd  short-circuits.  Reports  submitted  in  the  above  in- 
vestigation by  two  (operating  companies  who  did  not  dip 
and  bake  their  armatures  show  that  58  and  43  percent 
of  the  total  number  of  armatures  in  service  had  failed, 
while  two  other  companies  that  give  their  armatures  this 
treatment  reported  armature  failures  of  only  20  and 
14.5  percent,  respectively. 

Motor  Leads  and  Car  Wiring — All  motor  leads 
should  be  cleated  to  prevent  rubbing  and  chafing,  and 
thus  reduce  the  number  of  grounded  or  broken  leads. 
T.roken  leads  may  occur  and  cars  be  operated  with  only 
ihree  motors  in  service  for  some  time  without  detection, 
I  bus  overloading  the  motors  and  roasting  the  insulation. 
.\  heavy  coating  of  moisture  proof  asphaltum  paint  pro- 
tects these  leads  against  snow  and  water.  x\ll  unpro- 
tected car  wiring  should  be  well  cleated  to  prevent  rub- 
bing, and  should  be  painted  with  a  heavy  asphaltum 
paint  to  keep,  out  the  snow  and  water. 

Motor  Covers — Suitable  tight  fitting  sdlid  comnui- 


(ler  the  suiiervision  of  a  competent  master  meciianic  to 
take  care  of  all  repairs. 

Regular  and  Systeinatie  Inspection — To  keep  all 
equipment  tuned  up  to  meet  emergencies  and  to  catch 
partial  defects  in  equipment  before  they  go  too  far  and 
cripple  the  cars  in  service,  regular  and  frequent  inspec- 
tions should  be  made  at  stated  intervals  of  time  or  on  a 


-  I   N.NDAKJl     FIJI    IPMKN  r 

t;^tor  and  liaiul  hole  covers  should  be  placed  on  all  noii 
\entiiated  motors,  to  prevent  snow  and  wheel  wash 
from  getting  inside  the  frame  and  damaging  the  wind- 
ings and  the  brush  holders.  Armature  and  axle  bear- 
ing oil-well  covers  and  all  dust  shields  should  be  made 
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tight  fitting  and  should  be  securely  fastened  to  keep 
water,  dirt  and  snow  from  getting  into  the  bearing. 
Motors  of  the  ventilated  type,  that  ordinarily  operate 
with  perforated  covers,  .should  be  provided  with  solid 
covers  wholly  or  in  part  for  winter  service.  The  appli- 
cation of  solid  covers  to  these  motors  should,  to  a  large 
extent,  be  controlled  by  local  conditions,  such  as  the 
maximum  operating  temperature  of  the  motors  and  the 
severity  of  the  winter,  as  judged  from  the  average 
yearly  snow  fall.  In  general,  where  the  operating  tem- 
peratures are  as  low  as  55  to  60  degrees  C.  rise,  solitl 
covers  should  be  applied  during  the  winter  months  in 
localities  subject  to  snow.  If  the  operating  tempera- 
tures are  above  75  degrees  C.  rise,  and  the  snow  fall  is 
light,  the  regular  ventilated  covers  should  be  u.sed  all 
the  year  round.  Where  the  snow  fall  is  heavy,  solid 
covers  should  be  applied  during  the  winter  months,  re- 
gardless of  the  temperatures. 

Motor    Drain    Holes    which    are    provided    in    the 
bottom    1)1"    the   motin-    frame   castings   quite   often   be- 


in-     7      I  II I     i;iH  .\i;'i    n  (iW 
I  he  snow  is  sliced  by  tin-  cnttiii.^  blades  at  the  front  of  tin- 
car   and   thrown  out   to   one   side  by   the   fan  just 
behind  the  cutting  blades. 

<:()me  clogged  with  dirt,  snow  or  ice.  During  the  regu- 
lar inspection  period  these  holes  should  be  cleaned  out 
and  openings  cleared. 

Gear  Cases  are  subjected  lo  bumps  and  severe 
strains,  due  to  snow  and  ice  between  the  rails,  and  for 
this  reason  they  should  be  clamped  securely  to  the  sup- 
porting lugs,  by  keei)ing  the  clamping  bolts  drawn  up 
tight  and  securely  locked.  The  two  hahes  should  be 
■carefully  fitted  together  ami  all  co\ers  made  tight  \" 
keep  out  the  snow  and  water. 

.Ixle  Cap  and  Motor  Frame  Bolts— ll  is  verv  im- 
■|)ortaiit  that  all  bolts  on  the  motors  be  kei>t  tight  and 
securely  locked,  to  prevent  parts  from  working  loose, 
thus  allowing  water  to  enter  into  the  motor  frame  and 
bearings.  These  bolts,  which  .should  be  made  of  a  spe 
•cial  heat  treated  steel,  should  be  carefully  gone  over 
and  tightened  at  each  regular  inspection. 

Bearings — By  giving  careful  attention  to  the  pack- 
ing and  oiling  of  bearings,  using  a  clean,  long-fibre  wool 
waste  and  a  good  grade  of  winter  car-oil,  bearing 
trouble  will  be  reduced  to  a  minimum.     A  further  great 


saving  in  maintenance  and  reduction  in  the  number  of 
motor  failures  can  be  obtained  by  a  careful  and  regular 
gauging  of  the  armature  bearing  wear,  using  a  feeler 
gauge  in  the  air-gap.  Bearings  that  are  worn  approxi- 
mately 1/16  inch  should  be  replaced  to  prevent  the 
armatures  from  getting  down  on  the  poles  and  damag- 
ing the  windings. 


IK,.    8 — ROTAHV    SNOW    I'WW    IN    ACTION 

On   the   Holyoke    Street    Railway   lines. 

Detail  Apparatus — The  windings  and  leads  of  all 
detail  apparatus  should  be  thoroughly  painted  with  a 
good  grade  of  asphaltum  paint  and  should  be  provided 
with  tight  fitting  covers.  Suitable  splash  guards  should 
be  properly  located  to  prevent,  so  far  as  possible,  the 
snow  and  slush  from  lodging  on  resistance  grids,  mo- 
tors, wiring,  and  other  parts  of  the  equipment. 

Available  Spare  Parts — It  is  good  practice  to  keep 
an  ample  supply  of  spare  parts  in  stock  to  meet  emer- 
gencies. This  is  especially  important  at  the  present 
time,  owing  to  the  long  delivery  date  for  spare  parts 
lorced  upon  the  manufacturer  by  the  condition  of  the 
labor  and  material  market.  It  is  also  well  to  remember 
that  the  shipping  facilities  are  not  very  reliable  during 
the  winter,  and  although  the  material  may  be  available 
for  shipment,  any  promise  of  delivery  cannot  be  de- 
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iiiditions. 


MC.   9 — CUT    MADE   IIV    ROTARY   .SNdW    PLOW   AT    HOI.VOKE,   MASS. 

Condition  of  Pit  and  Barn — A  factor  that  is  too 
often  overlooked  is  the  condition  of  the  inspection  pit 
and  car  barns  during  the  winter  season.  In  many 
cases  the  pits  are  poorly  lighted,  wet,  dirty  and  littered 
with  tools  and  broken  repair  parts.  Many  car  barns 
,ire    not    provided    with    storm    doors,    and    are   poorly 
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heated,  resulting  in  cold,  damp,  vincomfortable  condi- 
tions under  which  the  men  are  compelled  to  do  their 
work.  These  conditions  have  a  tendency  to  reduce  the 
efficiency  of  the  workmen,  who  slight  their  work  and 
congregate  around  a  stove  to  thaw  out  and  be  comfort- 
able. 

SNOW    FIGHTING   AND   EQUIPMENT 

The  organization  of  a  city  fire  department  is  con- 
sidered to  be  the  last  word  in  preparedness  for  combat- 


FIG.     10 — ROTARY    ICE    CUTTER 

Used  by  the  International  Railway  Co.,  Buffalo,  N.  Y. 

ing  fires.  It  has  been  suggested  that  the  snow  fight- 
ing forces  of  a  street  railway  company  be  organized 
along  similar  lines.  Experienced  and  reliable  crews 
should  be  assigned  to  the  different  types  of  snow- 
fighting  equipment  operating  from  the  various  car 
barns,  so  that  on  a  comparatively  short  notice  this 
equipment  can  be  placed  in  service  to  clear  the  tracks. 
.]  Definite  Program — Railway  operators  can  learn 
much  from  the  army  strategists,  who  before  any  im- 
portant battle,  make  a  careful  study  of  the  minutest  de- 
tails of  the  strength  and  the  distribution  of  the  enemies' 
forces,  to  determine  their  vulnerable  points.  With  this 
information  and  with  definite  knowledge  of  their  own 
strength,  an  attack  is  planned  and  executed  with  clock 
like  precision.     In  pre|iaring  to  fight  snow,  the  operat- 


FIG.    II — ^lETHOD    OF    Dkli  ill!      I.E    CUTTER 

ing  companies  should  make  a  careful  study  of  the  situa- 
tion and  map  out  a  definite  program  which  should  take 
into  consideration  the  following  points  :— 

a — Available  snow  fighting  equipment. 

b — Condition  of  equipment. 

c — Spare  equipment  and  parts. 


(/ — A  study  of  weather  conditions. 
<■ — Nature  and  severity  of  snow  fall. 
/ — Assignment  of  the  crews. 
g — Routes  of  sweepers  and  plows. 
/( — Time  of  starting. 
1 — Emergency  and  relay  crews. 

/ — Sufficient  power  supply — consider  the  use  of  portable 
sul)stations. 

k — Rc-arrangemcnt  of  schedules. 

Equipment — Each  individual  operating  company 
should  determine  the  requirements  for  snow  fighting 
apparatus  based  upon  past  experience.  Railway  com- 
panies with  inadequate  equipment  are  compelled  to  use 
passenger  cars  to  keep  their  right-of-way  open.  Cars 
that  are  used  in  bucking  snow  may  do  this  work  with- 
out showing  any  immediate  apparent  injury  to  the  mo- 
tors, but  it  should  be  definitely  understood  that  the  ex- 
cessive overheating  of  the  motors  by  this  overloading 
weakens  the  insulation  of  the  winding  and  shortens  the 
life  of  the  equipment.  This  is  especially  true  in  the 
case  of  cars  equipped  with  the  light  weight  ventilated 
type  of  motor,  \A'hich  has  a  lower-  short-time  overload 
rating. 

The  problem  of  keeping  electric  railway  tracks 
clear  of  snow  and  ice  during  the  winter  season  has  been 
the  means  of  developing  a  variety  of  ingenious  devices. 


some  of  which  have  become  standard  pieces  of  appara- 
tus and  are  used  quite  extensively  by  all  of  the  rail- 
roads. One  great  fault  in  connection  with  this  class  of 
apparatus,  and  which  is  common  with  too  many  opera- 
tors, is  the  use  of  old  and  obsolete  electrical  equipment 
which  is  nearly  ready  for  the  scrap  pile,  resulting  in 
snow  fighting  machines  that  are  not  always  reliable. 
X'arious  types  of  apparatus  used  to  clear  the  tracks  of 
snow  and  ice,  the  details  of  which  are  well  known  to  all 
railway  operators,  will  be  touched  ujion  only  in  a 
general  way. 

■A  Snow  Sweeper  consist  of  either  a  four  wheel  or 
eight  wheel  self-propelled  car,  with  a  motor  driven 
broom,  rotating  at  an  angle  on  the  forward  end  of  the 
car,  which  brushes  the  snow  from  the  tracks,  as  shown 
in  Fig.  2.  This  kind  of  apparatus  is  best  adapted  for 
use  in  light  snows  and  for  city  work  in  general. 

A  Snow  Plow  consist  primarily  of  a  car  with  either 
four  or  eight  wheels,  self-propelled  or  pushed,  having  a 
metal  or  wooden  .shaped  nose  on  the  front  end,  which 
forces  the  snow  from  the  track.  This  kind  of  appara- 
tus is  best  suited  for  deep  snows  and  for  suburban  and 
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ir.terurban  lines.  The  various  tyi)es  of  snow  plows 
are: — 

The  A'osc  Flow,  Fig.  3,  with  the  lip  or  point  of  the  plow 
coinciding  with  the  center  of  the  track,  is  self  propelled 
and  forces  the  snow  on  both  sides  of  the  right  of  way. 
This  type  is  best  suited  to  clear  the  snow  from  single 
tracks. 

The  Shear  Flow,  Fig.  4,  with  the  tip  or  point  of  the  plow 
offset  from  the  center  of  the  rails,  is  self-propelled 
and  forces  the  snow  to  one  side  of  the  right  of  way. 
This  type  of  plow  is  most  commonly  used  to  clear  the 
snow  from  double  tracks. 

The  Fush  Flow,  Fig.  5,  consists  of  a  specially  built  car 
having  the  plow  integral  with  the  body  of  the  car, 
which  must  be  pushed  by  an  external  source  of  power. 

The  Filut  Flozv,  Fig.  6,  consists  of  a  .sheet  metal  plow 
adapted  to  the  front  end  of  any  standard  type  of  self- 
propelled  passenger,  freight  or  express  car. 

The  Rotary  Flow,  Fig.  7,  consists  of  a  self-propelled  or 
an  externally  driven  car,  with  a  motor  driven  fan 
mounted  at  the  front  end,  which  throws  the  snow  a 
considerable  distance  from  the  road  lied.  This  type  of 
plow  is  best  suited  for  use  in  high  drifts  and  deep  snow. 

Special  Apparatits — Other  detail  apparatus  used  in 
fighting  ice  and  snow  is  as  follows : — 

.Show  Scrapers  are  fastened  to  the  cars  directly  in  front 
of  the  wheels  to  clear  awav  the  snow. 


removed  In-  taking  out  eight  bolts.  This  cutter,  which 
is  spring  supported,  can  be  raised  or  lowered  through  a 
range  of  four  inches  to  adjust  itself  to  the  thickness  of 
the  ice.  This  machine  is  run  over  the  tracks  and  cuts 
the  ice  from  between  the  rails.  It  is  followed  by  a 
sweeper  that  clears  the  chopped  ice  from  the  tracks. 
This  apparatus  has  proven  so  successful  during  the 
l.ast  year  that  two  more  similar  inachines  are  being 
built.* 

.\  similar  dexice  has  been  built  by  another  com- 
pany, but  so  far  it  has  not  been  given  a  thorough  tiT 
out  in  service.  In  general  it  is  similar  to  the  machine 
described  above,  except  that  the  cutters  consist  of  a 
number  of  old  gears,  with  alternate  teeth  cut  away. 

A1'I>AU.\TX'S    MODIFIIiD   FOR   SNOW    FIGHTING 

One  large  operating  company,  whose  present  equip- 
ment consists  of  42  plows  and  12  sweepers,  is  planning 
to  add  to  their  equipment  for  the  coming  winter.  They 
liave  arranged  to  utilize  36  double-truck  freight  cars, 
having    discontinued    their    freight    service,    and    have 


FIG.    13 — SNOW    SWKEl'ER   MOUNTED   IN    FRONT  01-    ST.\NI).\RD 
SUMMER    CAR 

Small  Brooms  or  brushes  are  placed  directly  in  front  of 
wheels  to  brush  away  the  snow. 

Trolley  Sleet  Cutters  are  attached  to  the  trolley  to  clear 
the  sleet  from  the  trolley  wire. 

Third  Rail  Sleet  Cutters  consist  of  wire  brushes  attached 
to  the  car  in  front  of  the  third  rail  shoe,  to  clean  the 
third  rail.  A  chemical  solution  of  calcium  chloride  is 
sometimes  squirted  on  the  rail  to  cut  the  sleet. 

Switches — Salt  is  applied  at  spring  switches  to  keep  them 
operative.  In  cases  of  a  heavy  snow  fall,  shovels  and 
brooms  must  be  resorted  to  in  order  to  keep  these 
switches  clear. 

Snoiv  Fences — The  placing  of  w'ooden  fences  along  the 
right  of  way  at  points  subjected  to  drifts  will  prevent 
the  snow   from  piling  up  over  the  road  bed. 

Ice  Cutters — Since  the  advent  of  the  low-floor  car, 
(  perating  on  24  inch  wheels,  snow  and  ice  packed  be- 
tween the  rails  has  caused  considerable  damage  to  the 
equipment  under  the  car,  on  account  of  its  small  clear- 
ance to  the  road  bed.  A  very  effective  device  for  cut- 
ting this  ice,  shown  in  Figs.  10,  11  and  12,  consists 
primarily  of  a  revolving  cutter  driven  at  300  r.p.m. 
through  a  double  chain  drive,  connected  to  a  50  hp 
motor.  The  cutter  consists  of  a  number  of  i  in.  by  5 
ill.  by  5  ft.  long  standard  angles  with  teeth  cut  in  by 
an  oxy-acetylene  torch.     These  angles  can   readily  be 
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Removing  snow   from  Frcderal   Street,   Boston.     Photo  by 
courtesy  of   Industrial   Works,  Bay   City,   Mich. 

placed  orders  for  the  necessary  material  to  change  these 

over  into  17  sweepers  and  19  snow  plows.     The  work 

of  reconstructing  these  cars  is  being  done  at  the  rail- 

v.ay  company's  shops. 

An  interurban  company  in  the  middle  west  have 
fitted  a  number  of  flat  maintenance  of  way  cars  with 
a  special  pilot  plow.  These  cars  are  heavily  loaded  and 
utilized  as  push  plows  during  the  winter  season,  with 
very  satisfactory  results.  This  changeover  can  be 
made  at  a  comparatively  small  expenditure  of  time  and 
money. 

Fig.  13  shows  a  summer  car  that  has  been  changed 
over  to  a  snow  sweeper  for  the  winter  service.  This 
scheme  was  developed  by  Mr.  J.  \V.  Hulme,  who 
states**  that  the  initial  cost  of  installing  this  sweeper 

♦Further  detail  information  regarding  this  machine  can  be 
obtained  from  Mr.  J.  W.  Hulme,  Supt.  of  Motive  Power  of  the 
International  Railway  Company,  Buffalo,  N.  Y.,  through  whose 
courtesy  this  description  and  the  photographs  were  made  avail- 
able. 

**In  the  Electric  Raihva\  Journal  for  Ian.  iS.  1018. 
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equipment  was  $900,  and  the  conversion  at  the  end  of 
the  season  can  be  made  for  approximately  $30. 

REMOVING   SNOW   FROM    STREETS 

In  congested  downtown  districts  of  some  cities  it  is 
necessary  to  remove  the  snow  from  the  streets  entirely. 
This  work  is  usually  done  by  shoveling  the  snow  into 
wagons  or  cars,  which  must  be  hauled  away  and  un- 
loaded. In  some  cities,  the  sewers  have  been  utilized 
to  carry  away  the  snow,  by  shoveling  it  into  convenient 
man-holes.  One  novel  and  efficient  scheme  was  the  use 
in  Boston  during  the  past  winter,  of  an  electrically  op- 
erated crane,  fitted  with  a  grab  bucket  for  cleaning  the 
streets  of  snow,  as  shown  in  Fig.  14. 

REARRANGING  SCHEDULES 

Every  railway  company  operating  in  the  snow  belt 
has  experienced  some  demoralization  of  schedules,  due 
to  the  unusual  operating  conditions  encountered  during 
the  winter  season.  It  has  been  recommended  that  in 
order  to  meet  these  unusual  conditions  a  special  snow 
schedule  should  be  planned,  which  will  give  the  motors 
a  sufficient  lay  over  at  terminals,  during  snow  storms,  to 
cool  off  before  making  the  return  trip. 


SYSTF.A[ATIC    PUHI.ICITY 

A  \ery  important  consideration,  which  is  too  often 
ii\erlooked  in  connection  with  the  operation  of  a  street 
railway,  especiall}-  during  the  severe  winter  season,  is 
the  need  of  keeping  the  good  will  of  the  traveling 
public.  During  these  months  there  are  a  number  of 
existing  conditions  beyond  the  control  of  the  railway 
company,  such  as  extremely  severe  weather;  surface 
drainage,  with  resultant  flooding  of  streets  and  tracks; 
congested  street  traffic;  stranded  automobiles  and 
trucks;  abnormal  labor  conditions;  and  shortage  of 
coal.  These  factors  tend  to  disorganize  the  transp'>rta- 
tion  department  and  cripple  the  regular  operation  of  the 
cars,  thus  arousing  the  indignation  of  the  public,  who 
are  to  a  large  extent  ill-advised  or  ignorant  of  the  facts. 
By  the  expenditure  of  a  little  printers  ink  in  the  form 
of  posters,  publications,  or  advertisements  in  the  daily 
newspapers,  the  truth  regarding  these  conditions  can  be 
brought  forcibly  to  the  attention  of  the  people.  In  most 
cases  this  will  result  in  securing  their  co-operation 
lather  than  their  condemnation. 
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L.  M.  ASPINWALL 

Railway  Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 


SO  MUCH  has  been  written  relative  to  the  above 
forms  of  transportation,  their  advantages  and 
disadvantages,  that  many  of  us  are  perhaps  in- 
clined to  beg  for  pity  when  someone  starts  in  to  hold 
forth  again  upon  the  same  subject.  We  have  been 
bombarded  on  the  one  side  with  articles  setting  forth 
that  the  gasoline  bus  was  going  to  put  the  traction  lines 
out  of  business,  and  on  the  other  hand  by  articles  stat- 
ing with  equal  conviction  that  the  bus  never  could  hope 
to  compete  with  the  car  on  rails.  The  trackless  trolley 
has  also  come  in  for  its  share  of  criticism  pro  and  con 
so  that,  between  the  varying  opinions  expressed  on  the 
three  forms  of  conveyances,  the  average  reader  finds 
his  head  in  somewhat  of  a  whirl  and  the  question  of 
deciding  which  has  the  most  merit  rather  a  difficult  one. 

The  writer's  object  is  to  try  to  clear  away  a  little 
of  this  fog  by  looking  at  the  whole  matter  from  the 
standpoint  of  the  general  fundamentals  which  must  be 
considered  and,  it  is  believed,  this  will  give  a  much 
clearer  picture  of  the  whole  situation. 

In  the  first  place,  the  terms  bus,  trolley  car,  and 
trackless  trolley  are  really  names  which  have  become 
attached,  through  association,  with  various  traction  ve- 
hicles used  for  carrying  humar  beings  without  there 
really  being  any  clear  cut  distinction.  For  instance,  if  we 


equip  a  vehicle  of  the  type  we  are  used  to  calling  a 
bus,  with  wheels  suitable  to  run  on  rails  (as  has  been 
done)  does  it  cease  to  be  a  bus?  If  we  take  a  traction 
car  off  the  rails  and  equip  it  with  suitable  wheels,  does 
the  change  make  it  a  bus?  Is  a-  bus  a  bus  because  of 
its  form  of  construction,  or  because  it  runs  on  a  par- 
ticular form  of  road?  Is  a  car  a  car  because  it  runs  on 
rails  or  because  of  the  way  it  is  built?  If  we  follow 
this  line  of  thought  very  far,  we  will  soon  arrive  at  the 
si  age  of  mind  where,  like  Alice  in  Wonderland,  we 
won't  know  whether  "cats  eat  bats"  or  bats  eat  cats". 

Let  us  start,  therefore,  by  trying  to  eliminate  from 
our  minds  the  terms  bus,  trolley  car  and  trackless 
trolley,  and  think  of  the  problem  as  one  of  providing  a 
conveyance  for  the  transportation  of  human  beings  in  a 
quick,  comfortable  and  economical  manner.  The  fun- 
damental points  which  naturally  come  up  for  considera- 
tion are — how  many  passengers  should  this  conveyance 
carry?  What  should  be  its  construction  and  weight? 
What  power  shall  we  use  to  propel  it ;  and  on  what  .shall 
It  run  ?  Briefly  stated,  therefore,  capacity,  weight, 
ro.uiway  and  propelling  power  are  the  big  four  which 
enter  into  this  problem. 

The  first  point,  the  proper  capacity  for  our  vehicle, 
could  be  easily  settled  if  it  were  always  to  operate  under 
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a  fixed  and  evenly  distributed  load  condition,  as  it 
would  then  merely  be  a  matter  of  deciding  upon  the 
frequency  of  service  which  we  wished  to  maintain,  and 
dividing  the  number  of  passengers  to  be  carried  per  day 
by  the  total  number  of  vehicles  operating  over  the  route 
during  that  period.  Unfortunately,  actual  service  does 
not  present  this  ideal  condition,  as  the  load  to  be  car- 
ried usually  varies  widely  at  different  times  of  the  day, 
and  on  different  parts  of  the  line,  from  day  to  day  and 
with  the  season  of  the  year. 

We  can  meet  the  varying  conditions,  either  by  pro- 
viding a  vehicle  big  enough  to  meet  the  maximum  load 
lequirements  and  maintaining  a  uniform  schedule  all 
tlay;  or  we  can  provide  a  smaller  vehicle,  which  will  be 
just  sufficient  for  the  average  load  conditions,  and  run 
.m  increased  number  of  these  vehicles  during  the  rush 
hours. 

If  we  adopt  the  big  vehicle  solution  of  the  prob- 
lem, we  will  be  hauling  around  for  the  major  part  of 
the  day  a  heavy  vehicle  with  a  few  passengers,  but  on 
the  other  hand  during  the  rush  hours,  we  will  be  operat- 
ing at  maximum  efficiency,  as  the  platform  labor  and 
weight  per  passenger  will  be  a  minimum. 

If  the  small  vehicle  idea  is  carried  out,  that  is,  us- 
ing one  just  big  enough  to  accommodate  the  average 
load  and  increasing  the  number  of  vehicles  as  required, 
the  platform  labor  and  weight  per  passenger  will  be 
practically  uniform  all  day,  and  during  the  hours  of 
light  load  the  cost  of  operation  per  passenger  will  be 
less  than  with  the  big  cars,  but  on  the  other  hand  dur- 
ing the  rush  hours,  the  cost  per  passenger  will  be  more 
than  with  the  big  cars,  as  a  greater  dead  weight  and 
increased  platform  labor  are  required  per  passenger. 

Furthermore,  it  must  be  remembered  that  if  we 
have  enough  of  the  light  vehicles  to  take  care  of  the 
rush  hour  conditions,  for  a  considerable  part  of  the  day 
we  will  have  a  number  of  vehicles  idle,  which  will  to 
some  extent  offset  the  gain  in  efficiency  during  the  aver- 
.'\ge  load  conditions. 

It  will  be  realized  from  a  consideration  of  the 
above  facts  that  to  determine  the  capacity  of  vehicle 
most  economical  for  a  given  service,  it  is  necessary  to 
give  most  careful  study  to  the  traffic  conditions  in  each 
case.  This  study  must,  of  course,  be  made  no  matter 
what  method  of  propulsion  is  employed,  or  what  con- 
struction of  roadbed  is  used. 

The  next  point,  the  question  of  weight  of  the 
vehicle,  will  depend  partly  upon  the  capacity  for  which 
it  is  built  and  partly  on  the  type  of  construction  and 
materials  employed.  In  general,  in  the  past,  vehicles 
which  run  on  public  highways  have  been  built  lighter 
than  those  which  run  on  a  steel  roadbed  (i.e.  a  rail- 
road). This  has  been  due  largely  to  the  fact  that  these 
vehicles  are  a  development  from  the  horse-drawn  type, 
where  the  power  available  was  very  limited  and  weight 
a  vital  element.  Of  late  years,  the  weight  of  the  vehicle 
running  on  the  steel  road  has  been  reduced  until  it  ap- 
proaches more  nearly  to  that  of  the  vehicle  which  runs 


on  the  highway,  but  has  by  no  means  reached  the  limit. 

The  builders  of  vehicles  operating  on  highways 
have  taken  advantage  of  the  use  of  high  grade  ma- 
terials and  have  not,  in  general,  found  it  necessary  to 
provide  many  of  the  refinements  of  equipment  which 
the  public  has  been  educated  to  consider  as  necessities 
in  the  vehicle  which  runs  on  rails,  and  have  thus  been 
able  to  produce  a  very  light  type  of  vehicle.  It  is  im- 
portant to  note  that  there  is  no  inherent  reason  why  the 
\ehicle  on  rails  should  weigh  any  more  than  the  one  on 
the  highway  for  the  same  service  and  capacity  of 
\  ehicle. 

The  third  point,  the  construction  and  material  of 
the  roadbed  upon  which  the  vehicle  will  operate  is  of 
prime  importance.  "A  railroad  is  only  a  road  of  steel" 
as  Lord  Ashfield  remarked  in  a  recent  article,  and  it  is 
a  help  in  considering  the  whole  problem  broadly  to  keep 
this  in  mind.  If  the  road  is  only  a  country  one  of  dirt, 
likely  to  be  at  times  full  of  holes,  then  springs  must  be 
arranged  to  carry  the  loads  safely  and  with  reasonable 
comfort  over  these  conditions  and,  in  general,  it  is 
found  advisable  to  use  pneumatic  or  cushion  tires.  As 
the  conditions  of  roadbed  become  better,  as  in  the  case 
of  cement,  asphalt,  etc.  we  reach  a  point  where  it  be- 
comes permissible  to  use  solid  rubber  tires. 

If  we  go  a  little  further  and  build  the  road  of  steel, 
we  attain  such  a  degree  of  smoothness  of  surface  and 
freedom  from  "chuck  holes",  etc.  that  we  are  able  to 
use  a  metal  wheel  without  a  cushioned  surface  and  can 
reduce  considerably  the  action  of  the  body  springs. 

The  steel  road  has  such  mechanical  strength  and 
resistance  to  wear  that  we  can  use  a  \try  narrow  strip. 
This,  however,  gives  disadvantages  as  well  as  advan- 
tages. It  would  be  manifestly  impossible  for  an  opera- 
tor to  steer  along  this  narrow  roadbed,  so  the  wheels 
must  have  flanges;  this,  it  is  true,  eliminates  the  neces- 
sity for  steering  and  steering  gear,  but  confines  the 
vehicle  to  an  absolutely  beaten  track.  Among  other  at- 
tendant advantages  obtained  by  the  use  of  the  "road  of 
steel"  are  two  very  important  ones.  First,  on  account 
of  the  smoothness  of  surface  which  is  obtained,  the 
power  required  to  move  the  vehicle  on  a  level  track  is 
considerably  less  than  that  required  with  rubber  tires 
on  any  other  type  of  roadbed — in  fact,  it  is  not  much 
more  than  half ;  and  second  if  we  decide  to  make  use  of 
electric  power,  the  roadbed  can  be  used  for  one  side  of 
the  circuit. 

The  fourth  point  to  consider  is  the  question  of  the 
power  to  propel  the  vehicle.  At  the  present  stage  of 
power  development,  this  choice  practically  narrows 
down  to  the  use  of  some  form  of  internal  combustion 
engine  or  the  use  of  electric  power.  How  shall  we  de- 
cide which  to  use? 

l-.\ery  horse-power-hour  used  for  propelling  the 
\  chicle  will  cost  approximately  8.5  cents  if  we  use  gaso- 
line at  the  present  price,  and  1.3  cents  if  we  use  elec- 
tric power;  or  over  six  times  as  much  for  the  gasoline 
for   the    same   power.     But   while    this   represents    the 
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hguie  at  which  electric  power  companies  will  supply 
power,  we  still  must  provide  some  means  by  which  the 
current  can  be  transmitted  to  the  moving  vehicle,  as  a 
storage  battery  is  ordinarily  too  lieavy  and  expensive  to 
employ.  This  structure  will  cost  money,  which  we 
would  not  ha\e  to  spend  if  we  used  an  internal  combus- 
tion engine. 

The  simplest  method  which  has  so  far  been  de\ised 
for  this  purpose,  consists  of  one  or  two  wires  suspended 
ever  the  route  which  the  vehicle  is  to  follow,  and  slid- 
ing or  rolling  contact  devices  on  the  vehicle  to  collect 
current  from  these  wires.  If  the  roadbed  is  a  non-con- 
ductor, two  wires  will  be  necessary,  and  this  construc- 
tion will  cost  somewhere  in  the  neighborhood  of  $7500 
per  mile. 

It  is  evident  that  the  interest  on  this  money  must 
be  included.  If  the  route  is  only  a  mile  long  and  there 
is  only  one  vehicle,  making  ten  trips  a  day,  then  for 
every  trip  the  expense  at  six  percent  on  the  overhead 
line  investment  would  amount  to  nearly  12.5  cents.  It 
i^  quite  evident  that  this  is  an  element  which  must  be 
carefully  considered. 

If  we  double  the  number  of  vehicles  per  mile  of 
line,  with  other  conditions  unchanged,  the  expense  for 
the  overhead  per  mile  of  operation  is  halved;  if  we 
quadruple  it,  the  expense  per  mile  is  one  quarter,  and 
sc  on.  It  is  thus  a  i[uestion  of  frequency  of  service 
which  is  going  to  determine  what  the  use  of  electric 
power  will  cost,  and  whether  it  will  be  cheaper  than 
gasoline. 

From  the  foregoing  fundamental  considerations,  it 
IS  seen: — (  i)  that  the  size  of  our  vehicle  must  be  de- 
termined by  careful  consideration  of  the  traffic  condi- 
tions; (2)  that  the  construction  and  weight  is  a  func- 
tion of  the  traffic  conditions,  the  materials  selected  and 
the  nicety  of  design;  (3)  that  the  selection  of  the  t}pe 
of  roadway  has  a  direct  effect  upon  the  power  con- 
sumption and  cost  of  electrification,  and  also  that  the 
selection  of  the  best  type  is  dependent  upon  the  local 
conditions  and  traffic:  (4)  that  the  selection  of  the 
I'/roper  motive  power  is  a  direct  function  of  the  traffic 
conditions. 

"Well",  I  can  hear  some  leader  remark  at  this 
point,  "it  seems  to  me  that  with  all  your  talk  you  have 
not  gotten  very  far,  for  apparently  the  size,  weight,  con- 
struction and  motive  power  of  our  vehicle,  and  the  very 
roadway  it  runs  on  depends  almost  entirely  upon  the 
local  conditions." 

If  this  is  your  conclusion,  then  this  article  has  not 
been  written  in  vain,  for  that  is  exactly  the  idea  which 
the  writer  wanted  to  convey  by  outlining  the  funda- 
mentals  which   must  be  considered.     We  can   conduct 


profound  researches,  and  compile  yards  of  statistics  a 
to  which  is  the  best,  the  bus,  the  trackless  trolley  or  tht 
traction  car,  and  we  will  never  find  an  answer,  becaus 
there  is  no  such  thing  as  a  best  which  will  fit  all  cond, 
lions.     We  might  just  as  well  argue  as  to  which  is  tht 
best  kind  of  dog;  a  bullpup,  a  setter,  or  a  greyhound. 
There  is  no  direct  answer,  it  all  depends  on  how  yo/ 
want  to  use  the  dog. 

While  there  is  no  direct  answer  to  this  question, 
careful  consideration  of  the  various  factors  entering 
into  the  problem  by  many  authorities  enables  us  to  lay 
down  certain  general  statements  as  to  the  form  of 
\ehicle  which  will  give  the  most  economic  operation 
under  certain  service  conditions.  Broadly  speaking, 
if  we  are  dealing  with  a  district  where  the  traffic  con- 
ditions are  light  and  the  roads  passable,  a  vehicle  run- 
ning on  the  public  highway  and  driven  by  a  gasoline 
engine  is  the  cheapest  power  vehicle  to  emplov. 

When  the  traffic  becomes  a  little  heavier,  the  sav- 
ing in  cost  of  power  by  the  use  of  electricity  will  war- 
rent  stringing  a  pair  of  overhead  wires  and  using  this 
form  of  propulsion,  but  continuing  to  run  on  the  high- 
wa\-.  It  can  be  shown  that  this  change  is  economically 
^varranted  under  present  conditions,  when  the  service 
requires  the  operation  of  vehicles  at  slightly  less  than 
one  hour  headway. 

When  once  we  have  installed  the  electrically-op- 
crated  vehicle,  it  will  be  the  cheapest  form  to  take  care 
of  a  \ery  considerable  increase  in  the  traffic  conditions. 
In  fact,  assuming  that  the  transportation  company  is 
not  ])ut  to  any  exi^ense  for  maintaining  the  highway, 
the  frequency  of  service  will  have  to  increase  to  a  point 
V  here  vehicles  are  operated  at  a  headway  somewhere  in 
the  neighborhood  of  five  minutes,  before  it  will  pay  to 
install  a  track.  These  are  broad  general  statements 
which  existing  local  conditions  in  special  cases  may 
modify,  but  represent  rather  closely  the  actual  limita- 
tions. 

To  sum  up,  let  us  look  at  this  whole  problem  from 
a  broad  standpoint  and  not  allow  ourselves  to  stray  ofiF 
ir:to  side  paths  where  detail  coasiderations  are  magni- 
fied to  undue  proportions.  Power  brakes  or  hand 
brakes,  automatic  doors  or  non-automatic,  high  or  low 
step,  etc.  are  all  matters  which  must  be  considered,  but 
these  are  details  which  apply  to  the  vehicle,  whether  it 
runs  on  a  track  or  on  the  highway,  whether  it  is  pro- 
pelled by  electricity  or  gas.  Custom  and  evolution  at 
present  have  tied  up  certain  forms  of  construction  and 
conveniences  with  a  given  method  of  operation,  bu, 
eventually  only  those  which  are  best  and  essential  fed 
the  ser\ice  conditions  will  survive. 
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C.    C.    WHIT^AKER 

Kaihvax    Equipment   luiginecring    l>c])t,, 
Westinghousc  Electric  &:  Mfg.  Company 

IXCJ'.  maximum  power  is  obtained  from  a  Icco-  sketch.  I-'iij.  j.  The  device  is  driven  by  a  narrow  face 
niolive  at  the  moment  just  prior  to  the  slipping  pinion  which  meshes  with  the  main  gear  on  the  juck- 
iif  the  (hiving  wheels,  it  is  of  advantage  to  work     shaft,  thruugh  an  opening  in  th^  top  of  the  gear  c-.se. 


a  locnni()ti\e  at  this  point,  especially  when  accelerating 
a  maximum  tonnage  train.  .\n  ideal  arrangement 
would  include  a  device  which  could  foretell  the  exact 
condition  of  the  rail,  as  regards  coefficient  of  adhesion, 
?r'd  which  would  prevent  the  locomotive  from  being  ac- 

Slip  Arreslcr 


nc.     I — METHon    OK    .M'PI.VING    SUP    ARKESTKR 

celerated  at  a  rate  which  would  cause  slipping.  The 
nearest  approach  to  tliis  ideal  is  found  in  a  device  which 
automatically  removes  torque  from  or  decreases  it,  on 
the  axle  slipping,  the  instant  after  slipping  occurs,  thus 
allowing  the  drivers  to  grip  the  rail  again  S(;  thai  the 
acceleration  may  continue. 

The  device  herein  described  functions  on  the  first 
nccelerative    impulse  given   the   drivers   by   the    scored 


lie.    4 — ENP    VIKW    OF    Sl.ir    .\RRESTEH 

energy  in  the  stressed  parts.  Fig.  i  shows  one  method 
of  applying  the  slip  arrester  to  a  locomotive  where  the 
driving  axles  are  driven  by  means  of  side  rods  from  a 
jackshaft.  The  arrester  is  mounted  on  an  overha.nging 
bracket,  bolted  to  the  locomotive  side  frames. 

The   detail   elements   are   shown   in   the   simplified 


A  shaft  is  pressed  into  this  pinion  and  it  supports  the 
■.vhole  weight  of  the  device  on  two  ball  bearings.  .\ 
spider  pressed  ontu  tliis  shaft  carries  an  insulated 
slip  ring.     The  spider  ami  slip  ring  each  carry  a  contact 


.fj>; 


FIG.    2 — DIST.MLS    OF   ARRESTER    IX    NORMAL 
POSITION 


KIG.    3 — SPRINGS 
DEFI.ECTEll 


stud  A  and  //.  These  cunlact  studs  each  press  agiinst 
a  flat  spring,  the  far  ends  of  which  are  in  metallic  ton- 
tact  with  each  other,  but  are  insulated  from  an  "inertia 
c'isc"  having  a  bearing  fit  on  the  shaft. 

When  the  locomotive  accelerates  in  a  normal 
manner,  without  the  drrvers  slipping,  the  pinion  causes 
llie  device  to  rotate.  One  contact,  A  or  B,  depending 
u[)on  the  direction  of  rotation,  by  its  pressure  against  its 
adjacent  flat  spring,  causes  the  inertia  disc  to  rotate 
with  the  rest  of  the  assembly.  Whenever  the  arrester 
i  •■  accelerated  suddenly,  the  disc,  due  to  its  inertia,  will 
lag  behind  and  deflect  the  flat  spring,  as  shown  in  F  g.  3. 

The  contacts  .)  and  B  have  a  certain  amount  of 


1  h.      5  -ARRESTER    ASSEMBLEIl    WITH     END    (OVER    REMOVEIl 

initial  tension,  so  that  an  appreciable  deflection  takes 
|)lace  on  one  spring  before  the  other  leaves  its  contact. 
'I'liis  tension  can  be  varied  to  suit  the  maximum  rate  of 
acceleration  desired.  The  action  of  the  device  is  inde- 
pendent of  speed,  but  functions  whenever  a  predeter- 
tiiined  rate  of  acceleration  is  exceeded. 

.\s  long  as  neither  of  the  contacts  A  or  B  break 
contact  with  their  springs,  a  low-voltage  electric  cn-cuit 
is  m.iintained  through  a  relay  mounted  in  the  cab,  in 
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^el■ies  w  illi  contact  B,  through  the  two  flat  springs  to 
contact  A  and  thence  to  ground.  As  long  as  tliis  relay 
circuit  is  maintained,  power  may  be  applied  to  the  main 
motors  in  the  usual  manner,  hut  the  instant  this  circuit 
.'i  o]iened,  e\en  it  momentarily,  power  is  cut  ofl:  from 
the  truck  whose  drivers  are  slipping,  and  cann(>t  be 
again  applied  until  the  amount  of  power  to  be  supplied 
lias  been  reduced  to  a  value  less  llian  that  wliich  caused 
tlie  slipping. 

Fig.  4  shows  an  end  view  of  the  complete  arrester 
with  the  inertia  disc  removed,  so  that  the  brushholder 
W'ith  brush  bearing  on  the  slip  ring,  and  contacts  A  and 
r  can  be  seen.  Fig.  5  shows  the  arrester  assembled 
witli   the  overhanging  bracket  and  with  end  cover  re- 


n.'oxed.  The  door  in  tiie  .>idc  of  the  co\er  is  to  per- 
mit ready  access  to  the  brushes  for  inspection. 

If  sii])[)ing  occurs  dvuung  regeneration,  the  regard- 
ing effort  of  the  locomotive  is  not  sufficient  to  hold  the 
train  and  it  should  be  aided  by  an  application  of  brakes 
en  another  locomotive  which  is  not  regenei'Jting,  or  by 
an  application  of  train  brakes.  L'nder  these  conditions, 
the  slip  arrester  would  be  rendered  inoperative. 

The  arrester  is  constructed  very  substantialls  to 
\'  ithstand  the  se\ere  vibration  to  which  its  position  on 
the  locomotive  subjects  it.  Its  weight  is  75  pounds. 
One  arrester  is  re(|nired  for  eacn  truck  on  a  locomriiive 
v\  ith  side  rod  dri\e,  and  one  for  each  axle  on  a  loco- 
motive having  quill  drive. 


HENRY 

l-.i|uipnic'iit 

IF  THE  operating  man  \\"as  questioned  as  to  what 
most  concerned  him  today  in  the  operation  of  his 
property,  his  reply  would  probably  be  "Labor  turn 
o\er".  \Miile  this  may  or  may  not  be  the  most  vital 
([uestion,  there  is  no  doubt  that  it  is  a  gravely  impo''tant 
one,  particularly  to  the  departments  that  require  spe- 
cialized and  skilled  labor,  and  adds  tremendously  to  the 
exjjense  of  operating  a  department,  as  well  as  con- 
tributing to  a  high  degree  of  inefficiency. 

After  a  careful  study  of  the  department  of  which 
the  writer  is  in  charge,  it  is  believed  that  one  hundred 
(iollars  is  a  conservati\e  estimate  of  the  average  cost  to 
the  department  for  e\-ery  skille.l  or  semiskilled  work- 
man replaced  by  a  new  one.  It  is  not  intended  her=  to 
open  a  discussion  as  to  the  causes  leading  up  to  a  libor 
situation  different  than  has  ever  before  confronted  the 
street  railway  official,  but  to  set  forth  the  more  impor- 
tant steps  that  have  been  taken  to  create  a  more  stable 
condition. 

It  will  undoubtedl\-  be  admitted  that  the  labor 
situation  at  i^resent  is  different,  and  if  conditions  or  a 
semblance  of  the  conditions  that  prevailed  three  or  four 
years  ago  are  to  be  regained,  extraordinary  efforts  must 
be  put  forth.  It  is  difficult  to  overcome  and  rectif)  a 
bad  condition  unless  the  causes  are  known,  and  in  seek- 
ing for  the  cause  of  a  high  labor  turn  over  it  was  h.ird 
to  find  an\thing  but  generalizations  to  work  on.  No 
two  men  gave  the  same  reason  for  quitting  after  a  short 
term  of  employment  or,  if  thev  did,  the  reason  was 
vague  and  unsound.  Also  the  men  who  continued  in 
the  Com])an\'s  em|)lo\-  seemed  to  lack  initiative  and  in- 
terest. These  two  facts  suggested  that  whatever  the 
causes  were  it  might  be  possible  to  create  the  desired 
results  by  first  selecting,  as  nearly  as  possible,  the  right 
1-ind  of  men,  and  after  selecting  and  hiring  these  men, 
educate  them  along  the  lines  that  would  obtain  results, 
both  for  the  Company  and  the  man.  This  idea  was 
something  definite  to  work  on,  and  it  was  therefore  dc- 
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cided  that  every  prospective  employee  would  be  care- 
fully interviewed,  that  no  employee  would  quit  the  de- 
partment without  having  his  case  discussed,  and  that 
well-considered  efforts  would  be  made  to  educate  both 
old  and  new  employees. 

An  analysis  of  present  records  seem  to  indicate 
that  not  sufficient  care  was  exercised  in  selection,  or  the 
new  employee,  when  hired,  was  not  properly  informed 
regarding  the  organization  he  was  entering  and  that, 
once  hired,  he  was  not  properly  handled.  In  other 
words,  the  job  was  not  properly  "sold"  to  the  work- 
ri  an  and  the  foreman  was  not  properly  trained  to  ob- 
tain production  in  his  department  and  at  the  same  lime 
hold  his  men.  Records  show  that  95  percent  of  the 
men  leaving  the  department  do  so  before  the  expiration 
of  six  month's  service,  and  the  great  majority  of  these 
liefore  three  months. 

Wages  and  shoi)  conditions  lieing  ecpia],  there  is  no 
sound  reason  why  a  workman  should  be  satisfied  to 
\'.  ander  from  one  shop  to  anothci'  unless  lie  lielieves  he 
is  bettering  his  condition,  ;m<l  if  he  has  been  properly 
sold  his  position  at  the  time  lie  was  hired,  he  may  not 
be  so  quick  to  leave  it  and  seek  another  one.  I'y  ".-ell- 
ing"  the  position  is  meant  that,  in  an  interview  with  tlie 
Superintendent  or  department  head  the  new  position  is 
described  in  full,  including  the  duties  he  will  be  re- 
quired to  perform,  the  possibilities  for  advaifcement  and 
promotion,  the  polic}-  of  the  Company  in  handling  p-o- 
motions,  the  advantages  of  working  for  a  concern 
v.hose  management  pursues  a  fixed  policy  of  offeiing 
n  fair  dav's  wage  and  fair  working  conditions  for  a  fair 
dixy's  work,  and  above  all  that  the  workman  himself 
will  benefit  by  increased  wages  and  better  working  con- 
ditions in  a  just  proportion  as  his  individual  efficiency 
increases  the  efficiency  of  the  shop  or  department  .ns  a 
whole. 

If  .such  an  interview  has  taken  place  and  has  been 
successful  to  the  point  of  convincing  the  new  employee 
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that  he  is  entering  a  service  that  is  truly  co-operative, 
and  that  it  is  a  fact  that  the  greater  percent  of  labor 
turn  over  takes  place  during  the  first  six  months,  then 
it  is  fair  to  assume  that  if  the  employee  is  properly 
handled  he  will  hold  the  new  job. 

This  leads  up  to  the  point  that,  before  starting  to 
train  the  man,  the  foreman  must  be  carefully  trained. 
All  of  the  foregoing  has  slight  reference  to  the  train- 
ing of  men,  but  you  cannot  train  men  until  you  get 
them  and  after  getting  them,  keep  them.  If  before  a 
r.'an  is  actually  placed  on  the  pay  roll,  applications  are 
carefully  gone  over  and  as  near  as  possible  the  right 
ir.en  selected,  by  questioning  as  to  former  positions,  fit- 
ness for  the  new  position,  the  distance  to  be  travelled 
daily  to  and  from  work,  tendency  toward  radicalism, 
vhether  he  is  a  native  of  the  town,  if  his  family  is 

FORM  I— FILI.F.U  OtIT  BY  FOREMF.N  AND  COUNTERSIGNED 
^°BY    GENeSai:    FOREMAN    AND    SUPERINTENDENT    FOR 
ALL  EMPLOYEE!?  QUITTING  THE   SERVICE 


KANSAS   CITY  RAILWAYS   COMPANY 

DATE 


f?HOP    SUPERINTENDENT: — 

Mr  No Occupation . 


Is  leaving  the  service  of  this  Company  and   desires  to   draw  his 


full   to  date 


watres   in   lull    lo   aaie.  ,  ,      ,        ..  _ 

(Foreman  will  indicate  charges  to  be  made  for  the 


following    items) 


$. 

$• 

Total  $. 


Give  cause  for  this  man  leaving  this  Company's  service. 


Foreman 


Desires  an  advance  of  $ to  apply  on  wages  for 

period  ending    

I  recommend   that  this  request  be  granted   as   per  following  rea- 
sons: 


Foreman 


NOTE — Timekeeper,    to   supply   the   following   information: 

Date   employed Occupation 

Rate Hrs.    worked Amt 

Dates    of    Absences 
Record   of  Advances for  Past  6D  Days 


Date 


Dal 


men,  when  as  a  matter  of  fact  ihe  foreman  is  the  only 
man  who  comes  in  direct  contact  with  the  workman  and 
fi-om  whom  the  workman  forms  his  ideas  of  the  Com- 
l>any  and  its  policies. 

It  makes  no  difference  how  anxious  the  nianage- 
inent  is  to  co-operate  with  the  workman  or  to  have  the 
workman  co-operate  with  the  management,  an  un- 
trained foreman  will  do  more  to  retard  progress  and 
promote  inefficiency  and  labor  turn  over  than  any  other 
factor  in  the  personnel  of  an  organization.  By  this  is 
rot  meant  that  the  average  foreman  is  not  a  capable  me- 
chanic, but  that  he  simply  has  not  been  trained  to  over- 
see men.  His  principal  idea  is  production  and  he  sees 
the  results  of  the  man's  work  and  not  the  man,  and 
does  not  seem  to  realize  that,  if  the  man  is  properly 
h.indled,  the  production  is  bound  to  follow.     It  is  as- 

I'OK.M    II— SENT  TO   FOREMAN   DESIRING    TO   REQUISITION 
NEW    MEN 


located  in  the  town  and  a  great  many  other  questions 
of  like  nature,  a  great  many  men  will  never  be  hired, 
as  it  will  be  evident  from  the  information  thus  gained 
that  they  will  not  be  contented  for  any  length  of  time 
,ind,  if  hired,  will  leave  in  a  few  weeks  or  months. 

If,  then,  all  possible  care  has  been  exercised  in  the 
.selection  of  the  new  employee  and  proper  intei-viewing 
him  at  the  start,  we  come  back  to  the  first  six  months 
of  service  and  the  haiidlinij  of  the  man  during  *hat 
P'eriod. 

In  the  past,  about  the  only  qualifications  generally 
considered  for  a  foreman  was  a  little  greater  skill, 
better  application,  a  record  for  being  on  time  or  some 
like  quality,  and  a  man  was  taken  out  of  the  ranks  and 
given  the  super\ision  of  a  greater  or  less  number  of 
men.  Little  or  no  study  was  made  of  the  man  at  the 
t>me  of  his  promotion  or  after,  as  to  his  ability  to  handle 


TO  ALL  FOREMEN: 
Please  note  below  al 


Wanted  IClassGrade!  Working]  Authorized 

I \ I 


Pail, 

t    . 

II                       II                         1 

II                       II                         1 

II                       II                         1 

Car 

Wii 

ing    .    1                  1                         1                    1                           1 

II                         1                    1                           1 

II                         II                           1 

Mis 

■elia 

Deous     11                       II                         I 

II            II             1 

II            II             1 

^umed  that  the  foreman  is  a  capable  mechanic  and  that 
be  is  generally  intelligent  and  ambitious;  if  he  is  not 
he  should  not  be  a  foreman. 

In  the  present  instance  the  plan  for  training  ftire- 
men  is  not  elaborate  and  no  prepared  course  or  (ext 
books  are  used.  Weekly  meetings  of  all  foremen  in  the 
department  are  held  in  which  the  head  of  the  depart- 
ment acts  as  chairman.  These  meetings  are  for  the 
].urpose  of  discussing  ways  and  means  of  canying  on 
the  work,  but  a  certain  amount  of  time  is  devoted  to 
talks  and  open  discussions  on  the  duties  of  a  foreman. 
He  is  frankly  told  he  is  the  key  man  in  the  organization, 
and  on  his  shoulders  more  than  on  any  others  rests  the 
success  of  the  department.  He  is  impressed  with  the 
f.Tct  that  his  job  carries  a  distinct  dignitv'  and  impor- 
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U'.nce,  and  that  he  is  a  good  long  step  ahead  of  the  men 
undei-  him.  He  is  taught  to  plan  his  work',  and  show 
from  day  to  day  and  week  to  week  that  he  is  turning 
labor  and  material  into  dollars  and  cents. 

Attendance  at  these  meetings  is  compulsory  and 
the  meetings  are  held  on  the  Company's  time.  The 
foreman  is  asked  to  criticise  the  system  and  methods 
and  made  to  feel  that  his  opinion  is  valuable  and 
needed.  The  daily,  weekly  and  monthly  performance 
of  the  department,  as  well  as  the  output,  car  failures, 
labor  turn  over,  etc.,  are  charted  and  he  is  instructed  in 
the  use  of  the  charts  and  the  importance  of  progress  re- 
ports and  shop  schedules  are  hammered  home  every 
meeting.  Once  each  week  a  report  of  the  labor  turn 
over  in  his  particular  department,  as  well  as  the  whole 
department,  is  sent  to  each  foreman,  so  that  he  can  see 
.-:t  a  glance  how  many  men  have  been  hired,  left  the  ser- 
vice or  have  been  late,  the  number  of  hours  scheduled 


and  rate,  and  this  list  is  at  all  limes  kept  up  to  date. 
In  order  to  keep  his  full  complement  of  men  and  fill 
vacancies,  each  foreman  enters  on  a  form  daily  re- 
ceived from  the  office,  the  number  of  men  he  is  lacking, 
giving  the  class,  grade  and  rate,  and  these  lists  are  con- 
solidated by  the  chief  clerk  who,  in  a  preliminary  inter- 
view, selects  applicants  in  accordance  with  his  consoli- 
dated list  for  an  interview  by  the  superintendent  or  de- 
partment head.  The  new  employee  is  then  turned  over 
to  the  foreman  and  he  is  expected,  at  the  end  of  a  week, 
to  know  if  the  new  man  is  suitable  for  the  position  he 
has  filled,  although,  if  he  is  still  in  doubt  but  inclined 
to  the  belief  that  the  new  man  may  make  good,  the  time 
is  extended  some  few  days  longer,  the  point  being  made 
that  the  forman  is  responsible  for  the  continuance-  in 
the  service  of  an  unsuitable  man. 

The  idea  of  passing  a  new  employee  down  from  the 
head  of  a  department  to  the  foreman  is  reversed  in  the 


FORM    III — .iPPLirATION   FOR   CHANGE   IN   RATE 


Equiimient  Engineer : 

Please  eonsider  rate  rh.infre  for 

per and    proposed    rate 

Xe\r  work  is  Class Grade .  .  . 

Nuinljer  of  employes   authorizeil   for  proposed    Class 
Number  of  employes  employed   for  proposed   Class 


Date 

His  present  rat« 
. .  .Grade 


and    Grade   of   work 
id   Grade  of  worork 


assiiiO'el    above    employe, 
assigned    above    employee. 


For 


man  mnst  answer  fully  all  of  the 
Give  Class  and  Grade  of  work  on 
Give  any  other  Class  and  Grade  of 
Is  employee  attentive  to 


ork 


following  questions: 

which  employee  excels 

ork  on  which  employee  has  shown    ability    

....:...     Does  employee  app^ear  to  be  ambitious. 

work] 


Is  work  satisfactory Is  employee  agreeable  with    his    fello 

Has  employee  any  radical  tendencies If  so,    what     decree-  ■ 

Ho  V  does  employee  conduct  himself 

Is  his  production  commensurate  to  rate  paid  in  proposed   work 

Givj  reason  why  rate  for  employee  should  "hQ  changed 


Timekeeper: 

When  did  employee  go  to  work Ho  v 

Last  change   in  rate  from to per 


any   times   has   employee  be   abs 


Noted Shop    Supt. 


approved 
disapproved ; 


Equipment     Engineer. 


NOTE — This  application  must  be  filed   10  days  prior  to  date. 
Employee's  record  and  Inspector's  Rejection  Reports 


.  same  is  to  take  effect, 
be  presented  with  this  applicali< 


and  lost,  and  the  names  of  the  men.  He  is  given  to 
understand  that  all  department  records  and  costs  are 
open  for  his  inspection,  and  he  is  instructed  to  familiar- 
i.-e  himself  with  all  costs.  It  is  intended  that  he  v/ill 
e\'entually  know,  in  dollars  and  cents,  what  the  in- 
dividual Operations  under  his  supervision  amount  to  and 
the  total  expense  of  his  own  department. 

As  much  as  possible  all  paper  work  is  taken  on'  of 
the  foreman's  hands  and  all  equipment  records,  recoids 
of  tests,  etc.,  are  kept  in  the  office,  so  that  once  the 
work  on  a  car  is  completed  or  a  job  finished,  he  is  not 
further  concerned  and  can  devote  his  mind  and  energies 
to  his  new  and  unfinished  work.  No  foreman  is 
allowed  to  interview  or  hire  new  men,  this  being  cif)ne 
by  the  superintendent  of  shops  or  car  barns  or  the  de- 
partment head.  Each  foreman  is  given  a  list  of  the 
ir^aximum  number  of  men  allowed  his  departmeni,  the 
list  showinsf  the  maximum  number  of  each  class,  grade 


case  of  a  man  being  discharged  or  resigning.  No  fore- 
m.in  can  discharge  an  employee.  In  the  event  of  an 
employee  leaving  the  service,  the  foreman  fills  out  and 
signs  a  prescribed  form,  stating  the  reason,  and  this 
form  must  be  signed  by  the  General  Foreman  and  .'^'■hop 
Superintendent  before  it  reaches  the  department  liead 
v>hose  signature  is  necessary  before  the  man  can  obtain 
his  pay.  This  gives  ample  opportunity  to  discover  why 
the  man  should  or  should  not  be  let  out  or,  if  desired,  to 
discuss  with  him  the  advisability  of  quitting  the  ser- 
vice. This  does  not  reduce  the  foreman's  author"  ty, 
but  does  eliminate  any  chance  of  unfair  treatment,  rmd 
frequently  straightens  out  unnecessary  tangles  and  con- 
tinues desirable  men  in  the  service. 

The  criticism  may  be  made  that  a  department  head 
has  not  the  time  at  his  disposal  to  become  an  employ- 
ment agent.  On  some  of  the  larger  roads  this  may  be 
true,  but  on  these  roads  there  are  always  competent  men 
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with  a  rcMiltani  low  etiiciency,  it  was  belie\ed  thai  a 
school  of  instruction,  if  a  sufficient  number  of  men 
could  be  interested,  might  improve  the  efficiency  of  the 
department.  The  results  already  obtained  have  justi- 
lied  the  time  and  expense,  and  a  more  thorough  and  ela- 
liorate  program  is  i)lanned  for  this  coming  winter.     In 


lor  this  work  and   (here  seems  nothing  of  greater  im- 
portance at  this  time. 

In  order  to  work  up  "esprit  de  corps"  a  I'"oremen's 
As.sociation  was  formed  which  meets  once  each  month. 
This  As.sociation  includes  every  foreman,  assistant  fore- 
man and  all  inspectors  in  the  department.  A  president, 
v.ce-])resident,  secretary  and  treasurer  with  an  enter-  planning  such  work,  the  fact  that  many  car  and  ecjuip- 
tainment  and  an  educational  commiltcc  were  elected,  ment  failures  are  due  to  jxjor  rei>airs  and  [loor  in.iiec- 
and    the    meetings   generally    consist    of    a    dinner    and      lion  is  kept  in  niintl. 

smoker  followed  by  carefully  selected  jiapcrs  alou;,  (he  A  room  in  the  sho])  was  equipped  with  an  enlaiged 

lines  of  shop  jilanning,  prn]>er  Inspection  methods,  etc.  viring  diagram  of  a  K  control  and  sample  motors,  con- 
'i  hese  meetings  have  done  nuicli  to  create  a  spirit  of  t; oilers,  and  trucks  were  arranged  so  that  a  demonstra- 
co-ojieration  and  good  fellowslil]),  and  lia\e  also  hcen  t'on  could  be  made.  Tn  selecting  the  apparatus  for 
\riluable  from  a  purely  educational  standpoint.  denionstralion,  e(|uipment  in  had  condition  was  utilized 

FOIIM   IV — WEEKLY   LABOIl   STATEMENT   ISSUED   TO  ALL   DEPARTMENT   SUPEItlNTENDENTS,   FOREMEN   AND   ASSISTANTS 

A  copy  of  this  form  is  sent  to  the  General  Manager. 


LABOR   STATEMENT   for   week   ending DEPARTMENT 
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Coming  back  to  the  man  again,  as  soon  as  he 
I''  selected,  iiitcix  icwed  and  hired,  it  is  endeavored  to 
].!ace  him  under  a  careful  follow  up  .system,  botii  bv 
loremen,  inspectors  and  suiierintendents.  The  wa\'  in 
\ihich  this  comjiany  does  certain  work  is  shown  him 
and  a  reason  given,  so  that,  as  nearly  as  practicable, 
slandai-d  rules  and  methods  shall  be  followed.  Fach 
new  employe  is  given  a  letter  that  tells  him  what  his 
hours  are,  his  clock  number,  his  class,  grade  and  rnte, 
the  deiiartment  in  which  he  has  leen  hired,  his  foren-an 
and  all  other  officials'  names  and  like  information.  In 
other  words,  he  is  given  a  typewritten  letter  that  gives 
liini  in  accurate  and  concise  form  information  that  fre- 
c,uently  requires  days  or  weeks  to  acquire,  and  which 
quickly  puts  him  in  touch  with  the  organization  he  has 
entered. 

For  the  \eiv  reason  that  labor  turn  over  was  high. 


and  thoroughly  competent  inspectors  or  foremen  made 
repairs  and  adjustments  before  the  men,  and  sho\<ed 
them  how  to  do  it  in  the  right  w\ny.  Pieces  of  appara- 
tus improperly  re]>aired  or  inspected  were  bi'ought  to 
the  instruction  room  and  there  repaired  in  the  correct 
method,  each  ste])  being  cai^efuUy  demonstrated.  Poor 
cable  splices  were  removed  from  cars  and  w'ith  new 
pieces  of  wire  the  proper  way  to  splice  and  solder  wire 
v.as  shown.  Journal  boxes  and  armatures  and  axle 
bearings  wei'e  ]>roperly  packed.  .\n  air  brake  test  ir.ck 
\.as  set  up,  with  piping  painted  ".o  a  color  .scheme  which 
was  du|)licated  on  enlarged  charts,  showing  piping  ^.nd 
cross-sections  of  valves.  These  pipes  were  used  to 
show  pipe  line  and  valve  passages,  w'ith  the  pressure 
and  volume  of  air,  and  the  various  applications  and  re- 
ductions were  demonsti"ated  on  the  test  rack.  Actual 
cases  of  trouble  occurring  on  cars  in  the  street  were  re- 


(  )clc)ber,    ii;20 


THE   ELECTRIC  JOURNAL 


451 


[uoduced    in    the    in^liuclion    room,    and    the    causes 
demonstrated  and  explained. 

The  instructions  are  strictly  along  practical  lines 
and  as  much  as  possible  technicalities  and  theories  are 
kept  in  the  back  ground,  although  it  was  found  thai:  ex- 
planation of  simple  theories  seemed  to  arouse  inieiest 
in  men  from  whom  it  was  least  expected.  Men  ••\\w 
had  been  around  cars  for  years  and  were  genei.jlly 
spoken  of  as  good  men,  were  found  to  have  the  vaguest 
iaeas  of  electrical  circuits,  and  few  had  any  real  ideas 
of  the  theory  of  air  brakes.  Enlarged  prints  of  air 
brake  installations  were  supplied  to  the  men  engaged  in 
air  brake  inspection  and  repairs,  with  instructions  to  fill 
ill  the  color  scheme,  and  colored  master  charts  ^Fere 
hung  in  the  instruction  room  for  the  purpose  of  com- 
parison. The  enlarged  diagram  of  a  K  control  15  by 
15  ft.  with  lamps  to  represent  controller  and  reverser 
contacts,  field  coils,  and  armatures,  was  wired  in  with 
:■.  controller,  using  red  lamps  for  the  reverse  positions, 
this  means  being  used  to  demonstrate  wiring  diagr;ims 

FORM  V— L.4B0R  DATA  FOR  WEEK  ENDING  AUGUST  6,   1920 
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\vorth  while. 

-Mtogether  the  idea  has  worked  well  and  not  the 
lea>l  of  the  benefits  obtained  is  the  fact  that  the  men 
bring  in  and  freel}'  discuss  a  great  many  points  in  the 
ilail\-  routine  tliat  would  never  be  brought  out  except 
inuler  similar  circumstances.  Many  good  suggestions 
lia\e  been  received  and  many  annoying  little  condi- 
titjns  straightened  out,  due  to  a  general  discussion  and 
frank  criticism,  that  all  help  to  improve  the  general  effi- 
ciency of  the  department. 

FORM   VI— INSTRUCTIONS   FOR  NEW   EMPLOVTiES 


and  teach  the  proper  method  of  testing  out  circuits.  At 
these  instruction  periods  no  opportunity  was  lost  of 
showing  the  importance  of  careful  and  thorough  work 
and  the  seriousness  of  any  car  failure  both  in  del.^.y  to 
service,  as  well  as  dollars  and  cents  loss  to  the  company. 

The  [leriod  of  instruction  was  arranged  to  make 
the  work  interesting,  snapp)'  and  not  long  enough  to 
;.llow  interest  to  drag.  Different  demonstrations  and 
1;  Iks  were  held  for  different  groups,  so  that  a  man  in- 
terested in  trucks  and  brake  rigging  would  not  have  to 
listen  to  a  discussion  on  the  proper  way  to  adjust  a  con- 
t' oiler  finger,  and  thereby  become  bored. 

Of  necessity  this  instruction  is  given  oft"  the  c  .'in- 
panj's  time,  and  the  success  of  the  scheme  depends  on 
awakening  each  man's  interest  and  conveying  to  him 
the  idea  that  he  is  getting  something  that  will  increase 
his  efficiency,  and  consequently  put  him  in  the  way  of 
promotion  and  increased  earning  capacity.  W'he  i  the 
school  was  started  the  attendance  was  larger  at  first 
than  was  maintained  later,  as  a  good  many  came  ou:  of 
ciiriositv,   but    enough    continued    to    come    to   make    it 


work   at    

Dept.    uniler    Mr 

clock    number    is 


.to  do  Class.. 
. . . . c    per   ho 


locker   number 


You  will  start  work  at  7:30  A.  M..  stop  at  12:00  noon;  start  1.. 
12:30  P.  M.  and  stop  at  5:00  P.  M.  on  all  days  c.-;cept  Saturdays,  | 
when  you  will  start  at  7:00  A.  M.  and  stop  at  1:00  P.  M.  You 
will  punch  your  number  on  the  time  clock  before  starting  time 
in  A.  M.  and  after  leaving  time  in  P.  M.  Your  total  working 
hours  will  be  fifty-one  hours  per  week,  but  you  will  be  paid  for 
fiflvtwo  and'one-half  hours  if  vou  arc  not  absent  or  late  during 
the  week.  Overtime,  Sunday  and  Holiday  work  is  paid  for  at 
the  rate  of  time  and  one-half.      You  will  be  paid  on  the   lllh  aud 

2fith  of  each  month.      The  company  holds  hack day.s' 

pay   in  order  to  make  up  the  pay  rolls. 

If  unable  for  anv  rca.son  to  report  for  work  you  will  send  word 
to  the  office  or  telephone  (Bell  'Phone  Clifton  624;  Home  'Phone 
Benton     2459). 

You  will  receive  an  emplovees'  book  of  tickets  free  in  which 
there  are  seventy  two  tickets,  and  in  -which  you  will  write  your 
name,  and  you  will  receive  a  now  book  in  exchange  for  the  old 
each  month  from  the  Timekeeper.  These  books  are  good  for 
yourself  only  and  no  one  else. 

Twice  each  month,  on  the  day  before  pay  day  you  will  receive 
an  identity  slip  from  Mr.  Woodward,  the  Tiiuekceper,  which  you 
will  prcseiit  for  your  pav  to  the  Paymaster  at  the  window  of  the 
pay   car.   which   comes   to   the   Shop. 

Days  on  which  identity  slips  and  employees'  tickets  are  issued 
will  be  advertised  on  bulletin  hoards.  You  are  expected  to  keep 
vourself  familiar  with  notices  and  bulletins  posted  on  Shop  Bul- 
letin Boards. 

This  Shop  is  operated  on  the  co-operative  phm.  ami  there  is  an 
Emiilovees'  Representation  Committee,  elected  by  the  men.  con- 
sist in:;'  Mf  ,-i..l,t  emplovees:  Mr.  Kasmussen,  Chairman;  Mr.  Ying- 
liii  ■  s,.  i.i.ux;  Mr.  Bovd,  .Mr.  Roberts.  Mr.  Kilker.  -Mr.  Drehmer, 
.\Ii  .s|m:,.^  Mr.  .l.ibes.  Six  foremen:  Mr.  I.amkin,  Mr.  Hib- 
))cit.  Ml  Wi-n-  Mr.  Hogaii,  Mr.  Havncs  and  Mr.  Rogers.  Oue 
General    Foreman.    Mr...Tohn   ReifF. 

If  you  should  believe  your  conditions  in  the  Shop  are  not  sat- 
isfactory, YOU  should  report  them  to  your  Foreman  or  the  Com- 
mittee. You  are  invited  to  make  criticisms  to  create  belter  work- 
ing  conditions    and  greater  elTicieiicy  and  safety. 

You  are  instructed  to  read  carefullv  the  booklet.  "The  Good 
of  the  Service,"  which  is  attached  to  these  instruction.?,  and 
which    explains   the   co  ■  oiicrative   idan. 

As  an  emplovee  of  this  Company  you  arc  eligible  for  member- 
ship in  the  Emphnees  Brotherhood  and  the  Building  and  Loan 
Association.  Your'  Foreman  will  gladly  give  you  full  information 
on  these. 

FOLLOWING    IS    A    I.IS'I'   OF   THE    EXECIITIVES    OF    THE 
SHOPS 
Mr     H.    S.   Day,   E(|uiiimenl    Engineer 
.Mr.    .1.    Keiff,    General    Foreman 
.Mr.    W.   Haynes,   Machine  Dept.   Foreman 
.Mr     .1     Rogers.    Blacksmith    F-ept.    Foreman 
Mr.    .1     \V     T!.iL-:in,    l.';ir    Wir.   Assem.    Dept.    Foreman 
Mr.    W  .    1;     l.iuuliiii      Krccting    Department    Foreman 
.Mr.    (■     Ilnlmstrum.    I':.int    Dc|.artment  Foreman 
.Mr.    .1.    Weir.    Truck    Dciiarlment   Foreman 
.Mr.    E.   Tullev,    Electric   Department  Foreman 
.Mr.    A.  llibbert.   Mill   Department  Foreman 


It  is  appreciated  that  many  of  the  ideas  nientiorted 
are  not  new,  but  the  consistent  carrying  out  of  the 
general  scheme  outlined  has  shown  results  and  the 
results  are  steadil}'  growing  better.  Welfare  work,  in 
the  sense  generally  conveyed  b\'  llat  term,  has  been  Icept 
cut  of  the  plan,  on  the  ground  that  the  right  kind  of 
.\merican  workman  prefers  to  earn  and  pay  for  his  own 
doughnuts  and  coffee.  The  accompanying  forms  and 
charts  are  the  principal  ones  used  in  tabulating  the 
labor  situation  and  the  titles  are  self-explanatory. 
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C.  M.  CROSS 

Motor  Engineering  Dcpt., 
stinghouse  Electric  &  Mfg.  Company 


WHEN  a  bearing  becomes  loose  in  a  railway  mo- 
tor housing,  it  should  be  repaired  before  the 
wear  becomes  so  great  that  the  bearing  will 
have  to  be  scrapped.  Bronze  armature  bearings,  if  not 
loo  loose  in  the  housings,  ma)-  be  reclaimed  by  e.xpand- 
sng. 

The  most  prevalent  cause  of  looseness  is  the  re- 
|(ival  of  bearings  for  rebabbitting  and  replacing  them 
^ithiiiu  expanding.  When  a  bearing  shell  is  pressed 
All.  the  small  ridges  due  to  turning  are  smoothed  out, 
ju  that  the  tonnage  required  to  press  it  in  again  is  nuich 
reduced,  as  well  as  the  amount  of  press  fit.  It  is  a 
much  safer  proceedure  to  expand  the  shell  when  it  is 
rcmo\ed  the  first  time. 

.Some  shells  may  be  expanded  a  second  time,  but 
the  i)ercentage  breakage  is  high,  approximately  75  per- 
cent. However,  it  is  economy  to  scrap  a  shell  rather 
than  to  allow  the  housing  to  wear  due  to  loose  bear- 
ings, necessitating  reboring  the  housing  and  using  a 
s]»ecial  over-size  bearing. 

The  following  method  of  expanding  bronze  bear- 
ings has  been  found  to  work  satisfactorily  in  the 
majority  of  cases.  It  should  be  borne  in  mind  at  the 
outset  that  satisfactory  expansion  depends  upon  having 
a  good  grade  of  bronze,  properly  mixed  and  poured. 
If  the  bronze  has  been  overheated  when  the  old  babbitt 
was  melted  out,  a  fracture  of  the  shell  is  liable  to  occur. 

CLK.VXING 

\\  hen  a  bearing  is  received  for  expanding,  all  oil, 
dirt,  or  foreign  substances  should  be  removed  by  dip- 
[;ing  in  a  solution  of  caustic  potash  or  by  burning. 
Burning  should  be  continued  until  all  smoke  ceases,  tak- 
ing care  to  heat  the  shell  uniformly,  and  avoid  a  tem- 
I'Crature  that  would  cause  the  babbitt  to  run.  Scrape 
llie  siuf.ice  with  a  file  and  clean  with  rough  sand  paper. 


Remuxe  the  old  babbitt  by  heating,  preferably  in  a 
pot  of  scrap  babbitt.  Great  care  should  be  used  not  to 
allow  the  bearing  to  remain  too  long  in  the  babbitt  pot, 
as  the  surface  to  be  babbitted  will  not  only  be  oxidized, 
destroying  the  tinned  surface,  but  the  bronze  will  he 
Vicakeneil.  making  it  much  more  subject  to  breaking 
v.hen  being  e.xpanded.  It  is  better  to  immerse  the  shell 
for  ici  or  15  seconds,  withdraw  it,  and  see  if  the  babbitt 
runs,  reiicating  the  innnersing  for  shorter  lengths  of 
tune  until  the  old  babbitt  has  been  removed,  and  a 
bright,  tinned  surface  appears. 

Should  the  shell  be  overheated  and  the  surface  oxi- 
dized, or  if  the  sli.tft  has  worn  through  the  babbitt  into 
the  brass,  it  may  be  necessary  to  take  a  light  cut  to  pre- 
sent a  clean  surface  to  be  tiimed.  otherwise  the  babbitt 
—ould  only  adhere  in  spots. 


Where  it  is  necessary  to  retin,  proceed  as  fol- 
lows : — Protect  the  parts  not  to  be  tinned  by  painting 
them  with  a  thin  mixture  of  graphite  and  water.  When 
this  is  dry,  swab  the  parts  to  be  tinned  with  zinc 
chloride,  then  dip  the  shell  into  a  pot  of  half  and  half 
solder,  which  should  be  kept  at  a  temperature  of  not 
less  than  340  degrees  and  not  more  than  375  degrees  C. 
Leave  the  shell  in  the  solder  until  it  is  just  hot  enough 
for  the  solder  to  run  off,  leaving  a  thin  coating.  Re- 
move the  shell  from  the  pot  and  rub  the  surface  to  be 
coated  thoroughly  with  a  swab,  saturated  with  zinc 
chloride,    then    dip    in    solder    again    to    wash    off    all 


Position  of  Sticet 

Brass  (or  Forcing' 

Oul  Window 


FIG.     I — SKETCH    OF    BEARING 

Showing    jack    in    window. 
traces  of  zinc  chloride.     If  any  untinned  spots  can  be 
detected  on  the  surface  to  be  babbitted,  repeat  the  op- 
cation. 

M.\BBITT1N(; 

.Slic'lls  should  now  be  babbitted  with  approximately 
.1  3/16  in.  wall.  This  allows  a  roughing  cut  of  1/16 
in.,  leaving  a  Ig  '"•  wall  when  the  bearing  is  expanded, 
and  an  opportunity  to  finish  to  a  1/16  in.  wall  when 
tiie  bearing  is  finished.* 

i;xp.\Ni)iNr, 

The  expanding  is  accomplished  by  forcing  a 
t;  pered  mandrel  through  the  .shell,  by  means  of  a 
hydraulic  i)ress.  Mandrels  are  8  to  12  in.  long  and 
made  from  sections  of  shafts  of  axle  steel,  with  a 
la()er  of  0.030  in.  to  the  foot.  A  four  inch  bearing  will 
require  from  one  to  five  tons  and  a  six  inch  bearing 
from  five  to  ten  tons  pressure,  depending  on  the  amount 
of  babbitt,  the  thickness  of  the  walls  and  the  condition 

♦More  complete  information  relating  to  the  babbitting  of 
railway  motor  bearings  may  he  found  in  "Railway  Operating 
Data"'  ."section  of  the   Iourn.m.  for  October,   1916. 
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of  the  metal  in  the  shell.  It  is  well  to  oil  the  naandrel 
before  pressing  it  through  the  bearing.  The  shell 
should  have  the  bore  turned  to  the  same  diameter  as  the 
Muall  end  of  the  tapered  mandrel,  the  mandrel  having 
.1  '  8  in.  radius  fillet  to  avoid  cutting  the  babbitt. 

In  bearings  where  the  window  covers  one  third  the 

circumference  or  more,  a  jack  should  be  used  between 

the  sides  of  the  window  in  an  axial  direction  to  keep 

ihe  small  section  from  being  pressed  out  of  shape.     A 

-I  in.  bolt  and  nut  answer  very  well  for  this  jack. 

The  bearings  are  mounted  flange  down  on  a  plate 
\\  ith  a  hole  large  enough  to  allow  the  tapered  mandrel 
to  pass  through.  \Mien  the  mandrel  has  been  pressed 
through,  the  bearing  is  calipered  to  see  if  it  has 
stretched  in  an  oblong  shape  due  to  the  tnetal  stretch- 
ing more  at  the  window.  To  overcome  this,  a  sheet  of 
brass,  (of  a  thickness  equal  to  the  difference  between 
the  maximum  and  minimum  inside  diameters  of  the 
shell,  approximately  o.oio  in.)  is  placed  in  front  of  the 
window  for  the  full  length  of  the  bearing,  having  about 
a  one  inch  lap  on  each  side  of  the  window,  and  the  same 
mandrel  pressed  through  again.  This  brings  the  bear- 
ing to  approximately  a  true  cylinder. 

FINISHING 

The  inside  diameter  should  be  carefully  bored  to 
the  shaft  size  plus  0.006  to  0.008  in.,  the  sides  of  the 


windows  chamfered,  and  bearing  mounted  on  a  man- 
drel or  expansion  chuck  for  the  final  finish  of  the  out- 
side diameter.  When  expanded,  the  bearing  should  be 
from  O.OIO  to  0.020  in.  too  large  so  that  a  light  cut  can 
he  taken,  leaving  it  from  0.002  to  0.004  in-  larger  than 
tiie  normal  size  for  ])ressing  in  the  housings. 

GENERAL 

While  this  method  has  given  satisfactorj'  results 
for  small  expansions,  it  cannot  be  used  as  a  cureall  for 
loose  armature  bearings,  as  a  net  expansion  of  over 
O.OIO  to  0.015  in-  would  weaken  the  bronze,  if  not 
rupture  it.  P.y  this  method  many  bronze  bearings  may 
be  reclaimed  which  would  otherwise  be  scrapped,  and 
a  tight  fit  maintained  between  housing  and  Ijearing. 

SUMMARY 

I — Clean  bearing. 

.? — Tin  surface  to  be  babbitted,  do  not  overheat, 
jf — Babbitt  bearing. 

4 — Bore  to  small  diameter  of  tapered  mandrel. 
5 — Press  mandrel  through,  taper  0.030  in.  to  one  foot. 
6 — Press  out  at  window,  if  necessary. 
7 — Bore    for   inside   diameter   finish   0.006   to  0.008   in. 
large. 

S — Chamfer  window. 

9 — Turn    outside   diameter  0.002  to  0.004   in.   large. 
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LYNN  G.  RILEY 

Control   Engineering  Dcpt., 
Westinghouse  Electric  &  Mfg.  Company 


((i;fiT{\€iiiX^ 


ADEQUATE   protection   of   the   electrical   equip-  0 — Failure  to  concentrate  the  normal  arcing  in  that 

ment  on  cars  and  locomotives  becomes  increas-  part  of  the  apparatus  especially  designed  for  such  duty, 

ingly  important  as  the  distribution   system  ex-  7 — Excessive  burning  of  contacts,  with  accunuila- 

pands  in  size  and  capacity.     Safety  considerations,  and  tion  of  gases,  resulting  from  "inching"  the  car  in  con- 

ihe    prevention    of    serious    destruction    of    parts,    also  gested  traffic, 
justify  a  careful  consideration  of  the  causes  of  over- 
loads   and    means    for    preventing    or    minimizing    the 
eft'ects. 


TROUBLE    CAUSES 

Some   of   the   conditions   which   must   be   guarded 
Ljainst  are  the  following: — 

/ — Normal  overloads,  due  to  careless  operation  or 
incorrect  functioning  of  apparatus. 

2 — Excessive  overloads,  dm  to  grounded  appa ra- 
ms or  cables. 

5 — ^Momentary   interruption   of  the  power  supply, 

"c  to  bouncing  of  the  trolley  or  gaps  in  the  third  rail, 

'    Using  current  surges  and  possible  flashing  of  motors. 


PROTECTIVE    MEASURES 

The  problem  of  protection  changes  with  the  size 
of  the  equipment  and  the  ultimate  power-house  ca- 
pacity, and  the  methods  used  can  be  divided  roughly 
ii^to  those  adapted  to  drum-type  control  equipments, 
and  those  used  with  multiple-unit  or  remote  control  ap- 
paratus, the  latter  including  heavy  cars  and  locomotives. 
Some  of  the  methods  used  to  protect  drum-type  control 
equipments  are  given  below  in  the  order  of  their  effec- 
tiveness:— 

/ — A  magnetic  blowout  fuse,  usually  of  the  ribbon 
t\pe,  connected  in  the  trolley  circuit  with  means  for 
expelling  the  arc  to  atmosphere.     A  fuse  is  selected  to 


4 — ^  iolent  surges  in  the  line  voltage,  due  to  sudden  blow  on  a  sustained  overload  of  200  percent. 

changes   in   the   load,   particularly   at   the   end   of   long  2 — Separate    ribbon    fuses    in    each   motor   circuit, 

transmission  lines.  giving   full   protection,   either   in   series  or  in   parallel. 

5 — Grounds  occurring  between  the  current  collec-  and  acting  as  automatic  cutouts  for  individual  motors. 

iir  and  the  main  fuse,  which  are  not  sufficiently  severe  j — A  fuse  used  in  conjunction  with  a  hand  oper- 

I'    open  the  substation  or  feeder  breakers.  ated  type  circuit  breaker  moimted  on  the  car  platform. 
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Circuit  breakers  are  set  to  trip  on  150  to  175  ])ercent 
cverload. 

// — A  fuse  in  conjunction  with  a  remote  control  line 
switch  |iro\i(le<l  with  an  overload  relay  and  mounted 
beneath  the  car.  The  line  switch  is  operated  by  a  com- 
trol  contact  device  included  in  the  main  controller. 

5 — .\  combination  of  the  above,  together  with  spe- 
'  lal    means    for    securing   quick    resjjonse    of    the    line 


ric.     I — STAND.VRI)    MAGNETIC    ItLOUOCT    rUSE    IIOX 

Using   a   copper   ribbon    fuse. 

switch  in  order  to  relieve  the  controller  drum  of   the 
normal  arcing  duty  when  shutting  off  power. 

It  is  now  generally  recognized  lliai  all  drum  con- 
trollers can  ])rohtably  be  equipi>ed  with  a  remote  con- 
trol line  switch,  so  connected  as  to  relieve  the  controller 
of  destructive  arcing,  and  also  remo\e  the  "fireworks" 
from  the  platform.  The  usual  mclliod  is  to  emplo}-  a 
smgle  line  sv\itch  and  overload  relay  such  as  shown  in 
I'igs.  3,  4  and  6,  together  with  a  ratchet  switch,  Fig. 
;.  attached  to  the  main  controller  drum  shaft,  and 
connected  as  indicated  in  Fig.  8.  The  ratchet  contacts 
close  when  the  drum  is  moved  to  the  first  position.  A 
pick-u])  circuit  completing  the  magnet  circuit  for  the 
line  switch  i>  also  closed,  and  immedialch  by-passed 
by  the  I.S  holding  interlock.  The  pick-uii  contact  is 
open  beyond  the  first  position.  W'lien  mo\  ing  back- 
ward 1 1'om  any  |)f)sition,  the  ralcliet  contact  opens  at 
once  anil  cannot  be  closed  until  mo\ed  to  the  off  iiosi- 


V\C.        2 — STANIjARU        CAK        type     I-K;.      J — S.VAI.L      size      electro- 
circuit    IIREAKER  I'NECMATIC     LINE     SWITCH 

Lsing  a  single  coil  for  For  use  with  drum  con- 
blowout  and  for  trip.  One  trollers.  Tbe  overload  relay 
liandle  closes  and  trips  the  has  the  automatic  reset  feat- 
contacl  arm.  urc. 

tion.  This  feature,  and  the  pick-up  contact  insure  that 
after  any  interruption  of  power  the  car  cannot  be 
started  again  except  from  the  first  position. 

The  overload  relay  includes  a  holding  coil  which  is 
also  energized  from  the  operating  circu  t  and  prevents 
tl:e  closing  of  the  line  switch  magnet  circuit  following 
;.n  overload,  until  the  drum  controller  has  been  returned 
!■■  the  off  position  and  the  control  circuit  broken.     This 


is  knovv.i  as  the  automatic  reset  feature  and  eliminates 
tiie  necessity  for  the  manii)ulati(jn  of  a  separate  switch 
id  order  to  re-establish  the  operating  circuit  after  the 
(j\erload  has  occurred.  The  possibility  of  abusing  an 
tqui])ment  with  such  a  device  is  off-set  by  the  time 
saved  in  ajijjlying  ])ower  after  the  overload  relay  is  op- 
erated. This  feature  is  especiall\-  important  in  climbing 
a.  steei)  grade. 

The  methods  used  for  protecting  remote  control 
equipments  have  been  carried  to  a  greater  degree  of  re- 
linement  on  account  of  the  larger  sizes  of  equipments 
involved.  These  methods  can  be  summarized  as  fol- 
If.  w's: — 

I — The  standard  magnetic  blowout  rihbijii  fuse, 
connected  in  the  trolley  circuit,  in  conjunction  with  an 
overload  relay  which  is  effective  to  open  some  of  the 
starting  switches  in  the  switch  group.  These  switches 
ii'ay  or  may  not  have  extended  arc  chutes  for  venting 
the  arc  gases,  depending  on  the  size  of  equipment,  the 
str\ice  and  the  characteristics  of  the  power  supi)ly. 


1  !(..       .4     —     EI-ECTKO-rXKCMATIC     FKi.    5 — .\    IIEAVV    HIT V.  EI.ECTKi  - 

I.I».E     SWITCH,     INTER-  PNEU.MATIC   LI.VE    SWITCH 

MEniATE     SIZE  FOR     SUItWAV     ISE 

Kor   use   with   either   drum   or        The    magnet    valve    is    encr- 
inultipie-unit    control  gized  from  the  line,  and  is  si' 

sensitive  in  adjustment  thai 
the  switch  will  op-.n  on  a 
sudden  drop  in  voltage,  such 
as  may  be  caii^ed  by  line  dis- 
disturbances  or  shorl  gaps  in 
the  third  rail. 

^ — The  combination  of  fuses  and  an  overload  re- 
lax, together  with  a  unit  switch  or  switches  mounted 
in  a  separate  frame  and  acting  as  a  line  switch  or  cir- 
cuit breaker. 

■J — .\  combination  of  the  above,  together  with  two 
o\erload  relays,  one  in  each  motor  circuit,  ."--iich  a 
combination  gives  full  overlo'ttl  protection,  both  in 
series  and  in  parallel,  and  is  especially  important  in  the 
cp.se  of  three-sjieed  equipments  or  on  equipments  usc<l 
for  both  600  and  1200  volt  operation. 

-/ — In  conjunction  with  tlie  fuses  and  relays,  a 
high-speed  line  switch  adjusted  to  open  with  abnormal 
speed,  either  in  response  to  the  overload  relay  or  due 
l<  a  sudden  drop  in  volt.ige,  such  as  usually  accom- 
jianies  a  sudden  increase  in  load  on  the  line.  .\  high- 
voltage  surge  usually  follows  such  a  phenomenon  and 
the   jnirpose  of   the   high-speed   is   to  open   the   circtiii 
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quickly  and  protect  the  motors  against  the  vohage  peak, 
^-uch  a  line  switch  is  also  effective  to  drop  out  on  a  par- 
tial interruption  of  power,  such  as  occurs  on  ;i  short 
gap  in  the  third  rail. 

5 — A  combination  of  fuses  r^nd  a  circuit  breaker  of 
abnormal  sjieed,  which  is  closed  by  normal  electro-pneu- 


III,    (1 — iwi)   VIEWS   uF   .\    iKirr.i.E   i-iXF,   surrcii 
\\  ifli  auxiliary   relays,   as  applied  to  large  multiple-unit  cars. 

iiiatic  means,  but  is  latched  in  a  closed  position  and  the 
operating  mechanism  immediatel}'  released.  The  over- 
load coil  then  acts  directly  on  the  latch,  independent  of 
any  o\erload  relays  or  controlling  circuits  and  me- 
chanism, and  the  circuit  breaker  is  caused  to  open  very 
cjuickly  by  means  of  energy  stored  in  springs  previously 
compressed  by  the  operating  mechanism. 

6 — In    high-\oltage    direct-current    service,    where 
the  short-circuit  current  is  extreme,  the  resistance  t\'pe. 


FKi-     7 — K.XTLHET     SWITCH     .\TT.\r  II  M  K.N  T 

For  assembly  on  the  bottom  of  the  main  shaft  of  dnun 
controllers.  'I'lie  control  circuit  for  the  line  switch  is  opened 
when  the  main  handle  is  moved  from  any  point,  a  short  dis- 
tance toward  the  "ofif"  position.  The  ratchet  does  not  close 
until  the  handle  is  moved  back  to  the  "off '  position  stop,  and 
is  again  advanced  to  the  starting  point. 

i.ultiple  circuit  breaker  is  used.  .\  |iorlion  of  the 
5;arting  resistance  is  cut  into  the  circuit  before  the  fmal 
circuit  breaking  switches  are  opened.  The  total  energy 
to  be  dissipated  is  thus  distributed  over  several 
switches. 


7 — (.)n  third  rail  service,  there  m;iy  be  used  an 
emergencv  device  to  disconnect  the  entire  equipment 
from  the  supply  circuit,  or  to  trip  the  feeder  circuit 
breakers,  in  order  to  inlerrupl  a  high  resistance  arc. 

SPKCIAI,   .\I>PLIC.'>iTI0NS 

As  illustrating  the  degree  of  protection  which  is 
lound  desirable  in  some  special  cases,  Figs.  5  and  9 
^hovv  a  svsteni  of  |)rotection  which  has  been  ap|)lic(I  to 

|60U  V. 


Trip 
Relay 


FIG.    8—  CO.XTIOI.    UIKI.Xc,    Fol; 
DRUM    CONTROLLER    1 


A     I  INF    SWnclI     OFFK.VTED    BY 
.\TCHET    .VTT.VCH.MENT 


heavy  multiple-unit  equipments.  Il  is  desired  to  have  a 
l;ne  switch  wliich  will  open  very  (piickly  on  a  sudden  re- 
duction in  voltage,  and  cause  the  entire  control  to  open 
^o  that  power  will  be  applied  automatically,  with  re- 
sistance in  circuit,  after  the  line  voltage  has  been  re- 
established. In  long  trains  passing  over  gaps  in  third 
tails,  violent  surging  will  take  ['lace  unless  some  such 
[precaution  is  provided.  The  line  switch  also  includes 
oouble  overload  protection,  ;ind  is  provided  with  excep- 
t.onallv  large  exhaust  ports  in  the  air  cvlinder  to  in- 
sure quick  oper.ition. 


;oni,oi  i/ 


Holding  Coil  for  Trip 


FIG.    9 COXTKOL    WIRING    FOR    STECIVL    SIBWAY    TVl'E    LINE    SWITCH 

The  train  controlling  supi)ly  is  secured  from 
battery  voltage,  whereas  the  line  switch  magnet,  as 
shown  in  Fig.  9.  is  o|>erated  direct  from  the  600  volt 
supply.     The   line   switch   magnet   circuit    i>  completed 
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thrtntgh  a  resistance  unit,  the  operating  relay,  the  over- 
load relay  and  an  interlock  which  is  closed  in  the  start- 
ing position  only  of  the  main  control.  As  soon  as  the 
line  switch  is  closed  and  the  control  moves  from  the 

first    position,    additional    resistance    is    inserter!    in    tlie 


FIG.     10- — TWO    VIEWS    OF    A    HICH    SPEED    DIRECT-CURRENT 
LOCOMOTIVE   CIRCUIT    BRF.AKER 

The   switch   is   closed   elcctro-pneumatically,   and   tripped 
by  a  direct  acting  phniger,   iiidcpendeiit  of   the 
closing    mechanism 

line  switch  magnet,  this  circuit  being  maintained  by  the 
line  switch  holding  interlock.  The  line  switch  magnet 
v.,  thus  made  very  sensitive  to  fluctuations  in  line  volt- 
age, and  may  be  calibrated  to  release  on  a  25  percent 
reduction.  The  interlock  insures  that  when  the  line 
switch   is  opened   it   can  not   be  again   closed   until   the 


I 

lie,.     II — F.MERC.EXCV    SHORT-CIRCUITINC    SWITCH 

L  sed  ;i~  a  final  means  of  clearing  a  destructive  arc.  by  tripping 
the  feeder  breakers.     Has  been  applied  to  third  rail  locomotives. 

entire  control  equipment  is  relea.sed  in  preparation  for 
a  new  cycle  of  operation  from  the  starting  position. 
In  ordei  to  be  effective  such  a  switch  must  open  in  0.03 
second  or  less,  after  the  magnet  circuit  is  broken. 

In  addition  to  the  quick  res[)onse  to  fluctuations  in 
line  voltage,  the  quick-acting  feature  is  effective  to  open 


;  head  of  the  other  switches  in  ilie  equipment,  and  re- 
lieve them  of  the  arcing  duty  incident  to  normal  oper- 
ation. 

( )n  heavy  capacity,  low-voltage,  third-rail  systems, 
it  is  frequently  possible  to  establish  a  partial  ground  on 
cables  or  other  live  parts,  ahead  of  the  usual  discon- 
nection apparatus,  resulting  in  a  sustained  and  very  de- 
structive arc.  Two  methods  of  e-\tinguishing  such  an 
arc  are  shown  in  Figs.  11  and  l^.  -The  first  is  a  "plain 
1-nite  switch  with  quick  closing  means,  and  is  con- 
nected directly  from  the  third  rail  shoe  bus  to  ground. 
It  is  effective  to  -open  the  feeder  circuit  breakers, 
whenever  the  arc  itself  is  not  sufficient  to  do  so.  .\n- 
cther  effective  method,  shown  in  Fig.  13,  is  to  fit  the 
third  rail  shoe  beam  with  an  emergency  lowering 
cylinder,  combined  with  the  usual  shoe-down  me- 
chanism in  such  a  way  that  the  contact  shoe  can  be 
lowered  abnut  three  inches  below  the  live  rail.  The 
magnetic  blowout  effect  of  the  current  in  the  steel  rail 
is  sufficient  to  open  a  heavy  .short-circuit. 

Sl'MMARY 

It  is  olniousl)'  impracticable  to  provide  protecti\e 
equipment  on  each  one  of  thousands  of  cars  on  a  large 
system  which  is  capable 
of  opening  any  short- 
circuit  which  m  a  y 
occur  on  such  a  system. 
However,  the  ordinary 
overloads  and  partial 
grounds  must  be  taken 
care  of,  and  the  re- 
sultant damage  to  ap- 
paratus reduced  to  a 
minimum.  The  degree 
of  refinement  necessary 
is  dependent  on  the 
size  of  equipment,  the 
severity  of  the  service, 
the  frequency  of  opera- 
tion, and  the  character- 
istics of  the  power 
supp'y.  Most  applica- 
I'ons  can  be  governed 
by  previous  experience 
on  the  property  in  que-- 
tion    or    on    similar    in-  ^ 

stallations.  ^'°-    '^ — third    rail   shoe   with 

EMERGENCY    LOWERING    CYLINDER 

On    many    systems        ^hc  shoe  can  be  pushed  down 

the   cost   of   refinements  about  three  inches  below  the  rail 

J      .  •  as  a  final  disconnecting  means. 

:n  protective  devices  is 

amply  justified  by  the  reduction  in  maintenance 
charges,  and  by  the  ]x)ssibilit'y  of  increased  mileage  be- 
tween inspections. 


MMltiulo 'Uidi  Ti'ak  O^emiioB 


S.  B.  SCHENCK 

Railway  Eeiuipment  Engineering  Dept., 
W'cstinghouse  Electric  &  Mfg.  Company 


PRESENT  day  electric  traction  generally  applies 
nioti\e  power  to  trains  in  one  of  two  ways.  One 
way  is  to  concentrate  the  motive  power  in  an  in- 
ai\  idual  unit  at  the  head  of  the  train,  as  is  done  when  an 
electric  locomotive  hauls  a  passenger  or  freight  train. 
The  other  way  is  to  distribute  the  motive  power  in  a 
number  of  units  throughout  the  entire  train,  as  for  ex- 
ample, a  train  of  passenger  cars  with  motors  and  motor 
control  apparatus  on  each  car.  Each  car  then  consti- 
tutes a  complete  transportation  and  motive  power  unit, 
capable  of  being  operated  either  alone  or  in  trains. 
Train  operation  is  made  possible  by  causing  the  motor 
control  apparatus  on  all  cars  to  operate  in  unison,  by 


ment.  When  these  limits  e.xisl.  the  highest  safe  speed 
can  be  obtained  by  nniltiple-unil  trains  becau>e  of  the 
excellent  distribution  of  power  ami  weight. 

Multiple-unit  train  operation  is  a  necessity  for  ele- 
vated and  subway  lines,  due  to  the  extraordinary  traffic 
re(|uirenients.  b'lexibility  in  iiroportioning  size  of  train 
to  trafiic  is  one  re([uisite:  Init  above  this  is  the  necessity 
for  obtaining  clo^e  beadwa_\'  and  high  schedule  speeds, 
which  require  large  motor  capacity,  high  and  uniform 
rates  of  accelei^ation  and  braking.  On  elevated  struc- 
tures the  weight  of  the  train  should  be  well  distributed 
(■11  the  rails,  and  at  the  same  time  .■ibundaiU  motive 
power  should  be  available.     Schedules  must  not  be  seri- 


connecting   the   apparatus   in   multiple    from   operating     ously  interfered  with  in  case  one  unit  of  the  trains  be- 


circuits  extending  throughout  the  train.  This  principle 
was  applied  original!}'  on  the  multiple-unit  passenger 
trains  in  elevated  and  subway  service,  but  now  the  ap- 
plication covers  cars  and  locomotiYes  of  the  entire  elec- 
tric traction  field. 


comes  disabled.  Very  few  of  the  severe  conditions  can 
be  met  successfully  by  any  type  of  moti\e  ])ower  other 
than  nuiltiple-unit  etiuipments. 

(_)n  steam  railroad  electritications,  particularly 
those  handling  large  volumes  of  suburban  passenger 
tratfic,  the  conditions  are  much  the  same  as  on  subwa>- 


Fir,.      I — MUI.TIPI-F-UNIT     TKAIN     FOk     STKKET     KA!LUA\'     SKKNh  1 

Street  railways  tiiid  multiple-unit  trains  a  satisfac- 
tory solution  of  the  problem  of  handling  rush  hour 
traffic  efficiently.  When  extra  multiple-unit  cars  are 
placed  in  rush  hour  service,  the  accelerating  rates  of  the 
trains  do  not  drop,  because  the  added  cars  furnish  addi- 
tional motive  power,  and  consequently  schedule  speeds 
are  maintained.  Only  one  motorman  is  required  per 
train,  thus  tending  to  minimize  platform  expense.  Peak 
loads  originating  at  one  point,  such  as  parks  or  indus- 
trial plants,  can  be  handled  expeditiously  with  trains 
running  under  close  headway. 

On  interurban  roads  or  electrified  branch  lines,  the 
traffic  usually  has  fewer  severe  fluctuations  than  occur 
on  street  railways.  To  meet  regular  schedules  the 
trains  must  vary  in  length  and  many  times  a  single  car 
is  sufficient.  Multiple-unit  equipments  fit  such  condi- 
tions admirably.  One  particular  advantage  over  the 
use  of  locomotives  is  that  all  the  space  in  the  train  is 
available  for  revenue  producing  load,  and  this  is  a  very 
important  item  in  single  car  operation  or  in  short  trains. 
The  maximum  safe  speed  on  some  roads  is  limited  by 
weight  of  rail,  condition  of  road  bed,  profile  or  align- 


l"l(,      J Ml'l.Tll'LK-r  Nil      n.AIi\     I"(IK     1  .\  I  KKlll' UHA  .N     t,EkAlCl-. 

lines.  In  addition  to  furnishing  the  requisite  motor 
capacitv  for  high  schedule  speeds  and  flexibility  for 
I\andling  traffic,  the  turning  of  trains  at  stub-end 
terminals  is  eliminated  and  noii-re\eiuie  train  move- 
ments are  reduced  to  a  minimnni.  At  congested 
terminals  or  }ards,  the  track  capacity  is  utilized  to  the 
fullest  extent  because  the  motixe  power  is  integral  with 
the  cars.  I'or  these  reasons,  the  multiple-unit  car 
makes  an  ideal  transpdrtatioii  unit  for  steam  railroad 
electrifications. 

The  princi|ile  of  inultiple-unit  control  can  be 
applied  to  locomotives  as  well  as  cars.  .\ii  example  of 
tb.is  is  found  on  the  New  York,  New  Haven  and  Hart- 
ford Railroad,  where  two  electric  locomotives  ihu.s 
equipped  are  frequentl\-  "double-headed"  to  haul  either 
passenger  or  freight  trains,  .\nother  example  is  the 
electric  freight  locomotives  of  the  Norfolk  &  ^\'estern 
Railroad.  Each  locomotive  comprises  two  cabs. 
operated  together  as  one  unit,  the  motor  control  appara- 
tus of  each  cab  being  connected  in  multiple  from  con- 
trol circuits  extending  from  cab  to  cab. 

Besides  being  adapted  for  the  diflferent  classes  of 
>ervice  in  the  electric  traction  field,  multi|ile-unit  con- 
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Irol  inu>t  oi)er;ile  luulei'  iiiaii)  \\i(lel\  dift'ereiU  coiuli- 
liiiiis.  Tlie  motor  control  apparatus  on  the  car  or  loco- 
UHjtive  provides  the  necessary  electrical  circuits  from 
ihe  tiolley,  or  other  contact  conductor,  to  the  propelling 
niolors.  The  power  sup]ily  may  be  alternating  or  di- 
rect current,  at  voltages  ranging  from  600  to  3000  for 
direct  current,  or  2200  to  16500  for  alternating  cur- 
lent.  The  power  supply  conductors  may  ha\'c  various 
locations  with  respect  to  the  running  rails,  such  as  o\  er- 
liead  trolley,  third  rail,  nr  undergrcnind  cunductors  in 
open  conduit  systems. 

Some    multiple-unit    ecjuipments    operate    on    hoth 
alternating  and  direct  current,  or  with  various  kinds  of 


Fii;.    ,^ — Mfi.TiPi.K-rNrT   thaix    idu    sri;\\A\     sKinu  1: 

contact  conductors.  One  exam])lc  of  the  latter  is  found 
on  an  interurhan  road  between  I'allimore  and  W'ash- 
ington.  On  this  road  the  nuillii)le-unil  cars  run 
through  the  citv  streets,  where  rail  return  'kk)  \fiU 
overhead  trolleys  are  required,  then  over  interurhan 
tracks  with  o\erhead  1200  volt  trolley  and  rail  return  ; 
then  over  a  short  stretch  of  track  with  overhead  return 
and  overhead  trolley  at  600  volts,  then  through  city 
streets  where  underground  conduit  system  requires  a 
double  contact  shoe.  This  is  an  inuisual  combination 
but  it  shows  the  adaptabilit\-  of  the  nuiltiple-unit  con- 
tiol.  This  fact  is  further  emphasized  by  those  in- 
stances of  cars  operating  interchangeably  on  both  direct 
and  alternating  current,  and  it  's  all  the  more  remark- 
able because  the  greater  part  of  the  motor  control  ap- 
paratus is  placed  in  the  liiuited  space  beneath  the  car 
body  between  the  trucks. 

The  use  of  electroiineunialic  motor  control  appara- 
tus is  one  way  of  meeting  the  space  requirements  in 
multiple-unit  train  operation.  ,  This  type  of  cont 
embodies  the  results  of  twenty  years  development,  a 
the  features  have  all  been  proved  in  severe  service. 
Compressed  air  affords  the  most  reliable  means  for  op- 
erating the  motor  control  apparatus.  A  comjiaratively 
large  amount  of  power  can  be  confined  in  a  .small 
cylinder  and  this  power  gives  positive  action  of  the 
cylinder  ]>iston.  When  such  cylinders  are  applied  to 
motor  switches,  the  heavy  pressures  insure  good  elec- 
trical contact.  ^loreover,  the  pressure  is  constant  and 
independent  of  fluctuations  in  line  voltage.  The  pneu- 
matic valves  controlling  the  air  to  the  various  cylinders 
are  operated  electrically  by  small  .solenoid  magnets 
v.hich,   in   tiu-n.  obtain   their   power    from   control,    for 


train  line),  circuits  that  extend  from  end  to  end  of  each 
car,  and  from  car  to  car  in  a  multiple-unit  train.  The 
unit  construction  of  switches  allows  great  flexibility  in 
arrangement  and  grouping  of  switches  in  single  frames, 
when  re(|uired.  A  cross-section  of  a  typical  unit 
switch  group  is  shown  in  Fig.  5. 

The  air  pressure  requires  a  \ery  small  thrust  on  the 
valve  stems,  so  that  the  power  required  to  operate  the 
valve  magnet  is  small.  This  allows  the  use  of  a  storage 
battery  as  a  source  of  energy  for  the  control  or  train 
line  circuits,  thus  making  the  ojveration  of  the  motor 
conlrul  a|i]iaratus  independent  of  the  trolley  voltage, 
which  is  a  feature  of  great  importance  in  heavy  mui- 
tii)le-unit  train  operation,  such  as  on  elevated,  subways, 
and  steam  railroad  electrifications.  The  storage  battery 
als(j  serves  as  a  means  for  energizing  emergency  lights, 
signals,  markers,  and  other  auxiliary  devices,  as  for  in- 
stance. electro|)neumatic  air  brakes  or  electropneu- 
maticall}-  operated  car  doors.  Reliability  of  control 
(liberation  is  enhanced  b\'  the  u  ;e  of  a  storage  battery. 
because  the  low- voltage  on  the  train  line  control  cir- 
cuits |)ractically  eliminates  insulation  breakdowns. 
This  is  an  important  factor  in  the  design  of  apparatus 
I'sed  in  subways,  since  brake  shoe  dust  is  present  in 
large  quantity,  and  further  it  becomes  magnetized  when 
adhering  to  certain  apparatus  and  is  very  dilTicult  tn 
dislodge.  High  xoltage  quickly  searches  out  and  breaks 
('own  any  low  resistance  path  that  is  made  by  the  iron 
(lusi  adhering  to  insulated  sm'faces. 

.\nolher  feature  in  train  operation  ol)tainable  b\' 
ihe  use  of  a  storage  battery,  is  the  ability  to  operate 
iidm  the  head  car  of  the  train,  if  the  current  collectors 
(ai  this  car  are  disabled  or  the  ]>ower  sup[)ly  is  other- 
wise inlerrupled.  .\  control  system  depending  on 
trolley  Noltage  for  energizing  the  control  circuits  must 
necessarily  be  fed  from  the  ])ower  supply  separately  on 
each  car,  unless  a  power  bus  line  is  used.  If  for  any 
leason,  the  power  sujiply  is  lost  on  the  head  car  of  ;i 
train  without  a  jiower  l)us  line,  the  train  must  then  be 
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(  perated  from  some  one  of  the  rear  cars.  The  result  is 
that  the  motorman  cannot  see  the  track  signals  to  ad- 
vantage, nor  receive  the  signals  from  the  train  crew  as 
i,uickl\ .  and  consequently  time  is  lost,  both  in  starting 
and  in  running,  which  interferes  seriously  with  the 
schedule  of  the  entire  line  during  rush  hours.  Since 
batteries  are  carried  on  each  car  of  the  train,  they  are 
connected  in  multiple  and  the  chances  of  failure  of  con- 
trol circuit  energy  are  jiracticallv  eliminated. 
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\oltage,   partially   because   the   ser\ice   usualh 

oontro]  power  to  be  availalile  at  all  times,  and  partially 


Cars  or  locomotives  operated  from  an  alternating-      ihe   operating   conditions   differ   widely    from    the   sub- 
unent  trolley  usually  require  the  control  circuits  to  be      ways,  elevated  and  electrified  steam   railroads.     Space 
source  of  supply  independent  of  the  line      for  control  equipment  is  much  more  limited,  auxiliaries 

requires  are  few,  shop  facilities  frequently  are  meagre,  train  o])- 
eration  is  infrequent  and  it  is  not  only  difficult,  but  often 
impossible,  to  secure  a  good  class  of  labor  for  operating 
and  maintaining  the  equipment.  These  conditions  re- 
quire the  elimination  of  all  possible  complications  of  the 
control  equipment,  as  well  as  the  sacrifice  of  some  ad- 
\antages  for  the  sake  of  maximum  simplicity  and  sav- 
ing of  space,  so  long  as  reliability  of  operation  is  not 
decreased. 

Maximum  simplicity  of  control  equipments  suitable 
for  these  'conditions  is  derived  by  taking  energy  from 
tb.e  trollev  line  for  operating  the  valve  magnets  of  the 
niotor  switches  and  other  main  circuit  apparatus.  At 
Uie  same  time,  the  voltage  on  most  of  the  control  train 
line  circuits  can  be  reduced  to  a  fraction  of  the  trolley 
Miltage  by  a  special  arrangement  of  the  magnet  coils 
and  the  introduction  of  a  control  resistor.  This  ar- 
i.ingement  is  embodied  in  the  well  known  "HL"  con- 
irnl,  where  only  two  train  line  wires  are  subjected  to 
full  trolley  potential  when  the  control  is  operated.  The 
(-tliei-  train  line  wires  are  subjected  to  about  one-fifth 
ol  the  trolley  voltage,  because  the  valve  magnet  coils 
.ire  Cdimected  across  shunt  taps  of  a  resistor  that  is 
energized  directly  from  the  line  potential  train  line 
wire.  Typical  HL  connections  are  shown  schematic- 
alh'  in  Fi?.  6. 


FIG.    5 — CROS.S-SECTION    OF    A    TYPICAL    SWITCH    GROUP 
FOR     .Mri.TlrLE-rNlT    CONTROL 

because  of  the  inherently  inefticient  and  complicated  de- 
^■.gn  of  small  alternating-current  magnets    for  control- 
ling the  operation  of  the  main  niotcjr  switches  and  asso- 
ciated apparatus.     When  a  storage  batter}'  is  used,  it  is 
charged  from  a  small  motor-generator  set.     The  batters- 
could  possibly  be  omitted  and  the  motor-generator  set 
used  entirely,  but  in  most  cases  the  additional  cost  of 
the  battery  is  more  than  balanced  by  the  advantages  of 
having    control    energy    always    a\'ailable.     ( )ne 
particular  advantage  is  in  the  ease  of  controlling 
the       siiring-raised,       air-lowered       pantagraph 
trolle}'s  of  a  multiple-unit  train.      If  a  battery  is 
used,    the     valve    magne's    controlling    the    air 
cylinders  that  unlock  or  lower  the  trolley  can  be 
energized    on    all    cars    smiultaneoush-    anrl    all 
trolleys  of  the  tr;iin  unlocked  or  lowered  at  the 
same   time.     Without    the   battery,   no   power   is 
available    from    the    line    when    all    trolleys    are 
down  and  consequently  an  awkward  and  incon- 
venient  method   of    trolle\    control    is    required. 
The  trolleys  on  the  head  car  of  the  train  must  be 
controlled    independent    of    those    on    the    other 
cars  so  as  to   furnish   power   from   the  line   for 
energizing  the  control  circuits  to  the  trolleys  on 
the   rear  cars.     This  requires  extra  work  to  be 
done    every    time    the    trolleys    are    raised   or 
lowered  throughout  the  train. 

Operating  conditions  that  require  auxiliaries,  such 
;',s  pantagraph  trolleys,  emergency  lights,  signals,  elec- 
tro])neumatic  brakes  and  similar  apparatus,  to  be  oper- 


In  heavy  duty  multiple-unit  train  operation,  the 
control  of  auxiliaries  frequently  assumes  an  importance 
cijual   to  the  control  of  the  motors.     Examples  of  this 
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FIG.    6 — TYPICAL    SCHEMATIC    DIAGRAM    OF    HL    TYPE 
MULTIPLE-U.N'IT    CONTROL 

arc  electro])neumatic  air  brakes  or  electropneumatically 
operated  car  doors.  The  latter  is  a  recent  development 
but,  like  the  air  brakes,  it  directly  concerns  the  safel\- 


ated  at  all  times,  regardless  of  line  voltage,  are  confined  of  ihe  passengers  on  trains,  especially  in  subway  ser- 

largely  to  elevated  or  subway  lines  and  to  steam  rail-  vice.     Every  measure  taken  to  increase  the  reliability  of 

load    electrifications.     Storage   battery   control    is   best  each  link  of  all  the  control  circuits  throughout  llie  train 

adapted  to  this  service.     On  city  and  interurban  lines  is  a  step  towards  increased  safetv  and  efficiencv.     The 
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control  train  line  receptacles  and  jumper  thai  extend 
the  control  circuits  from  car  to  car  present  opportuni- 
ties   for    improvement.     The    difficulty    in    obtaining    a 


the  necessity  for  simplifying  the  connections  between 
cars,  have  been  factors  leading  to  the  development  of 
\arious  kinds  of  automatic  couplers,  .so  that  the  opera- 
lion  of  coupling  cars  also  makes  the  connections  for 
ihe  air  lines  and  the  control  and  signal  circuits.  It  is 
interesting  to  note  that  the  use  of  the  automatic  coupler, 
together  with  unit  switch  magnet  valves  requiring  small 
power  for  operation,  has  made  possible  the  operation 
(jf  lO  car  multiple-unit  trains. 

So  far  as  multiple  train  oi)eration  is  concerned,  the 
physical  structures  of  the  road,  such  as  station  plat- 
forms, will  more  likely  limit  the  ultimate  length  of 
trains  than  the  train  control  apparatus.  And  when  it 
i  •  remembered  that  the  adaptability  of  the  multiple- 
unit  control  permits  train  operation  in  all  classes  of 
service,  from  street  railways  to  steam  road  electrifica- 
receptacle  and  jumper  locking  device  suitable  for  all  tions,  one  can  readily  understand,  why  the  multiple-unit 
clas.ses  of  train  service,  and  the  increasing  number  of  car  is  the  ideal  tran.sportation  unit  for  handling  passen- 
auxiliaries    rccpiiring   train    line    circuits,    together   wth      ger  traffic. 


FIG.     7 .\UTOM.^TH;     LOUPLtK    ON     THE    I)K.\\V]1AU 

MULTIPLE-UNIT    CAR 


Q.  W.  HERSHEY 

For  the  data  and  statenicnts  contained  herein,  the  anther  acknowledges  the  assistance  and  approval  of 
Mr.  R.  C.  Thurston,  Supervisor  of  Electric  Service,  bj'  whom  they  were  snpphed. 


ONI",  UF  the  principal  northern  feeders  of  the 
Erie  Railroad  system,  with  Rochester,  N.  Y.,  as 
the  terminal  city,  makes  connection  with  the 
main  line  at  Corning,  N.  Y.  At  Avon,  a  point  on  this 
line  eighteen  miles  south  of  Rochester,  there  radiate 
two  additional  intersecting  lines,  one  west  through 
LeRoy  and  Batavia  to  BufTalo,  N.  Y.,  and  the  other 
southerly  through  the  Genessee  Valley  to  Mount 
Morris,  N.  Y.  This  southern  branch,  from  an  operat- 
ing standpoint,  combines  with  the  section  from 
Rochester  to  Avon  to  form  a  straight  north  and  south 
route  line  traversing  the  valley  between  Rochester  and 
Mount  Morris,  a  distance  of  37  miles. 

Prior  to  1907  service  was  supplied  between 
Rochester  and  Mount  Morris  and  the  villages  lying 
between,  chief  of  which  are  Avon  and  Geneseo,  by  in- 
frequent steam  service.  The  Genessee  \'alley  is  one 
of  the  famed  beautiful,  rich,  agricultural  valleys  of  the 
country  with  Mount  Morris,  an  industrial  town,  at  its 
head  and  Rochester  at  its  foot  on  Lake  Ontario.  The 
activities  of  the  valley  were  largely  agricultural,  along 
with  those  of  a  growing  suburban  residential  district. 
Also  various  small  industries  were  located  in  the 
villages  enroute.  The  railroad  service  through  these 
communities,  between  Rochester  and  Mount  Morris, 
while  fair,  was  not  wholly  satisfactor>' — a  more  up  to 
date   and   desirable   transportation    service   was   looked 


forward  to  by  these  communities,  particularly  with  re- 
spect to  passenger  and  express  conveniences. 

A  few  years  previous  to  this  time  the  Niagara, 
Lockport  &  Ontario  Power  Company  had  built  a  trans- 
mission line  eastward  from  Niagara  Falls  across  the 
."rotate  of  New  York,  following  the  cities  lying  adjacent 
to  the  route  of  the  old  Erie  Canal,  the  terminus  of 
ib.is  transmission  line  being  Syracuse,  N.  Y.  Tlii^ 
transmission  line  crosses  the  line  of  the  Erie  Railroad 
some  miles  south  of  Rochester.  This  development, 
giving  to  the  community  the  prospect  of  abundant  and 
cheap  electric  power,  lent  impetus  to  the  demand  for  a 
higher  development  of  the  transiiorlalion  facilities  of 
the  valley. 

With  electric  power  readily  available,  and  the  suc- 
cess of  electrified  operation  having  been  demonstrated 
at  numerous  other  points  over  the  country,  the  official-^ 
of  the  Erie  Railroad  were  not  tardy  in  perceiving  the 
natural  advantages  which  the  transmission  of  Niagara 
power  across  their  lines  offered  them  as  an  instrument 
to  he  used  in  any  proposed  scheme  of  betterment  of 
their  service  to  the  inhabitants  of  the  Genessee  Valley. 
Consequently,  it  was  not  a  difficult  decision  with  them 
as  t3  what  should  be  done  in  solving  the  problem  of 
the  improvement  of  their  service.  The  decision  to 
electrify  a  part  of  their  system  vas  made  without  hesi- 
tancy.    It     was     determined     that     this     improvement 
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should  be  first  applied  to  the  thirty-seven  mile  section 
of  road  in  the  Genessee  Valley,  between  Rochester  and 

Mount  Morris. 

SYSTEM    OF    ELECTRIFICATION 

The  Niagara  power  transmission  line  carries 
three-phase,  twenty-live  cycle,  60000  volt  power.  Suc- 
cessful railroad  installations  at  other  points  had  been 
carried  out  by  the  use  of  direct  current  on  trolley  wire 
or  third  rail,  in  somewhat  simihr  service  to  that  which 
the  Erie  proposed  to  apply  to  this  district.  At  other 
points,  such  as  on  the  New  York,  New  Haven  &  Hart- 
ford Railroad,  and  the  Boston  &  Maine,  single-phase, 
II  CKXHvolt  power  on  the  trolley  wire  was  in  successful 
operation.  At  the  time  this  installation  was  contem- 
plated, had  the  direct-current  system  been  selected,  a 
very  expensive  system  of  power  conversion  by  the  use 
of  power  transformers  and  rotating  converting  appara- 
tus would  have  been  necessary,  with  the  accompanying 
attendance  expenses  and  costly  feeder  systems  to  give 
reasonable  efficiency  of  deliveiy  of  power  to  all  points 


THE   EQUIPMENT  INSTALLED   IN    THE   ELECTRIFICATION 

Much  of  the  traffic  originating  in  the  terminus  at 
Rochester  goes  through  to  Corning,  the  intersecting 
point  of  the  main  line.  From  Avon  to  Corning  it  is 
liandled  by  steam.  Traffic  coming  from  the  south  and 
the  west  through  to  Rochester,  would  of  course  come 
by  steam  to  the  proposed  electrified  section  at  the  Avon 
intersection.  Some  of  the  service  from  Rochester  west 
to  Buttalo  runs  through  as  full  steam  trains  made  up  at 
Rochester,  passing  through  the  intersection  at  Avon. 
As  it  was  desirable  to  maintain  some  of  the  service 
v.'ithout  the  necessity  of  breaking  trains  and  crews  at 
the  Avon  intersection,  the  system  of  electrification 
should  permit  the  use  of  both  steam  and  electric  ser- 
vice, the  steam  service  being  continued  most  largely  in 
the  through  train  service,  both  east  and  west,  between 
Rochester  and  these  points.  It  was  desirable  that  the 
local  passenger  and  express  services  between  Rochester 
and  Mount  Morris  be  most  improved.  Accordingly, 
it   was   decided   that   the   character  of   equipment   best 


FIG.    I — SIX   CAR  TSAIN  CROSSING   THE  GENESSEE  RIVER 

Enroute  from  Rochester  to  Avon  on  the  electrified  section  of  the  Erie  Railroad.  Tin's  train  is  made  up  of  two 
combination  baggage  and  passenger  motor  cars  in  front,  pulling  one  mail,  one  express  and  two  passenger  trailers.  Trains 
of  as  many  as  ten  cars  are  sometimes  operated. 

suited  for  this  improvement  would  consist  of  motor 
passenger  cars,  motor  express  cars,  and  some  combi- 
nation passenger  and  express  ntotor  cars.  Four 
passenger  cars  each  seating  fifty-si.x  passengers  and 
weighing  96  000  lbs.,   two   combination  passenger  and 


along  the  trolley  line,  together  with  rather  high  power 
losses.  After  a  careful  study  of  this  proposed  installa- 
tion, it  was  found  that  a  single-phase  electrification 
would  require  only  a  simple  installation  of  two  trans- 
formers, arranged  to  convert  from  three-phase,  twenty- 
five  cycles,  sixty  thousand  volts  to  two-phase,  eleven  express  cars  each  weighing  96000  lbs.,  one  e.xpress  car 
thousand  volts,  with  a  simple  transformer  station  not  weighing  117  000  lbs.,  and  one  straight  passenger  car 
requiring  manual  attendance.  This  station  could  be  weighing  117  000  lbs.,  were  selected  and  are  now  in 
located  near  the  center  of  the  electrified  section  of  the  service. 

road,  and  the_  trolley  wire  arranged  so  that  one  phase  No  mountain  grade  considerations,  in  which  elec- 

would  feed  the  northern  end  of  the  line,  and  the  other  trification  applies  so  favorably,  were  present  to  compel 

phase  the  southern  end.     With  the  most  simple  type  of  adoption  here.     The  electrified  section  of  the  road  is 

single  overhead  trolley,  of  the  catenary  suspension  type  relatively   a   flat   profile.     The    service    was    such    that 

on   wooden   poles,   and   without   any   additional    feeder  quadruple  motor  equipments  of  100  hp  admirably  ful- 

clher  than  the  trolley  and  messenger  wires,   sufficient  filled  all  requirements.     With  each  car  equipped  with 

current  would  be  available  on  any  part  of  the  line  for  four  motors  and  multiple  type  control,  not  only  could 

any    service    which    this    community    would    need    for  very   excellent    single   car   operation   be   provided,   but 

many  years  to  come,  even  though  the  traffic  vastly  in-  there  was  sufficient  margin   of  capacity  in  the  motor 

creased.     It   was,   therefore,    decided   that    the    single-  cciuipment  that  train  operation  could  be  provided  with 

phase  system,  with  its  attendant  low  power  losses,  high  all   motor  cars  or  with  motor  cars  and  trailers,  using 

efficiency  and  reliability  should  be  adopted.  the  motor  car  equipment  as  combination  traffic  vehicles. 
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and    locomotives,    as    convenience    and    necessity    de- 
manded. 

THE    SUBSTATION 

The  substation  to  provide  trolley  current  is  of  the 
most  simple  character.  As  the  power  is  received  t^ree- 
I'hase,  twenty-five  cycle,  60000  volts,  and  is  to  be 
changed  to  single-phase,  twenty-five  cycles,  1 1  000 
volts,  it  is  only  necessary  to  have  transformers  with 
their  switching  and  protective  equipment.  I'or  the 
main  conversion,  two  750  kv-a  transformers  are  used 
along  with  the  usual  lightning  arrester  equipment. 
'l"hc  high  tension  switching  is  very  simple,  consisting 
of  three  fused,  high-tension  stick  switches.  While 
this  form  of  switch  was  designed  nearly  twenty  years 
ago,  its  use  in  this  service  has  been  most  satisfactory. 
In  fact,  there  never  has  been  any  trouble  with  it,  and 
for  operating  conditions  found  here  there  would 
hardly  seem  any  reason  for  substitution  of  the  more 
complex  and  expensive  oil  circuit  breakers.  The  low- 
tension  switching  has  likewise  been  uniformly  relialile 
and    satisfactory.      The    substation    operates    without 


FIG.    2 — ROCHESTER — MT.    MORRIS    ELECTRIFIED 
SECTION     or     THE     ERIE     R.\ILRO.\D 

constant  niamial  attention.  It  is  given  daily  inspection, 
which  consumes  but  a  few  minutes,  but  the  successful 
f)peration  is  largely  contributed  to  by  the  fact  that  there 
is  a  vigilant  endejfvor  always  to  keep  everything  in  fit 
condition.  Contacts  are  kept  properly  trimmed  up;  oil 
clean  and  dry;  joints,  hinges,  toggles,  triggers,  etc., 
v>ell  lubricated,  and  everything  regularly  cleaned. 
Attendance  and  maintenance  costs  of  the  station 
ecpiipment  are  practically  nil.  There  never  have  been 
any  so-called  station  troubles. 

The  trolley  construction  was  put  up  for  use  with 
the  sliding  pantagraph  type  of  current  collector.  The 
overhead  trolley  was  installed  with  wood  pole  construc- 
tion and  angle-iron  side-bracket  arms.  The  trolley  is 
No.  3/0  hard  drawn  copper  wire,  hung  22  feet  above 
the  track  from  a  7/16  inch  steel  messenger,  with 
hangers  ten  feet  apart.  The  wood  poles  are  spaced  120 
feet  apart.  At  the  time  this  installation  was  made, 
overhead  trolley  construction  was  still  somewhat  in  the 
experimental  stage,  particularly  that  of  the  catenary 
type  of  suspension.  The  hangers  between  the  messen- 
ger and  the  trolley  wire,  were  made  up  for  rigid  fasten- 


ing at  both  the  point  attaching  to  the  messenger  and 
that  attaching  to  the  trolley  wire.  As  a  consequence, 
it  was  found  that  at  certain  points  along  the  trolley 
wire  this  construction  did  not  give  sufficient  flexibility 
to  avoid  hard  spots  and  knocking.  Consequently, 
crystallization  took  place  at  these  points.  To  over- 
come this,  about  four  years  ago  a  supplementary  solid 
steel  wire  was  strung  two  inches  beneath  the  trolley 
wire,  with  spacers  alternating  midway  between  the 
hangers  supporting  the  trolley  wire  to  the  messenger. 
This  was  done  for  the  purpose  of  giving  additional 
flexibility,  vertically,  to  the  trolley  wire  rather  than 
from  any  consideration  of  greater  conductivity. 

The  supplementar}'  steel  wire  has  given  perfect 
satisfaction  in  curing  the  fault  for  which  it  was  in- 
stalled, but  experience  indicates  that  the  material  in  this 
wire  should  be  something  other  than  steel.  Steel 
rusts  very  rapidly,  which  causes  such  rapid  deteriora- 
tion that  the  wire  will  probably  have  to  be  changed 
after  approximately  five  years  use.  It  has  been  sug- 
gested that  phonoelectric  wire  or  some  similar  material 
would  eliminate  this  trouble. 

Both  rails  are  bonded  with  No.  3/0  compressed 
terminal  bontls.  Cross  bonds  are  provided  about 
every  one-quarter  mile. 

OPKRATION 

A  very  material  change  in  the  frequency  of  passen- 
ger train  service  has  been  brought,  about  through  the 
institution  of  electrified  operation.  While  occasionally 
some  of  the  trains  are  run  as  single  cars,  it  is  a  regular 
feature  of  operation  that  early  morning  trains  out  of 
Rochester  are  made  vip  of  two  motored  combination 
passenger  and  express  cars  used,  as  it  were,  as  loco- 
motives, hauling  two  mail  and  baggage  coaches  and 
two  standard  trailer  passenger  coaches.  This  particu- 
lar six-car  train  runs  through  to  the  Avon  intersect- 
ing point,  where  total  steam  service  begins,  enroute  to 
Corning.  This  early  morning  train  is  scheduled 
through  to  Corning,  but  certain  cars  later  go  on  to 
Mount  Morris.  It  is  broken  at  Avon,  the  trailer 
passenger  coaches  going  on  to  Corning  as  a  steam  train 
made  up  at  this  point.  The  motor  coaches  are  later 
token  on  to  Mount  Morris  by  another  crew.  It  is  a 
noteworthy  feature,  deserving  particular  attention,  that 
the  full  train  crew  which  brings  the  electric  train  from 
Rochester  to  Avon  goes  on  to  Corning.  The  electric 
motor  crew  steps  off  the  electric  motors  onto  the  steam 
engine,  which  they  take  out  from  this  point.  The  same 
holds  true  in  the  return  operation  later  in  the  day,  when 
the  crew  coming  in  from  Corning  to  Avon  on  a  steam 
engine  change  from  the  engine  onto  the  electric  motors 
by  which  they  take  the  train  rn  to  the  terminal  at 
Rochester.  Such  operation,  which  has  proved  ab- 
solutely satisfactory,  bespeaks  great  commendation  for 
the  simplicity  and  similarity  of  electric  to  steam  con- 
trol, as  well  as  the  better  quality  of  enginemen  talent. 

From  Alarch  i,  1919  to  March  i.  1920,  a  total 
of  312539  motor  miles  were  operated  with  254729  ad- 
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ditional  trailer  miles.  It  is  significant  that  during  the 
past  thirteen  years  of  operation,  no  general  tie-up  of 
the  railroad  existed  at  any  time  from  storm  conditions, 
with  the  exception  of  one  last  year.  At  that  time,  the 
intersecting  steam  branches  were  tied  up  by  snow  for 
from  ten  hours  to  three  days,  while  the  electrified  op- 
eration between  Rochester  and  Mount  Morris  was  de- 
layed only  four  hours  and,  as  stated,  this  was  the  first 
tie-up  amounting  to  any  hours  during  the  whole  history 
of  the  electrified  operation  of  the  road.  With  the  ten 
cars  in  trailer  service  the  monthly  average  maximum 
one-minute  peak  loads  drawn  from  the  power  company 
equal  something  less  than  1350  kw.  The  operation  of 
the  system,  including  station  lighting,  car  heating,  and 
repair  shops,  is  carried  on  with  a  ton-mile  power  pur- 
chase of  79  watts. 

RECORDS  OF  EQUIPMENT 

All  equipment  is  maintained  and  all  work  done, 
with  the  exception  of  machine  work  alone,  which  is 
done  in  the  steam  shop  adjacent  to  the  electric  repair 
shop,  with  a  force  of  five  electricians,  one  laborer  and 
one  carpenter.  The  carpenter  spends  about  one-fourth 
of  his  time  on  electric  work  and  the  other  three-fourths 
on  work  in  connection  with  steam  equipment.  This 
crew  not  only  takes  care  of  all  maintenance  of  equip- 
ment and  inspection,  but  in  addition  takes  care  of  all 
line  maintenance,  as  well  as  any  work  required  in  con- 
nection with  substation  maintenance.  This  mainten- 
ance force  is  paid  standard  steam  classification  rates. 
Inspection  of  motor  equipment  'S  made  about  every  800 
miles,  as  cars  normally  come  to  the  inspection  house. 
Cars  are  operated  in  regular  rotation  to  obtain  a  car 
about  every  three  days.  The  operation  of  the  motor 
■equipment  has  been  uniformly  satisfactory.  Most  of 
the  repairs  are  occasioned  by  burnouts  from  lightning 
or  overloading,  but  these  normally  are  of  infrequent 
occurrence.  The  commutators  average  from  75  000  to 
90000  miles  between  turnings;  gears  around  300000 
miles;  pinions  around  150000  miles;  brushes  around 
J 0000  miles;  pantagraph  shoes  make  about  10 000 
miles  between  changes.  The  change  required  is  merely 
that  of  replacing  a  plain  one-eighth  inch  galvanized 
steel  shoe  without  wearing  strips ;  these  cost  at  present 
about  $2.50  each.  The  pantagraphs  are  lubricated  with 
"used"  gear  grease  about  every  800  miles,  when  the 
cars  come  into  the  inspection  shed.  The  pantagraphs 
have  operated  with  uniform  reliability.  The  total  cost 
of  power  and  maintenance  of  equipment,  including  the 
maintenance  of  overhead  trolley  and  structures,  aver- 
ages about  10.4  cents  per  car-mile. 

The  shop  capacity  is  for  four  cars.  Except  for 
light  tools,  the  only  facility  required  in  the  shop  is  a 
chain  hoist.  There  are  carried  in  the  maintenance 
stock  room,  along  with  minor  details  of  control,  trolley, 
insulation,   switch   contacts,  etc.,    four  spare  armatures 


and  two  spare  fields.  The  total  value  of  spare  part 
material  averages  around  $2500.  There  is  one  spare 
main  transformer  in  the  substation. 

INTERESTING  RESULTS 

The  system  is  exceedingly  simple.  It  involves 
minimum  costs  on  account  of  this  simplicity,  both  as 
to  first  cost  and  that  of  operation,  attendance,  etc.  Its 
operation  has  been  thoroughly  reliable  and  exceedingly 
satisfactory,  not  only  to  the  railroad  company  but  to 
the  public  served.  This  latter  is  j-ecognized  by  fre- 
quent statements  of  the  traveling  public,  when  coming 
in  from  the  steam  intersecting  trains,  by  their  state- 
ments "We  will  go  in  over  the  electrified  section  on 
time".  Others  who  commute  to  the  City  of  Rochester 
have  stated  that,  in  all  of  the  vears  in  their  travel  on 
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the  Erie,  they  have  never  been  late  to  work  on  account 
of  the  electric  trains.  It  is  significant,  furthermore, 
that  within  one  year  after  the  opening  of  electrified 
operation,  the  traffic  increased  100  percent  over  what 
had  been  the  previous  traffic  under  steam.  The  com- 
munity's growth  has  been  stimulated  and  likewise  the 
community's  traveling  activities  much  increased. 

References  from  the  patrons  to  the  desirability  of 
living  in  the  community  are  almost  invariably  supple- 
mented by  reference  to  the  fact  that  the  community  be- 
tween Rochester  and  Mount  Morris  has  electrified  ser- 
vice on  the  Erie  Railroad.  Taking  it  all  in  all,  the  en- 
gineers of  the  Erie  Railroad  are  well  satisfied  with  the 
reliabilit)'  and  satisfactory  operation  of  the  electrified 
section  during  the  past  thirteen  years,  as  likewise  are 
the  officials,  from  the  operating  and  income  standpoint. 
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H.  R.  MEYER 

Railway  Equipment  Engineering  Dept., 
Wcstinghouse  Electric  &  Ml'g.  Company 

PERHAPS  in  no  way  arc  the  unusual  conditions  now  confronting  the  railway  operating  companies 
more  clearly  indicated  than  by  the  radical  departure  from  customs  adopted  by  The  Cleveland  Intcrurban 
Railway  Company  in  mounting  control  apparatus.  A  careful  analysis  of  the  conditions  surrounding  the 
maintenance  of  equipment,  first  cost  and  reliability  of  operation,  together  with  the  multiple  car  operating 
features,  was  the  basis  on  which  the  use  of  this  type  of  control  was  determined. 


Till".  CONTINUING  success  of  the  ordinary 
chum-type  platform  controller  Ls  due  un- 
doubtedly, to  the  unusual  conditions  under  which 
lailway  companies  are  forced  to  operate.  There  is  no 
question  but  that  this  type  of  control  is  enjoying  a 
'comeback"  possible  only  on  account  of  the  high  cost 
of  material,  cost  of  installation  and  inability  to  obtain 
?nd  keep  the  proper  type  of  maintenance  force. 

It  has  become  imperative  with  some  companies  to 
disregard  the  advantages  to  be  gained  with  train  opera- 
tion where  the  platform  controller  is  practically  use- 
less. This  is  due,  not  so  much  to  an  inherent  inability 
to  understand  and   realize  the  possibilities,  but   to   the 


nieiUs  are  worked  up  to  the  ma.ximum  capacity,  it  is 
\iot  so  frequently  the  exception. 

The  importance  of  the  operation  of  trains  during 
rush-hours  is  clearly  illustrated  by  the  schemes  em- 
ployed by  various  operating  companies  to  obtain  it. 
However,  on  analysis,  all  of  these  schemes,  have  been 
worked  out  w-ith  the  idea  of  securing  the  combination 
of  eciuipments  which  will  give  the  desired  result  with 
:i  minimum  expenditure  of  money.  For  this  reason,  the 
platform  controller  has  been  considered  from  all  angles 
as  one  means  of  obtaining  the  simplest  type  of  train 
control,  using  motors  on  all  cars.  Two  schemes  using 
this  type  of  controller  have  been  tried  out  with  par- 
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lack  of  funds  to  obtain  them.  As  a  consequence,  a 
great  number  of  operators  who  are  blessed  with  "peak" 
traffic  conditions  are-  finding  it  difficult  to  provide  the 
necessaiy  equipment.  In  many  cases,  it  has  been  nec- 
essary to  resort  to  the  use  of  trailer  operation,  where 
the  leading  car  only  is  equipped  with  motive  power. 
This  form  of  operation  has  proven  satisfactory  where 
the  motor  (:ars  have  been  originally  designed  for  such 
service.  However,  a  large  percentage  of  trailer  opera- 
lion  is  obtained  at  the  detriment  of  the  ec|uipnient 
on  the  motor  car.  It  is  possible  that  these  et|uipments 
are  just  about  capable  of  handling  the  service,  but  any 
unusual  condition,  such  as  the  cutting  out  of  a  motor  or 
a  pair  of  motors,  overloads  the  remaining  motors  to 
such  an  extent  that  the  two  cars  must  be  cut  out  of 
service  or  a  burned-out  motor  may  be  the  result.  Of 
course,  the  cutting  out  of  a  motor,  or  a  pair  of  motors, 
is  the  exception  rather  than  the  rule;  but  where  equif>- 
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tial  success,  but  the  indications  do  not  point  to  a  wide- 
spread use  of  this  form  of  control.  In  one  of  these 
two  systems,  two  slightly  different  platform  controllers 
are  used  with  power  wires  carried  between  the  cars. 
The  other  system  employs  a  separate  remote-controlled 
magnetically-operated  reverser,  having  both  control  and 
power  circuits  carried  between  cars. 

With  both  of  these  schemes  of  control,  only  two 
cars  have  been  operated  in  train  commercially,  up  to  the 
present  time.  This  is  primarily  due  to  inherent  compli- 
cations in  the  power  circtiits  between  cars.  One  of  the 
main  disadvantages  of  this  form  of  control  is  found 
in  connection  with  the  coupling  of  cars.  The  power 
circuit  connections  between  cars  are  cumbersome,  and 
the  trailing  motor  car  must  always  be  connected  with  a 
leading  motor  car.  If  either  of  the  above-mentioned 
systems  is  used,  coupling  of  cars  into  trains  is  limited 
to  definite  units. 
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All  attempts  to  obtain  a  control  for  train  operation, 
based  on  modifications  of  the  platform  controller,  have 
been  caused  by  the  relatively  higher  cost  of  the  present 
standard  forms  of  multiple-unit  control.  The  Cleve- 
land Interurban  Railways  Company,  however,  not  being 
satisfied  with  the  showing  made  by  various  freak 
equipments,  and  being  forced  to  go  further  by 
future   service   demands   of   three   or   more   cars    in   a 


FIG.    3 — MAIN    AND    CONTROL    CIRCUIT     SCHEMATIC    DIACRAM 

Cut-out  switches  a,  b,  c,  d  and  c  are  connected  to  So.  i  handl 
)Ut  switches  /,  g,  h,  j  and  k  are  connected  to  A'o.  2  handle.  Leads  A 
3i,   C,   Ci,  D    and    Di    must    have    the  same    resistance. 


train,  made  a  complete  study  of  the  whole 
situation.  Various  methods  of  apparatus  mounting 
were  considered  along  with  the  types  of  de- 
tail apparatus  available.  Plans  were  made  up  showing 
these  mountings  with  an  analysis  of  the  total  costs  in- 
volved. It  was  found  that,  by  mounting  practically  all 
of  the  apparatus  on  the  platfoi'm  of  the  car  in  a  spe- 
cially constructed  case,  a  control  could  be  built  whose 
cost  would  not  greatly  exceed  that  of  the  modified  plat- 
form controller.  This  type  of  control  would  also  re- 
tain all  of  the  advantages  of  the  standard  multiple-unit 
control.  In  fact,  as  far  as  the  operation  is  concerned, 
it  is  exactly  the  same  as  the  standard. 

The  cars  on  which  this  control  is  used,  as  shown  in 
Figs.  I  and  2  are  of  the  center-entrance  low-floor  type. 
Operation  is  single-end,  with  the  platform  shut  ofif  from 
the  passenger  compartment  by  a  bulkhead  placed 
diagonally  to  give  increased  space  for  the  control 
cabinet.  The  motive  power  consists  of  four  50  hp, 
field-tapped,  outside  hung  motors.  Their  operation  is 
made  especially  quiet  by  the  \\?,e  of  helical  gears. 

All  of  the  main  parts  of  the  control,  except  the  line 
switch,  control  resistor  and  main  grid  resistance,  are 
mounted  on  a  structural  steel  frame  which,  in  turn,  is 
fastened  to  steel  supports  by  insulated  bolts.  The  line 
switch,  control  resistor  and  grid  resistor  are  mounted 
underneath  the  car  floor.     The  frame  work,  with  the 


control  apparatus  mounted  thereon,  is  enclosed  by  a 
wood  cabinet  finished  to  match  the  rest  of  the  wood- 
work of  the  car  proper.  The  cabinet  or  control  housing 
i-  mounted  on  the  platform  of  the  car  on  the  left-hand 
side.  It  extends  from  the  floor  to  the  canopy  and, 
ril though  not  arranged  so  now,  can  be  ventilated  through 
the  roof  for  the  escape  of  gases  caused  by  the  opening 
i,f  the  unit  switches.  One  of  the  most  important  con- 
siderations in  the  selection  of  the  types 
of  equipment  to  be  adopted,  outside  of 
the  space  factor,  was  that  of  mainten- 
ance. With  the  exception  of  the  line 
switches,  grid  resistor  and  the  control 
resistor,  all  apparatus  is  inspected  and 
repaired  under  exceptionally  comfort- 
able conditions  from  the  workman's 
view  point,  as  all  parts  of  the  apparatus 
in  the  cabinet  are  accessible  to  the  in- 
spectors while  standing  or  sitting  in  a 
normal  position.  As  a  result,  the  work- 
is  done  very  efficiently  as  regards  thor- 
oughness and  speed.  All  minor  repairs 
can  be  made  under  exceptional  working 
conditions  and,  as  the  whole  is  made  up 
of  unit  parts  each  of  which  can  be 
quickly  and  easilv  removed,  spare  units 
can  readily  be  installed  while  bench  work 
is  being  done  on  damaged  units. 

The  system  of  control  used  is  of  the 
electropneumatic  unit-switch  type, 
wherein  individual  unit  switches  (each 
in  itself)  are  used  to  obtain  the  various 
notches.  The  method  of  operation  of  this  control,  to- 
gether with  the  motors  used,  indicates  the  source  of 
the  name  applied,  that  is,  "HLF"  which  means,  acceler- 
;:tion  is  obtained  by  hand  notching,  power  for  the  con- 
trol is  obtained  from  the  line  and  the  motors  have  field 
taps.  Five  notches  in  series  and  five  notches  in  parallel 
are  used.  The  short  field  connection  is  obtained  only 
on  the  last  parallel  position. 

DIAGR.MI  OF  CONNF.CTIONS 

The  scheme  of  main  circuit  connections  is  shown 
m  Fig.  3.     With  these  connections,  a  minimum  number 
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FIG    .4 — ri.AN    VIEW    OF    CAR    FLOOR 

of  switches  are  required  to  obtain  tapped  field  opera- 
tion of  the  motors.  The  sec|uence  in  which  the  switches 
are  operated,  and,  hence,  the  method  of  securing  the 
various  notches,  is  indicated  in  Fig.  3. 

CAR  WIRING 

The  arrangement  of  connections  to  the  apparatus, 
including  the  motors,  is  similar  to  any  other  multiple- 
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unit  control,  except  that  the  main  circuits  to  the  field 
taps  and  the  end  of  the  field  have  permanent  connect 
tions.  With  the  field  connections  indicated  in  Fig.  3, 
it  has  been  found  advisable  to  take  precautions,  in  con- 
necting the  field  taps  for  the  short  field  connection,  so 
that  the  vvrong  section  of  the  field  will  not  be  used.  It 
has  also  been  found  necessary  to  make  equal  the  re- 
sistance of  the  interconnections  between  the  motors  con- 
nected together.  This  can  be  accomplished  by  using 
cables  of  the  same  length  and  size,  or  different  size 
cables  of  different  lengths,  but  the  same  resistance. 
Leads,  which  should  have  the  srme  resistance,  are  in- 
dicated in  Fig.  3. 

As  these  equipments  are  single-end,  only  one  con- 
trol junction  box  is  used.  This  junction  box  is  placed 
on  the  floor  of  the  car  in   the  bottom  of  the  control 


FIG.     5 CONTKOI.     KAIR     l-CJI;      \rr\UAII>      Mm     N  M  1.     lA     CAl:lNI-;r 

cabinet.  Connections  to  the  master  controller  train 
line,  which  extends  the  length  of  the  car  and  terminates 
in  intercar  connectors,  and  the  control  rack,  are  made 
directly  from  the  control  junction  box. 

AIR   CONNECTIONS 

Compressed  air  is  taken  directly  from  the  main 
reservoir  through  a  cutout  cock,  strainer  and  check 
valve  to  the  control  reservoir.  From  the  control  reser- 
voir, connections  are  made  to  the  various  pieces  of  ap- 
paratus on  the  control  rack,  with  pipe  insulators  inter- 
posed between  the  various  pieces  of  apparatus.  .\n  ex- 
tra cutout  cock  is  placed  in  the  bottom  of  the  control 
cabinet  for  inspection  purposes.  Connections  between 
the  individual  switches  are  accomplished  by  means  of  a 
coiled  copper  tube  and  gasoline  pipe-line  connectors. 
The  arrangement  is  such  that  any  unit  can  easily  be  re- 
moved for  repair  or  replacement. 


CONTROL    CABINET 

The  housing  for  the  control  apparatus  consists  of  a 
wood  box  frame,  open  at  the  back,  front  and  sides.  All 
sides  of  the  box  frame  are  fitted  with  two  removable 
doors,  one  at  the  top  and  the  other  at  the  bottom.  This 
arrangement    facilitates    inspection    of    the    apparatus 


O— ELIX'I KOI'N Kf M .MIC   V N IT 
SWITCH 

Mounted  in  cabinet. 


Kll..     7 — ilVKkLOAD    TRIl- 

Mounted    in    cabinet. 


from  nil  angles  and  simplifies  repair  work.  The  inside 
surfaces  of  the  box  frame  and  all  doors  are  lined  with 
one-fourth  inch  asbestos  lumber,  for  fire-proofing.  The 
cabinet  is  left  open  at  the  bottom,  as  it  rests  directly  on 
the  llnor.  It  is  located  on  the  left-hand  side  of  the  op- 
erating platform,  as  shown  in  Fig.  4.  Access  to  the 
back  of  the  cabinet  is  obtained  by  removing  a  window, 
uhich  is  specially  constructed  for  that  purpose. 

CONTROL    RACK 

On  a  structural  steel  frame,  intended  for  mounting 
in  the  vertical  position,  are  mounted  the  unit  switches, 
leverser,  overload  trip  and  the  motor  cutout  switches. 
The  grouping  of  the  apparatus  and  the  position  of  each 
individual  piece  is  shown  in  Fig.  5.  The  top  of  the 
frame  is  supported  by  a  bracket  fastened  to  the 
cabinet.     The  frame  is  fastened  to  the  support  hv  two 


FIG.     8 — E^ECTROP^•E':M.^TIC    REVERSER 

Mounted   in   cabinet. 

horizontal,  insulated  bolts.  The  bottom  of  the  frame  is 
supported  by  a  bracket  mounted  on  the  floor  in  the 
cabinet.  The  insulated  bolts  used  to  fasten  the  frame 
to  the  bracket  are  placed  in  a  \ertical  position  so  that 
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the  weight  of  the  outfit  is  supported  by  the  insulators 
?nd  not  by  the  bolt.  As  the  frame  or  rack  is  insulated 
from  the  car  body,  and  as  each  piece  of  apparatus  is 
insulated  from  the  frame,  the  apparatus  has  double  in- 
sulation to  ground. 

UNIT   SWITCHES 

Each  unit  switch  is  complete  in  itself,  ready  for 
mounting  in  position.     It  consists  of  three  essential  ele- 


FIG.    Q — ELECTROPNEUMATIC    IJNE    SWITCH 

Mounted    underneath   car    floor. 

ments, — the  switch  mechanism,  the  cylinder  and  valve 
magnet  details  for  operating  the  switch  mechanism,  and 
the  blowout  coils  and  arc  chutes  to  take  care  of  the  ex- 
pulsion and  confinement  of  the  arc.  As  shown  in  Fig. 
5,  a  vertically  moimted  insulated  base  supports  the  cast 
structure  comprising  the  magnetic  circuit  which,  in 
turn,  supports  the  arc  chute.  The  blowout  coils  are 
wound  on  the  cast  structure.  A  cast  brass  bracket,  also 
mounted  on  the  insulated  base,  carries  the  top  contact 
forming  the  stationary  jaw  of  the  switch.  The  mov- 
ing part  of  the  switch,  carrying  the  lower 
contact  or  moving  jaw,  is  mounted  on  the  piston 
insulator  connected  directly  to  the  piston  rod  of  the 
operating  cylinder  assembly.  The  cylinder  assembly, 
with  magnet  valve,  is  attached  to  the  same  insulating 
base  as  the  other  details  enumerated.  This  construc- 
tion gives  a  very  compact,  light,  rugged  and  efficient 
switch. 

The  arrangement  of  operating  cylinder  and  piston 
is  such  that  the  full  pressure  of  the  piston,  minus  the 


FIG.    10 — CONTROL    RESISTOR 

Mounted  underneath  car  floor, 
pressure   of   the   retrieving   spring,   is   obtained   at   the 
switch  jaws.     With  a  reservoir  pressure  of  70  pounds 
and  a  piston  area  of  3.06  square  inches,  a  total  pressure 
of  214  pounds  is  applied  at  the  piston.     As  the  retriev- 


ing spring  has  a  pressure  of  approximately  65  pounds 
in  its  maximum  position,  the  pressure  at  the  switch 
jaws  is  150  pounds. When  the  reservoir  pressure  falls  as 
low  as  50  pounds,  there  is  still  a  pressure  at  the  switch 
jaws  of  approximately  90  pounds.  This  pressure  at  the 
switch  jaws  assures  a  good  contact  at  all  times,  being 
unaffected  by  drop  in  line  voltage. 

OVERLOAD  TRir.S 

To  protect  the  equipment  against  overloads  and 
short-circuits,  a  series  coil  overload  relay  is  employed. 
This  relay,  Fig.  7,  has  a  series  coil  connected  directly 
in  the  trolley  circuit.  The  coil  is  form-wound,  sup- 
ported by  a  hollow  soft  steel  core,  supported  by  a  three- 
quarter  soft  steel  yoke.  Within  the  hollow  core  is  a 
plunger  rod,  to  the  top  end  of  which  are  fastened  two 
llexibly  supported  contact  discs.  These  discs,  when  the 
plunger  is  in  the  down  position,  make  contact  with 
hngers  arranged  at  the  sides  of  the  discs.  Attached  to 
the  lower  end  of  the  yoke  is  a  trip  lever,,  forming  the 
fourth  quarter  of  the  yoke  which, 
when  an  overload  or  a  short-circuit 
occurs,  is  attracted  to  the  hollow 
core.  Before  the  lever  touches  the 
core,  it  comes  in  contact  with  the 
plunger  which  it  lifts,  disengaging 
the  contact  discs  from  the  fingers, 
thereby  opening  the  connections  be- 
tween the  discs  and  the  fingers.  This 
lever  is  held  in  the  trip  position  by  a 
latch.  After  the  overload  trip  has 
operated,  it  is  reset  by  throwing  the 
handle  of  the  control  and  reset  switch 
to  the  reset  position,  whereby  the  re- 
set coil  circuit  is  energized,  releasing 
the  lever  from  the  latch. 

REVERSER 

To  change  the  direction  of  run- 
ning, a  small  electropneumatic  re- 
verser  is  used.  This  reverser  was 
designed  for  economy  of  space  and 
vicight,  with  especial  attention  to  insulation  between 
contact  positions.  The  general  assembly  is  quite 
similar  to  other  reversers,  except  that  it  is  built  in 
skeleton  form.  Fig.  8  shows  the  details  of  construc- 
tion. 

As  the  fields  of  the  motor  are  of  the  tapped  variety, 
the  armatures  of  the  motors  are  reversed  rather  than 
the  fields.  This  arrangement  has  been  used  to  reduce 
the  total  number  of  unit  switches  required.  The  com- 
[jlete  reverser  weighs  but  35  pounds. 

CUTOUT  SWITCHES 

Ten  single-pole  single-throw  switches  are  arranged 
in  two  combinations  of  five  blades  each.  Both  combi- 
nations are  mounted  on  an  insulated  base  with  the  hinge 
jaws  connected  together.  One  combination  cuts  out 
one  pair  of  motors  and  the  other  combination  cuts  out 
the  other  pair. 


HG       II     —     SCHE- 
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API-AKATl'S    .MOUNTEO    UNDERNi'.ATIl    THE   CAK   FI.OOK 

Line  Switches — As  an  additional  protection  to  the 
equipment,  a  two-unit  line  .switch  is  mounted  under- 
neath the  car  IIdcit  on  the  operating  end  of  the  car. 
The  switches  used  in  this  line  switch  are  the  same  as 
the  units  mounted  in  the  control  cabinet,  so  that  all 
parts  are  interchangeable.  These  two  switches,  how- 
ever, are  enclosed  in  a  sheet  metal,  weather-proof  case. 
The  particular  advantage  of  this  external  line  switch  is 
found  in  connection  with  the  handling  of  short-circuits 
and  heavy  overloads.  An  external  view  of  this  line 
switch  is  shown  in  Fig.  9. 

Control  Resistor — All  control  circuits  are  energized 
at  a  relatively  low  voltage.  As  the  energy  is  obtained 
from  the  trollcx-,  it   is  necessarv  to  use  some  reducintr 


I'lC.     12 — M.\STF,K    CONTKOl.I.KR 

niediuni.  The  simplest  and  cheapest  method  of  ob- 
taining the  required  voltage  is  by  means  of  a  resistor 
properly  designed  to  give  the  best  average  top  voltage 
over  a  wide  range  of  conditions.  The  resistor  shown 
in  Fig.  10  is  known  as  a  heater  type,  as  the  insulation 
is  entirely  of  mica  and  is  sufficient  to  withstand  a  lest 
of  33CHD  volts  alternating-current  for  one  minute.  In 
Fig.  II  is  shown,  schematically,  the  arrangement  of  tajis 
to  obtain  the  required  voltage. 

The  Grid  Resistor  consists  of  four  frames,  each 
made  up  of  25  cast-iron  grids.  All  notches  are  de- 
signed to  give  smooth  acceleration  under  average  con- 
ditions. Liberal  capacity  allowances,  consistent  with 
n'inimum  weight  and  space  factors,  are  u.sed. 

OTHER  DETAILS 

Canopy  Switch — In  addition  to  the  other  main  cir- 
cuit apparatus  enumerated  above,  a  switch  is  placed  in 
the  trolley  circuit  ahead  of  all  other  apparatus  exce|it 


the  fuse,  which  is  mounted  on  the  roof.  It  is  a  car- 
type  circuit  breaker  with  the  tri[)  removed.  For  emer- 
gency cases,  the  operator  can  easily  reach  the  handle  of 
this  switch,  as  it  is  mounted  directly  above  his  head. 

Master  Controller — Only  one  master  controller  is 
used,  as  the  ecpiipments  are   for  single-end  operation. 


IIG.     13 — TRAIN     LINE     RECEPTACLE     AND     JUMPER 

Ii  is  of  the  usual  type  employed  with  multiple-unit  con- 
trol equipments.  Primarily  it  comprises  two  drums, 
mounted  on  sei>arale  shafts,  but  so  interlocked  that  the 
operation  of  one  is  dependent  on  the  other.  The  first 
or  main  operating  drum  has  a  high  and  low-voltage 
section.  The  high-voltage  section  makes  and  breaks 
the  connection  between  the  trolley  and  the  control  re- 
sistor. The  low-voltage  section  controls  the  operation 
of  the  individual  switches.  The  .second  or  reverse 
drum  controls  the  direction  of  lamning.  The  control 
resistor  is  connected  directly  across  the  line  every  time 
the  master  controller  is  thrown  to  the  first  notch,  and 
when  the  master  controller  is  thrown  to  the  off  posi- 


tion, the  resistor  circuit  is  broken.     A  \iew  of  the  con- 
troller is  shown  in  Fig.  12. 

Train  Line  Receptacles  and  Jumpers — The  train 
line,  which  extends  the  entire  length  of  the  car.  and 
which    is    connected    directh'     10    the    control     circuit 
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through  the  control  junction  box,  terminates  at  each  end 
of  the  car  in  a  train  Una  receptacle.  Connection  of  the 
train  line  circuit  between  cars  is  accomplished  by  means 
of  these  receptacles,  Fig.  13,  and  a  jumper  equipped 
with  plugs  which  fit  into  the  receptacles.  A  unique 
method  of  preventing  the  jumper-head  from  pulling  out 
in  service  is  obtained  by  means  of  a  locking  ring,  which 
holds  the  jumper-head  securely  in  place. 

Bus  Line  Receptacle  and  Jumpers — Extra  heavy 
duty  bus  line  receptacles  and  jumper  are  used.  They 
are  capable  of  handling  sufficient  power  for  a  four-car 


train  with  the  trolley  up  on  the  first  car  only.  Both  the 
train  and  the  bus  line  receptacles  are  mounted  on  the 
drawbar.  Fig.  14  shows  the  general  appearance  of  the 
bus  line  receptacles. 

A  number  of  these  equipments  have  been 
operating  since  .\pril,  1920.  The  operation  has 
been  eminently  successful.  The  cars  have  been  oper- 
ated mostly  as  single  units,  e.xcept  for  trains  used  to 
make  tests.  As  the  traffic  becomes  heavier,  it  is  in- 
tended to  run  two  or  more  cars  in  a  train  rather  than 
change  the  head\\;n'  of  the  cars. 


rhi)  ^(aiJli:DilaBco  of  ilailvyay  S^jiilpinmix 


F.  W.  McCLOSKEY 

Railway    Motor    Engineer, 
Westinghouse   Electic  &:   JNIfg.   Company 


IN  CEIvTAIX  respects  the  railway  motor  is  very 
much  like  a  human  being.  The  best  results  are,  as 
a  rule,  obtained  when  it  is  working  under  a  normal 
load  and  under  favorable  working  conditions.  Either 
can  withstand  a  reasonable  overload  at  intervals  with- 
out noticeable  injury  provided  it  is  of  short  duration. 
Neither  can  successfully  stand  continuous  overload 
without  breakdown.  Neither  can  stand  much  of  an 
overload,  even  for  a  short  time,  if  in  a  badly  run  down 
condition.  Hie  success  of  an  individual  is  in  a  very 
large  measure  the  result  of  a  happy  combination  of 
personal  characteristics,  suitable  occupation  and  intelli- 
gent care  of  the  physical  and  nervous  system.  Like- 
wise the  successful  performance  of  the  railway  motor 
is  the  result  of  three  factors,  or  rather  three  groups  of 


everything  in  first  class  shape.  The  motors  entered  the 
severe  winter  with  the  insulation  in  good  condition,  so 
that  it  kept  out  the  moisture  and  dust  and  prevented 
short-circuiting  the  turns  in  the  coils.  The  individual 
wires  had  insulation  with  life  in  it  instead  of  partially 
charred  material  separating  them  from  each  other. 
Even  slightly  charred  insulation  is  a  direct  invitation  to 
leakage  and  short-circuits  under  conditions  of  overload 
or  excessive  moisture.  Leaky  insulation  is  like  a  leaky 
roof;  its  action  is  insidious.  It  has  a  deceptive  way  of 
seeming  to  be  all  right  in  fair  weather.  A  little  mois- 
ture starts  a  very  slight  leakage  of  current.  A  slight 
charring  of  the  insulation  follows  which  increases  the 
leakage  of  current.  Thus  the  trouble  pyramids  at  a 
high  rate  and,  with  a  bad  rain  or  snow  storm,  the  end 


factors,  namely: — i — good  design,  workmanship  and  conies  quickly  and  decisively.  There  is  a  short-circuit 
material:  2 — proper  application  and  operation;  3 — in-  or  a  ground  and  the  car  goes  to  the  barn.  The  worst 
telligent    care    and    maintenance.     When   one    of    these      part  of  this  is  that  the  car  is  laid  up  at  a  time  when  it 


factors  is  missing  there  will  certainly  be  a  lower  effi- 
ciency, a  lower  effort  and  a  lower  accomplishment.  Of 
these  factors,  as  bearing  on  the  performance  of  rail- 
way motors,  the  last  mentioned,  namely,  care  and  main- 
tenance, is  unquestionably  the  most  important. 

While  there  is  a  wealth  of  theory  and  data  that 
demonstrates  the  truth  of  the  above  statements,  cold 
figures  are  often  not  entireh-   convincing.     A  striking 


is  most  needed — when  the  elemenls  are  all  c<jmbining  to 
cripple  the  service.  The  time  for  that  car  to  have  been 
in  the  barn  was  in  the  early  fall  or  summer  when  it 
could  have  been  much  more  readily  spared  for  overhaul 
of  the  equipment. 

The  "stitch  in  time"  {)hilosoi)hy  is  old  almost  as 
time  itself.  It  is  a  trouble  saver  in  very  many  phases 
of  life.     Cut  nowhere  has  it  a  more  important  applica- 


proof,   however,    is    furnished    by    the    experiences    of     tion  than  in  railway  equipment.     This  is  because  the 


many  properties  in  the  Middle  and  Atlantic  States  last 
winter.  Some  properties  suffered  an  absolute  tie-up  of 
traffic  because  of  extraordinary  storms.  Much  of  this 
probably  could  not  have  been  averted,  except  by  the 
fullest  preparation  and  organization  of  snow  fighting 
equipment  and  forces.  There  were,  however,  a  few 
conspicuous  properties  which  came  throu-jh  the 
severest    storms    with    onlv    slight   casualties,   when    all 


operation  of  street  cars  is  essential  under  emergency 
conditions.  In  the  northern  sections  emergencies  come 
in  the  winter  or  spring,  and  there  is  no  way  of  predict- 
ing in  the  fall  what  the  coming  winter  will  be  like. 
Neither  the  height  of  the  wasp-nest  above  the  ground 
nor  the  extent  of  the  sciuirrel's  stores  can  lie  relied  upon 
as  an  indication  of  what  the  railway  equipment  will 
have  to  go  through  during  the  coming  winter.     There 


around  them   there  was  a   general   breakdown   in   ser-  were  many  who  felt  that  the  winter  of  191 7- 18  was  so 

vice.     Very  fortunately,  the  answer  to  this  was  simply  severe  that  it  was  not  likely  to  be  duplicated  for  many 

that  these   particular   properties   had    overhauled    their  years  to  come.     Yet  the  winter  of   191Q-20  surpassed 

equiiinient  the  sumnier  and   fall  previous,  and  had  jiut  that  one  in  severity,  in  many  localities.     It  is  clear  then 
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that  it  is  never  safe  for  the  railway  manager  to  discount 
the  coming  winter  and  slacken  \X[)  on  his  maintenance 
uf  equipment. 

It  is  further  evident  that  maintenance  must  be  on 
a  systematic  basis.  There  is  no  lack  of  methods  of 
keeping  track  of  the  various  parts  of  equipment,  its 
troubles,  maintenance,  overhaul,  etc.  The  great  lack  in 
many  instances  is  a  thorough  appreciation  of  the  need 
of  system.  Wrong  conclusions  as  to  the  cause  of  the 
trouble  are  the  logical  result  of  insufficient  analysis. 
Correct  analysis  can  only  be  made  with  the  entire  truth 
before  Us.  Half  truths  are  at  the  bottom  of  much  ex- 
pensive trouble.  A  striking  example  of  this  occurred 
in  connection  with  armature  trouble  which  was  reported 
on  a  certain  type  of  motor.  A  winding  expert  was 
called  in  to  investigate.  The  case  was  mysterious  from 
the  beginning,  as  the  epidemic  began  very  suddenly  and 
without  any  apparent  cause.  A  systematic  checking  up 
finally  disclosed  the  rather  startling  fact  that  four  of 
the  armatures  had  failed  in  one  particular  frame.  This 
frame  had  been  put  on  a  different  car  each  time  a  new 
armature  was  put  in,  and  had  thus  avoided  detection. 
The  oiifending  frame  was  located  and  it  was  found  to 
have  a  main  field  coil  reversed.  Correction  of  the 
field  was  made  and  the  epidemic  of  armature  trouble 
stojiped  immediately.  It  rec|uired  considerable  detec- 
tive work  to  run  this  down,  all  of  which  would  have 
been  saved  by  a  systematic  checking  up  and  inspection 
cf  the  first  failure.  Even  had  this  been  neglected,  the 
trouble  would  still  have  been  caught  at  the  second 
armature  failure  had  there  been  a  complete  identifica- 
tion and  record  of  the  first  failure.  Probably,  a  studv 
of  this  record  would  have  placed  suspicion  on  this 
frame.  The  particular  system  of  records  to  be  used 
will  vary  with  conditions,  localities  and  personal  char- 
acteristics of  those  in  charge,  but  the  need  of  some 
form  of  reliable  records  is  common  to  all  and  is  the 
thing  that  needs  to  be  emphasized  most  at  the  present 
tunc. 

The  conditions  under  which  maintenance  is 
carried  on  have  an  important  bearing  on  the  results  ob- 
tained. Good  work  in  inspection,  repairs  and  overhaul 
of  equipment  cannot  be  expected  when  overhauling  pits 
and  other  facilities  are  not  in  good  shape.  No  pitman 
can  do  good  work  with  poor  light  or  w-ith  tools  that  are 
worn  out.  Defective  extension  light  coids  are  a  fre- 
quent source  of  annoyance  and  delay.  On  a  certain 
occasion,  the  writer  was  deeply  impressed  hv  the  loss 
of  time  and  efficiency  because  a  pitman  required  35 
minutes  to  find  material  and  make  repair  to  an  exten- 
sion cord.  Considering  that  the  pitman's  useful  time 
was  from  midnight  to  4  o'clock  .\.  M.  this  3^  minutes 
meant  about  15  percent  of  his  total  time  for  that  night. 


spent  on  work  strictly  outside  his  regular  duties  of  in- 
^])ection. 

The  [tils  should  be  kept  reasonably  warm  in  the 
winter.  No  one  can  do  maintenance  work  properly  in 
a  temperature  which  benumbs  the  hands.  The  quality 
of  work  is  poor  because  the  morale  or  spirit  of  the  men 
is  poor.     It  cannot  be  otherwise  under  bad  conditions. 

The  pitman  is  often  condemned  for  faults  that 
crop  out  in  the  equipment  for  which  he  is  really  not  to 
blame.  He  is  sometimes  accused  of  not  keeping  axle 
cap  bolts  tight,  for  example,  when  the  real  fault  lies 
higher  up  and  is  traced  to  defective  or  worn  out 
wrenches  with  which  he  is  supplied.  While  investigat- 
ing maintenance  conditions,  the  writer  has  frequently 
been  impressed  w'ith  the  spirit  of  co-operation  which 
prevails  among  these  men  as  a  class.  They  give  and 
receive  suggestions  in  fine  spirit.  This  spirit  is  an  im- 
portant factor  in  building  up  an  efficient  maintenance 
organization.  We  all  know  that  willingness  to  learn, 
to  co-operate  and  to  put  the  shoulder  to  the  wheel  are 
far  more  valuable  than  knowledge  in  itself.  The 
v,  riter  is  of  the  firm  conviction  that  one  way  of  improv- 
ii:g  the  work  of  the  pitman  is  to  furnish  him  with  the 
proper  facilities  for  handling  his  work.  This  is 
bound  to  raise  the  quality  of  his  work. 

Experience  is  a  harsh  and  expensive  teacher,  but 
there  is  none  more  reliable,  none  which  drives  the 
lesson  home  with  more  force.  There  have  been  many 
lessons  in  the  experience  of  the  last  few  winters,  but 
these  lessons  are  not  new.  In  some  instances,  how- 
ever, the  pupils  are  new.  Perhaps  they  have  to  have  a 
leal  taste  of  trouble  before  they  get  the  relative  values 
of  things  fixed  in  their  minds.  Unless  sometime  you 
skate  near  the  edge,  you  do  not  know  just  where  the 
edge  is,  and  are  liable  to  fall  in  when  least  expecting 
to  do  so. 

The  troubles  that  occurred  last  winter  amounted 
almost  to  a  catastrophe  in  some  communities.  When 
reviewed  close  at  hand,  only  the  appalling  effects  of 
this  are  in  evidence.  Frequently  afterwards,  there 
arises  a  better  structure  or  a  better  organization  which 
will  prevent  a  similar  catastrophe  in  the  future.  There 
are  numerous  hopeful  signs  which  indicate  that  profit 
is  now'  being  taken  from  the  big  investment  in  experi- 
ence in  the  recent  severe  winters — signs  of  a  lively  ap- 
preciation of  fhe  value  of  introducing  scientific  methods 
into  maintenance,  .systematic  study  of  troubles,  fore- 
sight in  preparing  for  the  rainy  day.  The  manufac- 
turers' engineers,  the  operating  engineers,  and  the 
master  mechanics  are  getting  together  more  than  ever 
before  to  work  out  a  solution  to  maintenance  problems 
and  improvements  in  designs.  These  are  onlv  a  few  of 
the  h()]icful  signs  for  the  future  of  the  electric  railway. 
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W.  M.  HUTCHISON 

Railway  Equipment  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

HE  VARIOUS  terms  used  in  electric  or  dynamic     without  also  being  reversed,  or  if  they  were  reversed 


I       braking,  as  well  as  the  field  of  application  of  the 
■*■      braking  schemes  in  common  use,  are  often  con- 
fused.    The  following  gives  a  brief  resume  of  the  fun- 
damental principles  involved. 

The  term  electric  or  dynamic  braking  is  properly 


without  being  interchanged,  emergency  dynamic  brak- 
ing only  would  occur,  just  as  though  no  resistance  were 
connected  across  the  motor  terminals.  If  the  fields 
v/ere  neither  reversed  nor  interchanged,  the  current 
through  the  field  would  be  in  such  a  direction  as  to 


a  general  one,  and  refers  to  the  braking  effect  secured     demagnetize  the  field  producing  it  and  the  motors  would 
by  converting  the  propelling  motors  to  series  genera-      fail  to  build  up  as  generators. 


tors,  driven  by  the  momentum  of  the  vehicle.  Rheo- 
static  braking,  magnetic  braking,  and  emergency 
dynamic  braking  are  specific  terms  referring  to  the 
method  of  absorbing  or  applying  this  dynamic  energy. 
More  specifically,  in  rheostatic  braking  the  energy 
is  absorbed  by  a  resistance  which  is  varied  as  the  car 
speed  is  reduced.  In  magnetic  braking,  magnetically- 
operated  track  brakes  are  inserted  in  the  circuit  with  an 
adjustable  resistance  for  varying  the  braking  elifect  as 


This  scheme  also  insures  equal  voltages  on  the  two 
machines  and  stability  of  the  system,  any  unbalancing 
of  the  load  which  might  tend  to  occur  due  to  slightly 
different  characteristics  of  the  two  machines  being  auto- 
matically compensated  for.  For  example,  assume  that 
No.  I  motor  generates  a  higher  voltage  than  No.  2.  The 
tendency  will  then  be  for  the  former  to  circulate  a 
current  c,  through  No.  2  machine  in  a  direction  op- 
posite to  the  voltage  which  it  tends  to  generate.     This 


the  car  speed  decreases.     Emergency  dynamic  braking     current,  however,  will  be  in  such  a  direction  as  to  op- 
refers  to  .the  dynamic  braking  effect  secured  in  an  emer-     pose  the  main  field  current  in  No.  i  machine,  reducing 
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FIG.    I — NORM.\L    RUXNING    COXNECTIONS 

gency  by  reversing  the  car,  when  the  momentum  of  the 
car  drives  the  motors  as  generators  connected  two  in 
series  on  short-circuit. 

RHEOSTATIC  BROKING 

Figs.  I  and  2  illustrate  the  method  used  to  secure 
rheostatic  braking.  For  simplicity  a  two-motor  equip- 
ment is  shown.  The  arrows  indicate  the  direction  of 
armature  rotation,  current  flow,  armature  voltage  and 
the  field  produced  by  the  main  field  coils.  The  arma- 
ture voltage  E  is  the  counter  electromotive-force  of  the 
machine  when  acting  as  a  motor,  and  its  generated  volt- 
age when  acting  as  a  generator.  The  field  F  is  pro- 
duced by  the  current  flowing  in  the  main  field  coils  or 
the  residual  field  when  no  current  is  flowing.  C,  and 
C,  represent  the  current  in  each  machine,  and  c  indi- 
cates the  circulating  current  which  tends  to  flow  under 
certain  conditions  described  below. 

Fig.  I  shows  the  conditions  which  exist  during 
normal  running.  Fig.  2  shows  the  conditions  which  ex- 
ist in  the  braking  position.  It  will  be  noted  that  the 
fields  of  the  two  motors  have  been  interchanged  as  well 
as   reversed.     If   the    fields   were   simply    interchanged 


FK;.    2 RHEOSTATIC    ERAKIXG 

the  flux  and  therefore  the  voltage,  and  will  also  be  in 
such  a  direction  as  to  strengthen  the  main  field  current 
in  No.  2  machine,  raising  its  voltage.  In  other  words, 
the  voltage  of  No.  i  machine  will  be  decreased  at  the 
same  time  the  voltage  of  No.  2  machine  is  increased 
until  the  two  voltages  are  exactly  balanced  and  no  cir- 
culating current  will  flow.  Both  machines  operating 
in  parallel  will  assume  their  share  of  the  external  load. 

As  the  speed  of  the  car  decreases,  the  resistance  is 
gradually  cut  out  of  circuit  by  the  controller.  As  the 
braking  effect  depends  upon  the  power  generated, 
which  in  turn  decreases  as  the  car  speed  decreases,  it 
is  necessar)'  to  provide  an  auxiliary  braking  system  to 
bring  the  car  to  a  final  stop  or  hold  it  on  a  grade. 

In  equipments  provided  with  rheostatic  braking,  it 
is  necessary  to  provide  for  increased  motor  capacity, 
and  this  fact,  together  with  the  added  complication  of 
the  control  circuits  and  the  wid;  use  of  the  air  brake, 
has  resulted  in  the  practical  abandonment  of  this 
scheme  of  control  in  this  country,  except  for  special  ap- 
plications, such  as  mine  locomotives,  where  the  space 
requirements  may  not  permit  the  installation  of  air 
brake  equipments. 
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MAGNETIC  BRAKING 

When  the  external  resistance  is  replaced  by  the 
magnet  coils  of  track  brakes  which  act  on  the  track  and 
wheels,  effective  braking  is  obtained  with  much  less 
current  through  the  motors  than  with  rheostatic  brak- 
ing. Under  these  conditions,  it  is  customary  to  employ 
the  scheme  of  connections  shown  in  Fig.  3.  The  con- 
nections in  motoring  are  the  same  as  shown  in  Fig.  i. 
In  changing  from  motoring  to  braking  the  motor  fields 
are  reversed  as  in  rheostatic  braking,  but  in  place  of 
interchanging  the  fields,  a  connection  is  made  between 
the  two  motors,  as  shown.  While  this  method  of  con- 
nection has  the  advantage  of  slightly  greater  simplicity 
in  control,  and  is  satisfactory  with  the  low  currents 
usually  required  for  the  operation  of  track  brakes,  it 
cannot  be  used  in  rheostatic  braking,  where  the  current 
handled  is  of  considerable  value,  due  to  the  unbalancing 
in  load  which  may  be  obtained  with  this  scheme  of  con- 
nections. 

For  example,  referring  to  Fig.  3,  if  we  again  as- 
sume that  the  characteristics  of  No.  i  machine  are  such 
that  it  will  generate  a  higher  voltage  than  No.  2,  it 
will  tend  to  circulate  a  current  c  through  No.  2  arma- 
ture, increasing  the  internal  voltage  drop  in  No.  i  ma- 
chine until  the  terminal  voltages  are  eciual.     This  may 


FIG.    3— MAGNETIC    liK.XKIXG 

result  in  as  high  as  100  percent  unbalancing,  or  more. 
The  tendency  toward  unbalancing  may  be  lessened  by 
inserting  resistance  in  the  equalizing  connection. 

In  order  to  limii  the  amount  of  current  through  the 
track  brake  coils  to  prevent  slipping  of  the  wheels,  it 
is  common  practice  to  provide  a  regulating  resistance 
which,  in  connection  with  a  regulating  relay,  shunts  a 
l>ortion  of  the  field  current  when  the  braking  current 
reaches  an  excessive  value.  Figs.  4  and  5  indicate  the 
scheme  of  connections  used.  Resistance  is  also  inserted 
in  the  connection  between  the  two  machines  in  order  to 
decrease  any  tendency  toward  unbalancing.  In  some 
cases  it  has  also  been  found  necessary  to  use  a  de- 
magnetizing shunt,  which  serves  to  release  the  track 
brakes  when  power  is  again  applied  in  the  forward  di- 
rection. 

Although  magnetic  braking  is  used  quite  exten- 
sively in  Europe,  it  has  been  practically  abandoned  in 
this  country.  This  is  largely  due  to  the  following  rea- 
sons : — 

I — The  large  amount  of  special  work,  such  as  frogs, 
switches,  street  railway  crossings  and  steam  railroad  cross- 
ings is  a  big  handicap  to  the  magnetic  brake,  as  thev  tend 


to  produce  high  maintenance  on  both  the  magnetic  brake 
shoe  and  the  track. 

2 — In  order  to  obtain  an  effective  magnetic  brake,  it  is 
necessary  to  design  the  truck  especially  for  this  feature, 
which  involves  additional  cost,  often  increases  the  length 
of  wheel  base  and  usually  results  in  a  special  type  of  truck 
for  almost  every  new  equipment. 

3 — In  the  past,  the  application  of  magnetic  brakes  on 
cars  operated  in  America  has  resulted  in  the  development 
of  many  detail  designs,  caused  by  the  differences  in 
schedule,  in  car  construction,  in  truck  construction,  in  rail 
construction,  in  size  and  characteristics  of  motors,  and  in 
desires  of  the  local  operator. 

EMERGENCY   DYNAMIC   BRAKING 

In    any    railway    motor   equipment,    except    where 
.nly  one  motor  or  its  equivalent  of  two  connected  per- 
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FIG.    4 — MAGNETIC    BRAKIXG    liEFOKE    REC.L"I..\TOR    LIFTS 

manently  in  series  is  employed,  it  is  possible  to  secure 
an  emergency  dynamic  braking  effect  by  the  proper 
manipulation  of  the  controller.  With  a  four  motor 
equipment,  where  the  motors  are  connected  permanently 
m  parallel  pairs,  it  is  only  necessai-y  to  reverse  the  fields 
of  these  motors  with  respect  to  their  armatures  by 
throwing  the  reverse  lever.  On  <■.  two-motor  equipment 
ii;  is  also  necessary  to  move  the  controller  handle  to  the 
first  parallel  position.  In  such  a  case,  as  stated  above, 
the  momentum  of  the  car  will  cause  the  motors  to  be 
driven  as  generators,  connected  two  in  series  on  short- 
circuit,  and  the  car  will  be  retarded  by  the  heavy 
(iynamic  current  which  tends  to  flow  in  such  a  case. 
The  various  principles  involved  and  the  successive  ac- 
tions produced  have  been  full}'  described  in  a  previous 
i^sue.*  The  effect  produced  is  very  severe,  it  cannot' 
be  regulated  and  should  be  regarded  as  an  emergency 
measure  to  be  used  only  in  an  extreme  case,  when  all 
other  means  of  stopping  the  car  have  failed. 

In  certain  types  of  equipment,  the  application  of 
this  emergency  feature  is  not  always  under  the  control 
of  the  motorman,  such  as  upon  loss  of  trolley  voltage  in 
remote  control  etiuipments  operated  by  the  line  current. 
Under  such  conditions  some  operators  provide  a  means 
by  which  the  reverser  can  be  thrown  by  hand  in  emer- 
ge nc  v. 
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There  are  certain  fundamental  principles 'to  be  ob- 
served in  the  application  of  such  a  scheme,  as  fol- 
lows : — 

/ — It  must  be  operative  in  the  event  of  loss  of  power. 
2 — It  must  be  operative  in  the  event  of  loss  of  air  in 
any  system  where  the  control  elements  are  normally  oper- 
ated by  air. 


*See   article  on   "Emergency   Braking'   by  J.   \.   Clarke,   Jr., 
in  the  Journal  for  Oct.,  1916. 
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3 — Once  established,  it  must  be  inoperative  until  the 
vehicle  has  come  to  a  standstill,  in  order  that  it  will  per- 
form its  functions  automatically  in  spite  of  any  inter- 
ferences due  to  change  of  mind  or  loss  of  head  by  the 
operator. 

4 — In  case  of  the  vehicle  stopping  on  a  grade,  it  must 
be  established  in  the  reverse  direction  to  normal  to  prevent 
the  vehicle  from  rolling  backward  down  hill. 

5 — It  must  not  be  so  convenient  as  to  encourage  abuse, 
j-et  it  must  be  instantly  available  in  case  of  emergency. 


6 — It  should  be  easily  inspected  to  insure  that  it  will 
always  be  in  working  order. 

There  are  various  schemes  for  securing  emergency 
braking  which  have  been  proposed  or  are  at  present  in 
operation,  none  of  which,  however,  incorporate  all  of 
the  above  principles.  In  the  selection  of  any  scheme, 
local  conditions  and  the  exact  result  desired  will  de- 
termine the  best  arrangement  to  be  used. 


Mhd  ex  Shoi^i 'lime  ©voi'toad^  ow  ^laUvyay 

Motor  Annaiiife^ 

J.  K.  STOTZ 

Motor  Engineering  Dept., 
Wcstinghouse  Electric  &  Mfg.  Company 

THE  WINTER  of  1917-1S  and  the  past  winter 
were  severe  ones  from  the  standi)oint  of  the 
railway  operating  man.  The  average  line  had 
to  strain  its  energies  to  the  utmost  to  keep  the  equip- 
ments in  running  condition.  One  of  the  most  frequent 
forms  of  motor  failure  was  roasting  armatures.     The 


cent  to  the  coils  this  higher  density  is  i)ermissible. 
L-'nder  ordinary  ruiuiing  conditions,  it  does  not  result 
in  temperatures  any  higher  than  those  in  the  field  coils. 
The  copper  loss  of  the  average  ventilated  railway 
motor  is  from  60  to  80  percent  of  the  total  loss  at  the 
hour  rating,  while  the  copper  weight  is  only  10  to  15 


causes    of    these    roasted    armatures    were    sometimes     percent  of  the   total  motor  weight.     This  means   that 
easily  understood,  but  were  often  not  so  obvious,  due     the  bulk  of  the  heat  generated  in  the  copper  must  be 


chiefly  to  a  lack  of  appreciation  of  the  effects  of  short- 
time  overloads  on  armature  insulation. 

The  apparent  temperature,  as  measured  on  the  out- 
side of  the  coil  of  a  railway  motor  by  thermometer  will 
be  lower  than  the  actual  copper  temperature  due  to  the 
drop  through  the  insulation.  The  A.  I.  E.  E.  rules  pro- 
vide for  a  correction  of  15  degrees  to  be  added  to  the 
apparent  temperature.  In  the  average  case  this  will 
give  results  fairly  close  to  the  actual  copper  tempera- 
ture. In  the  discussion  below  the  temperatures  re- 
ferred to  are  actual  copper  temperatures. 


transferred  to  the  iron  or  the  cooling  air.  Otherwise, 
the  temperature  rise  in  the  copper  will  be  excessive. 
The  magnitude  of  this  heat  transfer  may  be  judged 
from  the  cur\-es  in  Eig.  i,  which  give  watts  loss  per 
pound  of  armature  copper  for  various  percentages  of 
the  hour  rating  for  typical  railway  motors.  It  is 
knov\n  that  a  loss  of  tive  watts  per  pound  of  copper 
(equivalent  to  1390  amperes  per  square  inch  of  current 
density)  for  one  hour  will  raise  the  temperature  of  the 
copper  100  degrees  C.  if  there  is  no  heat  transfer. 
These  curves  show  a  loss  at  the  hour  rating  of  17  to 


The  class  of  insulation  used  in  railway  motor  60  watts  per  pound  of  copper.  Obviously  there  is  a 
armatures  has  a  long  life,  if  subjected  to  temperatures  large  amount  of  heat  transfer  in  the  armature  windino-s 
that  never  exceed  105  degrees  C.     This  insulation  also     of  these  motors  at  this   rating,   for  the  actual   copper 


has  a  comparatively  long  life  even  at  ultimate  tempera- 
tures as  high  as  113  degrees  C.  At  temperatures  ma- 
terially higher  than  115  degrees  C.  the  life  is  greatly 
reduced.  Temperatures  of  125  degrees  will  ruin  the 
insulation  in  a  few  weeks,  if  maintained  steadily.  Tem- 
peratures as  high  as  160  degrees  will  destroy  the  insu- 
lation mechanically  in  a  very  short  time.  On  low  volt- 
age, the  insulation  may  still  be  satisfactory  from  an  in- 
sulating standpoint,  but  in  railway  service  especially, 
it  will  soon  flake  off,  powder,  crack  or  be  crushed  by 
the  mechanical  action  of  the  coils,  allowing  the  con- 
ductors to  make  contact  with  each  other  or  with 
ground,  resulting  in  an  armature  failure.     It  will  often 


temperatures  do  not  exceed  normal  values.  These 
curves  also  show  how  ihe  allowable  loss  per  pound  for 
a  given  temperature  rise  decreases  as  the  motor  size  in- 
creases, due  to  the  smaller  radiation  surface  of  the 
copper  per  pound,  and  the  increased  eddy  current  losses. 
The  effect  of  a  short,  heavy  overload  is  to  give  an 
entirely  different  temperature  distribution  than  is  ob- 
tained under  rated  load  conditions.  If  instead  of  the 
rated  current,  three  times  this  value  be  applied,  the 
armature  copper  losses  will  be  increased  nine  times,  but 
the  time  to  reach  dangerous  temperatures  is  much 
shorter  than  might  be  expected.  The  temperature 
reached  is  no  longer  a  question  of  storage  capacity  and 


take  several  days  or  weeks  after  the  overload  for  this  radiation  of  the  armature  as  a  whole,  but  of  the  heat 

failure  to  occur,   thus  hiding  the  actual   cause  of  the  .-absorbing  capacity  of  the  copper  in  the  slots.     .Since  the 

trouble.     \\'hen  the  insulation  has  once  been   roasted,  copper  mass  is  so  small,  it  can  absorb  the  heat  generated 

moisture  or  another  overload  may  break  down  the  in-  only  by  a  great  increase  in  temperature.     The  tempera- 

sulation  altogether  and  failure  will  occur.  hire  reached  is  a  function  of  insulation  thickness,  cur- 

As  a  general  rule,  the  current  density  is  higher  in  rent  density,  insulation  inaterial  and  slot  shape.     It  is 

the  armature   copper   than   in   the   fields   of   a   railway  not  materially  affected  by  the  heat  storage  capacity  of 

motor.     Due  to  the  distributed  winding,  the  better  ven-  the  armature  iron  under  these  conditions, 

tilation  and  the  larger  mass  of  iron  immediately  adja-  Tests  show  that  when  three  times  rated  current  is 
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api)lied  lo  the  average  railway  inolor,  the  armature 
copper  will  rise  40  to  60  degrees  C.  above  the  iron  in 
one  minute,  depending  upon  the  motor  rating.  There 
ii,  a  difference  of  only  20  or  25  degrees  between  iron 
and  copper  on  the  continuous  or  even  the  hour  rating. 
This  means  that  the  heat  is  concentrated  in  the  arma- 
ture copper  during  short  overloads  and  soon  destroys 
the  insulation.  The  field  coil  temperatures  under  these 
loads  are  not  so  high,  because  of  the  greater  copper 
niass  and  the  lower  densities  at  which  the  fields  are 
v.orked.  This  emphasizes  another  point  shown  in 
Fig.  I,  namely  that  the  temperatures  reached  on  short 
overloads  are  lower  in  the  large  motors  than  in  the 
small  ones.  The  smaller  radiating  surface  per  pound 
of  copper  and  the  larger  eddy  current  loss  in  the  larger 
motors  necessitate  lower  current  densities  and  hence 
lower  losses  per  pound  of  copper.  This  means  that  the 
larger  motor  inherently  has  a  larger  overload  capacity 
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than  the  small  one.  For  example,  a  motor  rated  at 
60  amperes  will  stand  180  amperes  for  two  minutes 
with  a  rise  for  the  armature  copper  of  100  degrees  C. 
above  the  iron,  while  a  motor  rated  at  200  amperes  will 
stand  600  amperes  for  nearly  four  minutes  with  the 
same  rise. 

Numerous  tests  have  been  made  to  determine  the 
effect  of  a  cycle  of  operations  on  motor  temperatures. 
The  curves  shown  in  Fig.  2  are  the  result  of  such  a 
test.  The  motor  under  test  on  the  lower  curve  was 
run  for  four  hours  totally  enclosed  at  its  continuous 
ralins:  of  31  amperes,  then  lOO  amperes  were  applied 
for  one-half  hour.  The  resultant  temperatures  shown 
in  the  curve  were  thermometer  readings  of  field  coil 
temperatures.  The  armature  copper  temperatures 
were  undoubtedly  much  higher.  The  temperature  rise 
of  the  field  coil  was  doubled  in  the  first  ten  minutes  of 
the  100  ampere  load.  The  upper  curve  is  for  a  venti- 
lated   motor   with    the    same    continuous    rating   as    the 


non-ventilated  motor.  It  show*  the  same  results 
except  that  they  are  much  exaggerated.  The  heat 
storage  capacity  of  the  second  motor  is  much  less  than 
that  of  the  first,  and  the  temperature  on  overload  is 
correspondingly  higher.  To  save  the  motor  it  was  nec- 
essary to  shut  down  after  ten  minutes  of  overload. 
The  probable  temperature,  if  the  load  had  been  con- 
tinued, is  shown  by  the  dotted  line.  This  gives  an  idea 
of  what  may  be  expected  if  a  short  heavy  overload  is 
put  on  a  motor  after  operating  it  for  several  hours  at 
the  current  which  it  will  normally  carry.  This  is  a 
condition  often  encountered  in  railway  work.  Ten 
minutes  of  bucking  snow,  running  with  snow  high 
enough  between  the  tracks  to  rub  on  the  motors,  haul- 
ing cripples  up  a  steep  grade,  running  with  one  or  two 
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FIG.    2— COMPARATIVE   TEMPERATURE   RISES 

Of  tlic  field  coils  of  ventilated  and  non-ventilated  motors 
having  the  same  continuous  capacity. 

motors  cutout — any  of  these  may  produce  excessive 
temperatures  with  the  inevitable  result  of  damaged 
armatures  and  ultimate  burn-outs. 

On  some  properties  where  trouble  from  short  over- 
loads has  been  experienced,  it  may  be  necessary  to 
select  future  motors  more  liberally,  for  no  railway  mo- 
tor is  intended  to  buck  snow  or  stand  some  of  the  over- 
loads it  will  experience  on  poorly  maintained  properties. 
The  operator  must  provide  better  snow  fighting  equip- 
ment, and  must  use  it  in  a  more  efficient  manner,  if  con- 
ditions are  to  be  improved.  Much  can  be  done  also  in 
educating  crews  so  that  they  may  better  appreciate  the 
limitations  of  their  motors.  Better  and  more  frequent 
inspection  and  overhauling  will  reduce  the  number  of 
crii)ples  by  weeding  out  incipient  cases  of  trouble. 
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HUGH  PATTISON 

Heavy  Traction  Dept., 
Westinghouse  Electric  &  Mfg.  Compan}- 


T»J  ALL  WHO  ARE  INTERESTED  in  the 
economical  operation  of  electric  railways,  the 
cost  of  repairs  to  the  locomotives  and  cars  is  of 
importance.  Those  charged  with  maintaining  such 
ecjuipment  may  be  much  helped  by  comparing  their 
costs  with  those  of  other  roads.  Here  one  is  con- 
fronted with  the  insufficiency  of  the  usual  units  to 
which  these  costs  are  reduced.  Usually,  inforination 
is  lacking  which  will  enable  useful  comparisons  to  be 
made,  except  in  the  case  of  roads  having  practically 
identical  equipment  and  service  conditions.  There  are 
few  roads  so  similar  in  these  respects  as  not  to  require 
allowances  and  adjustments  before  a  comparison  of 
costs  is  of  benefit.  Costs  of  repairs  are  usually  re- 
duced to  a  locomotive-mile,  car-mile,  train-mile  or  ton- 
mile  basis. 

The  locomotive-mile  or  car-mile  as  a  unit  takes  no 
account  of  the  weight  or  capacity  of  the  locoinotive 
or  car  nor  of  the  character  of  the  service.  A  large 
heavy  car  with  electric  equipinent  to  correspond  will 
eventually  require  more  repairs  per  mile  than  a  lighter 
one ;  a  locomotive  hauling  heavy  loads  will  require  more 
repairs  per  mile  than  one  in  light  service.  Repairs  are 
to  a  great  degree  dependent  upon  the  work  performed 
and  a  unit  which  does  not  provide  for  this  is  not  satis- 
factory for  the  purpose  of  comparison.  Often  the 
record  of  mileage  is  not  reliable,  as  certain  dead  mileage 
and  short  movements  may  be  omitted,  in  fact  it  would 
be  very  difficult  to  include  all  these.  In  some  services, 
this  kind  of  mileage  forms  a  relatively  important  part 
of  the  whole,  while  in  other  services  it  may  be  so  small 
as  to  be  negligible.  Nearly  all  locomotives  are  required 
to  do  some  switching  but  the  amount  varies  widely  in 
diiiferent  services.  If  the  amount  is  small,  it  is  not  in- 
cluded as  mileage,  and  is  sometimes  omitted  even  when 
comparatively  large.  If  it  is  sufficient  to  justify  being 
recorded,  the  switching  mileage  is  computed  on  an 
hourly  basis  at  the  uniform  rate  of  six  miles  per  hour. 
This  has  been  shown  to  be  quite  wide  of  the  mark  in 
inany  cases.  All  of  this  means  that  not  only  is  the 
recorded  locomotive  mileage  quite  usually  incorrect,  but 
that  the  extent  of  the  error  for  some  services  is  much 
greater  than  for  others. 

The  train-mile  unit  has  nothing  to  commend  its  use 
for  maintainance  of  equipment  records.  Its  ofily  value 
is  for  comparing  certain  transportation  expenses  which 
are  more  a  function  of  the  train  mileage  than  of  any- 
thing else.  Obviously  the  train-mile,  since  it  makes  no 
allowance  for  the  great  variation  which  exists  in  train 
weights,  is  as  useless  as  a  unit  for  comparing  and 
.analyzing  repair  costs  as  is  the  locomotive-mile. 


The  ton-mile  is  a  better  unit  than  any  of  the  fore- 
going, particularly  for  freight  service.  It  is  a  step  in 
the  right  direction  for  it  attempts  to  cover  the  work 
done.  However,  it  is  lacking  in  several  important  re- 
spects. To  move  a  ton  one  mile  up  a  grade  imposes 
heavier  duty  upon  all  parts  of  the  equipinent,  with  con- 
sequent greater  wear  and  tear,  than  to  move  a  ton  the 
same  distance  on  level  track  or  down  grade.  Yet  the 
ton-miles  are  the  same  in  both  cases.  Also  a  service 
involving  frequent  stops  requires  more  from  the  equip- 
ment and  imposes  greater  stresses  and  heating  than  does 
express  service  of  the  same  ton-mileage.  Mileage  is 
one  component  of  this  unit  and  the  record  of  ton-miles 
can  therefore  not  be  more  reliable  than  that  of  loco- 
motive-miles which,  as  has  already  been  shown,  is  in- 
accurate. In  addition,  the  record  of  the  tons  hauled 
is  not  always  accurate  and  still  worse  is  usually  not 
defined.  It  may  be  gross  tons,  including  weight  of  lo- 
comotives, cars  and  contents;  gross  tons,  not  including 
weight  of  locomotives;  net  tons,  or  contents  of  cars 
only;  or  revenue  tons,  which  are  net  tons  exclusive 
of  certain  non-revenue  loads.  Perhaps,  because  of  lack 
of  complete  information,  the  tonnage  on  a  division  may 
be  prorated  on  the  basis  of  the  system  average,  and 
thus  be  very  much  too  high  or  too  low  because  of  some 
characteristic  of  the  division's  serv'ice  which  differs 
greatly  from  the  average  of  the  whole  system.  In 
passenger  service,  it  is  not  always  made  clear  whether 
ton-miles  include  weight  of  passengers,  though  this  does 
rot  usually  introduce  any  great  error. 

The  kilowatt-hour  input  to  the  locomotive  or  car, 
though  seldom  used,  is  thought  to  be  a  much  more 
correct  and  convenient  unit  than  any  of  those 
discussed.  The  locomotive  or  car  is  a  device  whose 
duty  it  is  to  do  work  and  we  are  concerned  with 
what  it  costs  to  maintain  it  in  proportion  to  the  work  it 
does.  A  part  of  the  work  of  the  locomotive  is  to  move 
itself,  the  balance  is  to  draw  its  load.  Likewise  a  part, 
and  a  large  part,  of  the  work  of  a  car  is  to  move  itself 
and  the  balance  is  to  move  its  load  of  passengers  or 
freight.  There  is  no  convenient  method  of  segregating 
this,  as  the  ratio  between  the  gross  and  net  weight  is 
constantly  varying.  We  are  hardly  concerned  with  this 
distinction.  The  propelling  and  controlling  apparatus, 
including  motors,  gears,  rods,  brakes,  etc.,  are  required 
to  do  both  portions  of  the  work  and  are  entitled,  when 
comparing  their  performance,  to  be  credited  with  the 
whole.  So  it  resolves  itself  into  taking  the  input  to  the 
device  as  the  proper  unit  by  which  to  measure  what  it 
has  done.  It  may  be  said  that  this  is  putting  a 
premium  on  low  efficiency  but  there  is  little  to  that,  as 
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the  cltkiencie-s  of  cars  and  loconiolives  do  not  vary 
greatly  when  performing  the  kind  of  service  for  which 
they  are  designed.  When  required  to  perform  other 
service  in  which  the  losses  may  be  higher,  these  very 
losses  are  cause  for  repairs  in  that  the  heating  of  mo- 
tors, resistances  and  control  contribute  eventually  to 
repairs.  The  use  of  the  input  is  therefore  entirely  just 
and  logical  as  a  unit  for  comparing  cost  of  maintenance. 

There  are  undoubtedly  some  items  of  repairs  which 
are  nearly  if  not  quite  independent  of  the  work  done. 
Painting  for  instance  is  more  a  function  of  time  than 
of  work  done  or  miles  run.  There  are  a  few  others 
which  probably  depend  principally  on  mileage,  such  as 
wear  of  pantagraph  or  third  rail  shoes,  although  the 
life  of  these,  and  still  more,  of  the  trolley  wheels,  is 
affected  by  the  amount  of  current  collected,  that  is,  the 
work  done.  Even  for  these  items,  since  mileage  is  one 
component  of  the  work  done,  the  input  as  a  unit  is  not 
far  wrong.  But  such  items  are  not  the  major  ones. 
Repairs  to  motors,  control,  brakes,  trucks,  frames, 
gears,  pinions  and  even  wheels  and  bearings  are  largely 
dependent  upon  the  load  as  well  as  mileage,  that  is  upon 
the  work  done.  Under  heavy  loads  all  parts  are  con- 
tinuously stressed  to  near  their  maximum  and  while 
so  stressed  the  pounding  and  racking  due  to  passing 
over  frogs  and  switches  results  in  greater  wear  and 
deterioration  than  when  an  equal  mileage  is  made  under 
light  load. 

Where  electric  locomotives  are  double-headed,  the 
mileage  of  each  locomotive  is  recorded.  Were  it  the 
policy  of  the  road  to  run  these  multiple-unit,  calling  the 
two  units  one  engine,  the  mileage  would  be  but  half 
that  in  the  former  case  and  repairs  per  locomotive- 
mile  would  therefore  be  doubled.  Yet  the  repairs  per 
kilowatt-hour  input  would  be  the  same  either  way. 

It  is  certain  that,  if  the  cost  of  repairs  were  pre- 
sented on  a  kilowatt-hour  basis,  there  would  not  be 
such  a  great  and,  to  some,  puzzling  difference  as  exists 
in  the  customary  figures  per  locomotive-mile  for  differ- 
ent roads,  and  a  bettei"  indication  would  be  secured  of 
the  merits  and  suitability  "f  the  different  locomotives 
tor  the  work  they  are  required  t(j  do. 

It  must  be  realized  that  even  when  reduced  to  the 
most  rational  unit  any  comparison  between  the  cost  of 
repairs  to  equipment,  without  allowance  for  different 
conditions  surrounding  its  operation,  is  almost  without 
value  and  leads  to  no  dependable  conclusion.  Figures 
based  on  short  intervals  of  time,  such  as  the  month, 
may  be  misleading  because  of  accumulation  of  deferred 
work  and  the  entering  of  delayed  charges  and  credits. 
All  of  these  are  smoothed  out  when  a  longer  period  is 
taken.  The  average  for  a  year  should  be  taken,  and 
even  a  longer  period  is  preferable.  The  history  of  the 
equipments'  operation,  both  during  and  prior  to  the 
period  represented  by  costs  under  examination  should 
lie  known.  Overloading,  either  past  or  current,  is  re- 
flected in  the  costs.  Careful  regulation  against  over- 
loading now  will   not  prevent  past  abuse  from  affect- 


ing present  repairs.  The  correction  of  defects  in  de- 
sign or  workmanship  may  be  spread  over  a  long  period 
and,  though  the  correction  may  be  fully  sufficient  and 
such  equipment  as  is  Corrected  may  be  cheaply  main- 
tained, the  cost  of  the  correction,  together  with  the  un- 
satisfactory performance  of  the  equipment  not  yet 
changed,  may  result,  during  a  prolonged  transition 
period,  in  an  average  cost  even  greater  than  before  any 
correction  was  applied.  The  very  fact  that  a  road  has 
iiin  during  the  year  with  little  or  no  trouble  may  indi- 
cate that  the  year's  figures  for  repairs  cannot  safely  be 
taken  as  representing  what  may  be  expected  in  the  fu- 
ture. Experience  has  shown  that  certain  classes  of  ap- 
paratus have  a  more  or  less  definite  period  of  life  after 
which  they  will  fail  and  require  repairs  or  renewals. 
If  very  well  made  and  handled  the  time  for  repairing 
will  be  deferred  for  a  longer  time  but,  when  it  does 
come,  the  cost  during  that  year  will  be  high  and  will 
raise  the  average  of  the  preceeding  years.  Also  the  re- 
verse of  this  condition  is  met  with.  It  may  be  that  a 
number  of  alterations  are  early  found  to  be  desirable 
and  for  a  period  of  perhaps  several  years  the  repairs  in- 
clude the  cost  of  alteration  as  well  as  of  the  continued 
abnormal  failure  of  those  parts  not  yet  reached  in  the 
schedule  of  alteration.  In  such  cases  the  costs  of  re- 
pairs are  higher  than  the  average  will  be  over  a  period 
long  enough  to  include  several  years  operation  after 
;ilterations  are  completed  and,  therefore,  should  not  be 
l;iken  as  representative  of  the  type  of  e(|uipment  used. 

Were  it  the  custom  to  reduce  the  cost  of  repairs  to 
the  kilowatt-hour  basis,  we  would  soon  be  familiar  with 
;  proper  figure  to  use  for  this  item  when  estimating 
the  cost  of  operation  of  any  proposed  electrification. 
.\t  the  time  of  making  an  estimate  of  this  kind  it  is  nec- 
essary to  determine  the  energy  required  to  perform  the 
assumed  service  in  order  to  determine  the  cost  of 
power,  and  having  this  the  cost  of  repairs  could  be 
estimated  more  accurately  than  by  applying  some  figure 
to  the  calculated  locomotive-mileage.  The  record  of 
kilowatt-hours  input  is  more  easily  kept  than  the  record 
of  locomotive  or  ton-mileage.  Of  course  it  requires 
liiat  each  vmit  be  provided  with  an  integrating 
wattmeter,  but  this  is  not  now  unusual  and  there  are 
other  good  reasons  for  doing  so.  Probably  the  roads 
would  continue  to  keep  their  present  mileage  and  ton- 
nage records  for  other  purposes,  but  the  suggested 
record  would  be  of  real  value  to  them,  both  to  check 
their  own  costs  from  time  to  time  for  dift'erent  divisions 
or  types  of  equipment  and  to  compare  their  results  with 
those  of  other  roads. 

An  incidental  advantage  of  this  custom,  which  is 
of  considerable  value,  is  that  it  enables  the  shopman  to 
know  promptlj'  the  kilowatt-hour  record  of  any  unit. 
Now,  it  is  veiy  difficult  and  often  impossible  for  him  to 
Vceep  the  mileage  record  of' any  piece  of  the  equipment 
which  may  from  time  to  time  be  changed  from  one  car 
or  locomotive  to  another.  The  mileage  record  at  best 
(inlv  applies  to  the  main  imit,  the  car  or  locomotive  as  a 
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whole,  and  the  mileage  of  certain  trucks,  motors,  axles 
or  wheels  is  very  difficult  to  follow.  \Vere  it  only  nec- 
essary to  read  the  wattmeter  at  the  time  of  making  each 
change  the  record  would  be  comparatively  simple. 

There  can  be  no  question  that,  with  proper  but 
moderate  attention  to  the  instruments,  the  wattmeter 
record  would  be  more  accurate  than  the  present  mile- 
age records,  and  would  include  all  work  done  bv  the 


unit,  whether  light  or  loaded,  revenue  or  deadhead, 
sw  itching  or  road.  It  would  add  no  appreciable  burden 
Irj  the  crew  or  clerical  force  to  keep  this  record,  no  im- 
portant expense  to  provide  and  maintain  the  instru- 
ments. It  would  aid  in  keeping  shop  records  and  above 
all,  would  give  a  basis  for  intelligent  comparison  of  dif- 
ferent equipments  which  is  not  afforded  by  the  present 
methods. 


O.  WORTMAN 

Railway  Equipment  Engineering  Dcpt., 
Westinghouse  Electric  &:  Mfg.  Company 

'N  THE  electrification  of  an  industrial  plant,  where     cf  power  in  a  definite  service,  and  requires  no  fuel  and 
the  material  passing  through  manufacture  is  large     water  to  be  carried. 


•*■  in  bulk  or  weight,  and  gathered  from  the  surround- 
ing territory — or  in  the  construction  of  a  modern  plant 
of  such  a  character,  serious  consideration  should  be 
given  to  the  railway  hauling  the  material  to  the  plant. 
A  power  plant,  generating  electric  power  for  the  usual 
industrial  applications  will,  of  course,  favor  the  fur- 
ther application  of  electricity  to  the  railway.  In  addi- 
tion, electric  locomotives  have  inherent  operating 
characteristics  which  make  the  rpplication  of  the  elec- 
tric locomotive  profitable.  Some  of  these  characteris- 
tics are : — 


FIG.    I — TYli,    i'\     I."    ■.;    ilIVE   USED   BY    THE   CENTRAL   LIMONES 
R-MLWAY  SYSTEM 

/ — Low  standby  losses,  which  consist  mainly  of 
losses  in  the  blower,  compressor  and  cab  heating  and 
lighting  devices.  These,  in  moit  cases  are  much  less 
than  the  standby  losses  of  the  steam  locomotive. 

2 — The  cost  of  power  per  horse-power  at  the  loco- 
motive is  less,  due  to  the  application  of  mechanical  fir- 
ing devices  at  the  power  house,  larger  generating  units, 
and  an  organization  particularly  directed  to  get  the  most 
power  from  the  fuel  at  the  least  cost. 

J — There  is  no  throwing  of  sparks,  or  dropping  of 
hot  ashes  or  smoke  nuisance.  Electric  locomotives  can 
haul  directly  into  a  plant  with  entire  safety  and  clean- 
liness. 

4 — The  electric  locomotive  is  wholly  an  application 


Undoubtedly,  considerations  of  this  kind  entered 
into  the  decision  to  electrify  the  railway  of  the  Central 
Limones  in  Cuba.  This  railway  is  in  the  province  of 
Matanzas  and  operates  through  a  limited  territor>\  It 
comprises  three  main  lines  radiating  from  Central 
Limones  with  several  branch  lines  running  out  from 
them.  Two  of  the  main  lines  connect  with  the  Ferro- 
carril  Unidos  de  la  Habana.  The  total  single-track  mile- 
age including  the  sidings  and  yards  is  32.6  miles.  During 
the  grinding  or  cane  season,  comprising  130  days,  cane 
is  gathered  from  the  surrounding  territory  and  moved  to 
the  sugar  mill  at  Central  Limones.  This  with  fuel  and 
merchandise  makes  up  the  traffic  into  Central  Limones. 
Stone  is  shipped  throughout  the  year  from  a  quany 
north  of  Central  Limones  to  Limonar,  one  of  the  con- 
necting points  with  the  Ferro-carril  Unidos  de  la 
llaiwna,  and  in  addition,  sugar  and  molasses  during  the 
grindmg-  season.  The  daily  tonnage  of  revenue  traffic 
is  approximately  3000  tons  during  the  grinding  season 
.'ind  1550  tons  during  the  dead  season. 

The  sugar  mill  erected  at  Central  Limones  is 
equipped  ^v■ith  steam  driven  d'evices.  Most  of  these  are 
being  changed  over  to  electric  drive  and  eventually  all 
devices  will  be  so  driven.  A  refinery  now  under  con- 
struction will  be  equipped  altogether  with  electric  drive. 
There  is  also  a  cement  mill  under  construction  at  the 
stone  quarry,  which  will  require  about  900  kw. 

During  the  grinding  season,  bagasse,  the  refuse  of 
the  sugar  cane  after  the  juice  has  been  squeezed  out,  is 
burned  under  the  boilers,  supplemented  by  oil  and 
wood.  During  the  dead  season,  Mexican  fuel  oil  is 
turned  and  during  the  year  1918-1919  was  obtained  at 
$1.20  per  barrel.  Of  the  power  generated,  approxi- 
mately 500  kw  will  be  available  for  the  railway  during 
the  grinding  season.  Much  less  is  required  during  the 
dead  season,  when  the  traffic  is  relatively  light. 

Under  steam  operation,  two  large  and  two  small 
engines  handle  the  switching  at  Central  Limones.  Six 
road  engines,  two  switchers  and  one  pusher  are  engaged 
at  other  points.  The  locomotives  burn  Clinchtield  and 
\\"estmoreland  Coal  which,  during  the  year  1918-1919, 
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was  obtained  at  an  average  price  of  $15  per  long  ton. 

The  electrification  includes  the  installation  at  Cen- 
tral Limones  of  two  1875  kv-a,  three-phase,  60  cycle, 
480  volt,  turbine  driven  generators;  four  500  kv-a, 
single-phase,  13  200  volt,  high  tension  transformers 
(one  spare)  for  power  at  the  cement  mill ;  two  500  kv-a 
oil    insulated,    self    cooling    three-i)hase    transformers, 


—LOCATION    OF    CENTRAL 
LIMONES,   CUIiA 


single  primary,  double  secondaiy ;  two  500  kw  rotary 
converter  sets,  each  consisting  of  two  250  kw,  750  volt 
converters,  operated  from  independent  transformer 
secondaries,  and  in  series  on  the  direct-current  side  for 
1500  volts.  One  transformer  and  one  rotary  converter 
set  are  sufficient  to  cany  the  contemplated  railway  load 
— the  other  set  being  spare.  Space  is  provided  in  the 
power  plant  for  the  future  installation  of  another  turbo- 
generator to  take  care  of  possible  requirements.  A  nine 
panel  switchboard  provides  for  the  control  of  the  gen- 
erators, transformers  and  rotary  converters,  and  in  ad- 
dition controls  two  625  kv-a,  three-phase  outgoing 
feeders  and  three  1500  volt  direct-current  feeders. 

The  breakers  in  the  alternating-current  circuits  are 
remote  mechanically  operated,  mounted  on  a  pipe  struc- 
ture behind  the  switchboard  and  arranged  to  prevent  a 
heavy  concentration  of  current  in  the  bus-bars,  by  hav- 
ing the  feeder  circuits  tap  off  between  the  generator  bus 
connections. 

The  overhead  distribution  for  the  railway  is  sec- 
tionalized,  so  as  to  be  fed  by  three  separate  feeders. 
Catenary  construction  is  used  on  the  three  main  lines 
and  on  spur  tracks  where  possible.  The  direct  suspen- 
sion type  is  used  on  tracks  around  the  mills  and  on  such 


FIG.    3 — MAP   OF   CENTKAI.    LIMDNES    RAILWAY 

sidings  and  spurs  where  the  track  curves  are  too  shaip 
for  the  catenary  construction  to  be  economical.  Two 
features  of  the  catenary  system  are  worthy  of  atten- 
tion. Advantage  has  been  taken  of  the  absence  of  sleet 
lo  space  the  supporting  poles  farther  apart  than  is  the 
ordinary  practice.  On  tangent  tracks,  poles  will  be 
spaced  60  meters  (200  feet)  and  30  meters  (100  feet) 


for  the  catenary  and  direct  suspension  construction  re- 
spectively. This  spacing  is  approximately  one  third 
greater  than  ordinary  and  affects  an  appreciable  saving 
in  number  of  poles  and  erection  costs.  The  second  fea- 
ture is  that  no  separate  feeder  is  run  along  the  line,  but 
instead,  where  a  feeder  is  necessary,  it  is  used  as 
messenger  for  the  catenary. 

There  are  five  electric  locomotives  under  construc- 
tion. Under  normal  conditions,  one  of  these  locomo- 
tives will  be  a  reserve  unit,  even  during  the  grinding 
season.  Each  locomotive  will  have  a  weight  of  40 
short  tons,  all  supported  on  the  drivers,  and  will  be 
equipped  with  four  95  hp,  750  volt  field  control  mo- 
tors, connected  permanently  two  in  series  and  arranged 
for  forced  ventilation.  The  gear  ratio  will  be  15:62 
and  33  inch  wheels  will  be  used. 

The  motors  may  be  operated  all  in  series  from  the 
1500  volt   trolley   for   half    speed,   or   in   series-parallel 


FIG.    4 — EgUll'MENT    COMPARTMENT    IN    LOCOMOTIVE    OF    THE    TYPE 
BEING   Bl'II.T    FOU   THE   CENTR<\L   LIMONES 

combination  for  full  speed.  To  permit  a  larger  tractive 
effort  and  drawbar  pull,  the  motor  fields  are  provided 
with  taps  which  permit  part  of  the  turns  to  be  cut  out 
in  both  the  half  speed  and  full  speed  running  combina- 
tions of  the  motors,  thus  securing  four  economical  run- 
ning speeds. 

At  its  continuous  current  rating,  each  motor  is 
capable  of  giving  a  tractive  effort  of  1800  pounds,  with 
the  specified  wheel  diameter  and  gear  ratio,  or  7200 
pounds  total  for  the  locomotive,  at  a  speed  of  16  miles 
per  hour.  For  short  periods,  the  motors  are  capable  of 
operating  at  approximately  twice  the  one  hour  rating, 
or  220  amperes.  However,  the  most  severe  operating 
condition  \vhich  these  locomotives  will  be  called  upon 
to  meet  is  hauling  a  12  car  loaded  train  (360  trailing 
metric  tons)  up  a  two  percent  tangent  track.  This  re- 
(|uires  a  locomotive  current  of  320  amperes — with  mo- 
tors in  the  series-parallel  combination  and  operated  with 
full  field,  resulting  in  a  current  per  motor  of  160  am- 
peres.    Advantage  is  taken  nf   the   full   field  notch  on 
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short  heavy  grades  to  keep  the  power  demand  to  a 
nnnimum. 

The  mechanical  parts  of  these  locomotives  may  be 
considered  under  four  heads,  motor  trucks,  brake  rig- 
ging, the  cab  or  superstructure  .ind  equipment  supports. 

The  ti-ucks  are  two  in  number,  each  with  two  driv- 


cngages  a  gear  of  62  teeth  on  each  driving  axle.  The 
gear  ratio  is  such  that  a  high  drawbar  pull  may  be 
realized.  The  motor  case  is  provided  with  an  opening 
to  which  a  flexible  canvas  connection  is  made  leading 
from  an  air  duct  for  ventilation. 

The  cab  is  substantially  built  of  steel,  well  tinished. 


ing  axles,  and  are  of  the  rigid  bolster,  equalized  type,  thoroughly  braced  and   fastened  and  provided  with  a 

and  built  with  rolled  steel  side  frames  located  outside  v.ooden  floor.     Walking  platforms  outside  the  cab  are 

the  wheels.     The  wheels  are  also  rolled  steel.  of  rolled  steel  checker  plate.     Three  windows  are  pro- 

The   brake   equipment    consists   of    pneumatically-  vided  on  each  side  and  a  door  and  two  windows  at 

operated  brake  rigging  with  shoes  on  all  wheels  and  each  end.     The  hoods  at  each  end  have  hinged  doors 

hand  brakes  operating  on  all  wheels.     The  brake  rig-  on  each  side  which  can  be  opened  to  permit  inspection 


ging  is  actuated  through  a  radial  brake  beam  which  per- 
mits  eiifective   braking   on   short   curves.      The    equip- 


~"      1  Train  Lint:  Jumper 


^ 


f^l 

,.nrr  ofS^- 

f-c/ies 

s'rM^ui'mimi 

U^^ 

±f:- 

-\-\--    ■•■     ■ 

FIG.    5 — MAIN    WIRING    .\ND    CONTROL    SCHEMATIC   DIAGRAM 

iTient  is  arranged  for  double  end  operation,  and 
is  an  adaptation  to  the  electric  locomotive  of  the  stand- 
ard brake  equipment  applied  to  steam  locomotives.  It 
includes  an  independent  (straight  air) brake  for  hand- 
ling the  locomotive  alone,  together  with  the  standard 
quick  action  automatic  brake  for  both  locomotive  and 
Irain.  The  brake  air  cylinder  is  mounted  under  the 
cab,  and  the  brake  lever  and  size  of  cylinder  are  so  pro- 
portioned that  with  50  pounds  air  pressure  in  the  brake 
cylinder,  a  total  normal  shoe  pressure  of  75  percent 
of  the  weight  of  the  locomotive  is  obtained. 

The  four  motors  are  inside  hung,  that  is,  hung  be- 
tween the  driving  axles,  one  end  being  supported  on  the 
truck  bolster  and  the  other  bein.^  supported  around  the 
axle.     A  pinion  of  15  teeth  attached  to  each  motor  shaft 


of  the  compressors,  blowers  and  headlight  resistance 
mounted  rmder  the  hood.  This  provision,  together  with 
a  sliding  door  on  the  hood  front  and  a  removable  plate 
between  the  cab  and  hood  interiors,  therefore,  permits 
inspection  on  all  four  sides  of  the  apparatus  mounted 
within. 

The  underframe  through  which  the  draw^bar  pull 
IS  transmitted  is  built  up  of  rolled  steel  channel  side  and 
center  sills  with  plate  end  sills.  These  sills  are  con- 
nected by  heavy  knees,  making  an  exceptionally  sub- 
sfantial  and  rigid  structure. 

The  air  duct  is  an  enclosed  space  be- 
tween the  center  sills,  guiding  the  air  from 
the  blower  under  one  hood  to  openings 
adjacent  to  each  motor  to  which  the  canvas 
air  connections  are  jointed.  The  blower  is 
driven  by  a  1500  volt  double  commutator 
motor,  controlled  through  fused  canopy 
switches. 

In  the  other  hood  two  compressors, 
driven  by  1500  volt  motors,  are  mounted 
and  controlled  through  fused  canopy 
switches.  They  supply  air  between  85  and 
100  pounds  pressure  to  the  air  tanks  or 
reservoirs  under  the  cab.  Cooling  pipes 
are  inserted  between  each  compressor  and 
the  air  reser\'oirs,  and  also  between  the 
reservoirs.  The  compressor  governor  is 
set  to  .operate  at  85  and  100  pounds,  so  that 
it  will  automatically  cut  in  the  compressor 
at  the  lower  pressure  and  cut  it  out 
at  the  higher.  A  pipe  leads  away  from  the  reservoirs 
to  the  air  distributing  valve  and  brake  valve.  A  con- 
nection is  also  made  through  a  reducing  valve,  set  at 
70  pounds,  to  a  control  resei-voir  from  which  the  air  is 
obtained  for  operating  the  electric  switches. 

The  electric  control  is  of  the  standard  electropneu- 
matic  type,  in  which  the  switches  are  closed  and  held  in 
contact  by  air  pressure  applied  through  a  valve,  which 
is  opened  electrically  and  closed  by  a  spring  when  the 
valve  coil  is  deenergized.  The  valves  are  actuated  by 
low-voltage  current  through  a  master  controller  at 
either  end,  under  direct  and  easy  control  of  the  engi- 
neer. The  switches  are  combined  into  two  compact 
groups,  and  with  the  accelerating  resistor,  reverser  and 
control  resistor,  are  mounted  in  an  equipment  compart- 
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irient  of  structural  steel,  erected  between  the  floor  and 
roof  of  cab  and  rigidly  braced.  An  expanded  metal 
screen  is  provided  around  the  structure  to  prevent  acci- 
dental contact  with  the  electrical  apparatus. 

The  master  controller  is  of  the  usual  type  of  con- 
struction, comprising  a  speed  drum  and  reverser  drum, 
finger  boards  and  handles. 

The  switches  and  reverser  are  provided  with  inter- 
locks to  prevent  a  false  operation  occurring  during  the 
various  switching  and  transition  steps.  For  e.xample, 
to  reset  the  overload  device,  it  is  necessary  to  bring  the 
master  controller  to  the  off  position  in  order  to  com- 
plete the  reset  circuit,  which  lifts  the  plunger  and  con- 
tact discs  into  position,  and  completes  the  main  control 
circuits.  Again,  throwing  the  reverser  handle  one  way 
or  the  other  does  not  operate  the  reversing  switches. 
This  is  accomplished  only  when  the  controller  is  moved 
to  the  first  notch.  The  complete  operation  of  the  re- 
verser then  closes  the  main  switches,  putting  the  mo- 
tors in  series  with  the  accelerating  resistor  across  the 
trolley  voltage.  Interlocks  on  the  switches  insure  that 
the  switches  will  close  in  the  proper  sequence  to  give 
the  connections  indicated  by  the  position  of  the  master 


controller  handle. 

The  accelerating  resistor  consists  of  cast-iron  grids 
assembled  into  frames,  and  mounted  in  the  equipment 
structure  on  insulated  bolts.  The  resistor  is  designed 
so  that  an  acceleration  can  be  made  smoothly  and  is  of 
sufficient  capacity  to  dispose  of  the  heat  losses  during 
acceleration. 

The  cab  lights  and  headlights  are  operated  from 
the  middle  tap  of  the  double  commutator  motors  operat- 
ing the  blower.  These  circuits  are  controlled  through 
snap  switches  mounted  on  the  meter  panel.  The 
blower,  compressor,  control  and  reset  switches  are 
mounted  for  easy  operation  by  the  engineer. 

The  current  collectors  consist  of  one  pantagraph 
and  two  wheel  trolleys ;  the  latter  being  for  forward 
and  reverse  running,  in  case  the  pantagraph  cannot  be 
operated.  The  trolleys  and  pantagraph  are  of  standard 
types.  The  pantagraph  is  spring  raised  and  air  lowered. 
In  the  down  position,  the  pantagraph  is  held  by  a  latch 
which  is  released  by  air  to  raise  the  pantagraph,  the 
spring  of  the  pantagraph  completing  the  movement.  In 
lowering  the  pantagraph,  air  pressure  is  used  to  over- 
c(ime  the  force  of  this  spring. 
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INGLE-PHASE  electric  locomotives  were  plnced 
in  service  in  May,  1908,  for  the  purpose  of  haul- 
ing freight  and  passenger  trains  through  the  St. 
Tunnel,  under  the  St.  Clair  River,  connecting 
Huron,  Michigan,  and  Sarnia,  Ontario.*  The 
tunnel  is  a  single  track  tube,  6032  feet  in  length,  with 
approaches  totaling  5784  feet.  The  track  enters  the 
tunnel  from  the  Michigan  portal  with  a  descent  of  two 
percent  for  2399  feet,  then  graduates  to  o.  i  percent  for 
1718  feet  and  then  takes  a  two  percent  grade  for  1915 
feet  to  the  portal  on  the  Canadian  side. 

The  locomotives  haul  trains  of  looo  tons  up  these 
two  percent  grades  at  a  speed  of  ten  miles  per  hour. 
They  are  doing  more  than  was  ever  possible  with  steam 
and  at  less  cost.  The  service  rendered  by  both  the 
power  plant  and  the  electric  locomotive  equipment  has 
been  such  that  during  the  entire  twelve  years  of  opera- 
tion, delays  of  even  a  few  minutes  have  been  almost  un- 
known. Some  delays,  due  to  insulator  failures  causing 
short-circuits,  occurred  at  first,  but  this  trouble  has 
practically  been  eliminated  by  changing  the  design  of 
some  of  these  devices.  The  only  trouble  since  these 
changes  were  introduced  has  been  due  to  rare  me- 
chanical and  accidental  injury. 

THF.   LOCOMOTIVTsS 

There   are   six  units,   each   weighing  66  tons  and 


*Soc  also  an  article  on  "Results  of  Six  Years  Heavy  Haul- 
i-;c"  by  W.  D.  Hall  in  the  Joirnai.  for  Dec.  1919,  p.  542. 


mounted  on  a  frame  which  is  non-articulated  from  end 
tc  end.  None  of  them  have  shown  any  signs  of  weaken- 
ing. ■  Each  locomotive,  two  units,  has  a  rating  of  1500 
hp,  and  a  maximum  safe  speed  of  30  miles  per  hour. 
Each  unit  has  three  single-phase  railway  motors, 
each  of  which  is  directly  connected  through  a  single 
gear  and  pinion  to  a  pair  of  62  inch  drive  W'heels.  Con- 
sidering that  no  quills  or  springs  are  used  to  absorb  the 
shocks,  the  performance  of  the  gears  and  pinions  has 
h-en  exceptionally  good.  .\  number  of  the  original  g^ars 
are  still  in  service  and  in  good  condition  after  having 
I'lade  432  000  miles.  Some  of  the  pinions  have  made 
more  than  150000  miles  and  are  still  in  good  condition. 
Drive  Wheels — At  first,  considerable  trouble  and 
expense  was  experienced  with  the  wheels  due  to  abnor- 
mal flange  wear,  which  was  caused  to  a  large  extent  by 
the  rigid  wheel  base  and  the  great  number  of  curves  ond 
switches  encountered.  The  mileage  never  exceeded 
25  000  before  it  was  necessary  to  remove  the  wheels  for 
turning.  In  July,  igro,  Mr.  W.  D.  Hall,  Superintendent 
of  the  tunnel,  conceived  the  idea  of  an  atomizer  to  spray 
oil  on  the  wheel  flanges  by  means  of  compressed  air. 
This  is  accomplished  by  pressing  a  button  in  either  of 
the  controllers,  one  of  which  is  at  each  end  of  the  cab. 
The  oil  is  applied  as  the  locomotive  approaches  a  cun-e 
and  then  only  for  a  verj'  short  duration  of  time.  The 
results  have  been  so  remarkable  that  the  tires  of  No.  9 
pair  of  wheels  of  locomotive  No.   2658  have  made  a 


October,   1920 

mileage  slightly  exceeding  300  000  miles  since  they  were 
in  a  lathe  for  turning. 

It  is  found  that  the  mixture  of  oil  and  air  not  only 
lubricates  the  flanges,  but  cleanses  them  from  grit  and 
sand.  Another  feature  of  this  lubricating  device  is 
that  no  attempt  is  made  to  heat  the  oil  and  blow  it 
through  the  frozen  nozzles  in  winter.  On  the  contrary 
the  lubricators  are  placed  outside  on  the  locomotive 
frame.  The  oil  is  thinned  to  suit  the  temperature  con- 
ditions, so  that  it  is  sprayed  nearly  as  well  in  winter  as 
in  summer.  This  device  alone  has  naturally  brought 
about  a  very  considerable  saving  in  both  labor  and  tnes. 

One  of  the  very  important  features  of  operation  by 
e'ectric  locomotives  is  that  they  are  available  for  service 
at  least  90  percent  of  the  time.  The  electric  locomo- 
tives on  this  property  have  more  than  met  this  average. 

Pantagraphs — Each  unit  is  equipped  with  one 
pneumatically-operated  pantagraph  which  is  controlled 
from  the  engineer's  cab.  With  a  reasonable  amount  of 
attention  these  have  given  very  little  trouble.  Break- 
ages usually  occur  as  a  result  of  the  shoe  catching  in 
some  part  of  the  overhead  construction,  but  Fuch 
trouble  is  rare. 

The  pantagraphs  collect  the  current  from  a 
catenary  overhead  construction,  supplemented  with  a 
steel  contactor  wire  on  the  grades,  at  3300  volts,  25 
cycles.  The  same  voltage  is  used  direct  from  the  power 
plant,  which  is  located  near  the  portal  of  the  tunne)  on 
the  Port  Huron  side. 

Autotransformers — After  the  current  is  collected, 
1!  passes  to  the  autotransformer,  which  is  located  on 
one  side  of  the  cab.  During  severe  electrical  storms 
two  of  these  transformers  were  damaged,  but  repairs 
v/ere  made  without  removing  them  from  the  locomQ*ive. 
This  shows  the  ease  of  accessibility  which  obtains  in 
these  cabs,  because  of  their  good  layout. 

Switch  Groups  and  Controllers — The  switch 
groups  are  located  on  the  side  of  the  cab  opposite  the 
transformer,  which  gives  a  very  wide  aisle  in  the  center 
of  the  cab,  running  its  full  length  with  a  large  amount 
of  space  at  either  end.  The  cabs  are  surprisingly 
roomy. 

The  contacts  in  the  switch  groups  require  occa- 
sional scraping,  and  the  shunts  are  renewed  from  time 
to  time,  but  all  in  all,  the  smallness  of  the  amount  of 
burning  is  remarkable.  The  valve  parts  require  little 
attention.  An  air  compressor  oil  is  used  which  does 
not  cause  gumming  of  the  small  parts. 

The  controllers  are  of  the  locomotive  type,  v/ith 
short  angular  movement,  and  the  number  of  accelerat- 
ing resistance  steps  provided  gives  a  ver>'  smooth  accel- 
eration without  slipping  the  wheels.  The  controllers  re- 
quire little  attention  and  have  given  practically  no 
trouble. 

Main  Motors — The  field  windings  have  given  no 
trouble  at  all  but  some  armatures  have  been  repaired 
from  time  to  time.  The  commutators  have  made  more 
than  400  000  miles  each,  yet  not  one  has  been  renewed. 
Arrangements  are  now  under  way  to  start  renewals,  so 
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that  no  trouble  will  be  met  in  a  year  or  two,  due  to 
the  necessity  of  renewing  a  number  of  commutators  at 
one  time.  Practically  all  the  motors  have  made  the 
same  mileage,  and  the  wearing  parts  have  held  up  very 
uniformly.  Some  of  the  commutators  have  exceeded 
100  000  miles  since  last  being  turned  and  slotted.  The 
brush  mileage  varies  between  40000  and  60000  miles. 
No  shunts  or  caps  are  used  with  the  brushes,  but  the 
finger  tips  are  practically  the  full  width  of  the  brush. 

Air  Compressors — The  air  compressors  have  ^iven 
sjitisfactory  results.  They  are  equipped  with  electric- 
ally controlled  governor  synchronizers,  which  cause 
both  compressors  to  start  and  stop  at  the  same  time  for 
double  heading  operation  of  the  locomotives. 

Locomotive  Auxiliaries — The  air  compressor  and 
blower  motors  have  given  splendid  service.  The  latter 
have  not  required  repairs  to  either  the  stator  or  rotor 
windings.  Only  three  armatures  of  the  former  have 
been  repaired,  and  one  of  these  had  the  canvas  heads 
renewed  only.  The  commutators  are  cleaned  from  time 
to  time,  but  it  is  not  necessary  to  dress  them  in  a  lathe. 

POWER   PLANT 

The  two  main  units  are  Westinghouse  three-phase, 
25  cycle,  3300  volt  turbogenerators,  two  barometric 
condensers,  two  engine  driven  exciters,  one  motor 
driven  exciter  and  two  air  pumps.  In  the  turbine 
room  basement  are  two  engine  driven  circulating  pumps 
of  the  centrifugal  type,  one  house  pump,  two  engine 
driven  stoker  fans,  the  transformer  room,  a  store  room 
and  a  mercury  arc  rectifier.  The  boiler  room  contc.ins 
four  water  tube  boilers  equipped  with  underfeed 
slokers,  an  independently  fired  superheater,  overhead 
coal  bunkers  and  two  feed  water  pumps. 

Turbines — The  turbines  have  given  very  satisfac- 
t'lry  service  during  the  twelve  years.  No  bearing 
trouble  has  been  experienced.  In  fact,  the  oil  stone 
marks  on  the  spindles  are  just  about  as  fresh  as  when 
tlicy  were  made  twelve  years  ago.  Some  of  the  steel 
blading  has  been  removed  and  as  the  small  or  high  pres- 
sure blading  was  not  laced  it  has  been  found  advisable 
to  replace  the  small  unlaced  steel  blading  with  laced 
bronze  blading.  The  turbines  take  the  irregular  lead- 
ing in  a  wonderful  manner,  and  the  vibration  through- 
out the  variations  is  almost  unnoticeable. 

Main  Generators — The  insulation  of  the  fields  gave 
evidence  of  breaking  down  after  about  six  years'  opera- 
tion, at  which  time  they  were  rebuilt  with  more  modern 
insulation.  They  have  given  splendid  service  since  that 
time.  The  stator  coils  have  not  given  any  trouble  what- 
ever, although  frequently  subjected  to  severe  strains. 

Exciters — The  motor  driven  exciter  unit  has  given 
excellent  service.  It  has  been  in  continuous  operation, 
night  and  day,  for  twelve  years  with  exception  of  a  few 
minutes  each  week  for  inspection  and  dusting.  The 
commutator  of  the  direct-current  generator  has  never 
been  turned  or  dressed  since  being  slotted  about  eleven 
years  ago.  During  an  electrical  storm,  one  or  two  coils 
in  the  motor  broke  down,  but  were  repaired  in  short 
G'-der  and  the  set  put  back  in  service. 
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The  Condensers  and  Circulating  Pumps  have  re- 
quired the  ordinary  running  repairs  only.  For  a  short 
period  at  the  start,  the  condensers  caused  a  little  trouble 
due  to  the  spray  nozzles  becoming  clogged  with  small 
fish  during  certain  seasons,  as  the  water  was  taken  di- 
rectly from  the  St.  Clair  River.  This  was  overcome  by 
removing  the  grids  from  the  nozzles,  thus  permitting 
the  fish  to  go  right  through  with  the  water. 

The  engines  of  the  engine-driven  circulating  pumps 
luive  received  only  the  ordinary  repairs  and  the  pumps 
show  practically  no  sign  of  wear.  In  fact  the  paint 
with  which  the  impellers  were  originally  painted  is  even 
now  quite  fresh. 

Boiler  Feed  Pump  and  House  Pump — The  boiler 
feed  pumps  are  of  the  reciprocating  type.  They  have 
received  frequent  repacking  and  renewals  of  parts. 
Water  for  sealing  the  turbine  glands  and  various  ])arts 
is  supplied  by  a  house  pump  of  the  reciprocating  type. 
In  order  to  avoid  trouble,  due  to  loss  of  vacuum  on  ac- 
count of  failure  of  the  water  supply,  the  discharge  pipe 
fif  the  pump  is  connected  with  the  city  supply  line,  but 
interposed  by  a  check  valve.  Hence,  by  maintaining  a 
slightly  higher  j)ressure  at  the  house  ]>ump  than  that  of 
the  city  line,  no  water  from  the  city  system  can  pass. 
Should  it  be  necessary  to  stop  the  house  pump,  or 
should  it  fail,  the  check  value  will  open  and  thus  an 
uninterrupted  supply  of  water  is  maintained.  This  little 
detail  in  itself  is  a  great  precaution,  and  is  just  one  of 
liie  characteristic  features  of  this  whole  installation 
which  guards  against  any  accident  that  will  tie  up  the 
.system. 

Boilers  and  Stokers — The  boilers  and  stokers  ha\e 
given  very  satisfactorj'  results,  especially  in  view  of  the 
fact  that  they  have  had  to  care  for  very  erratic  load 
conditions.  A  few  tubes  have  been  renewed  during 
the  twelve  years  and  the  furnaces  have  been  repaired 
from  time  to  time.  It  is  probable  that  it  would  not  have 
been  necessary  to  have  renewed  even  these  few  tubes 
if  slack  coal  could  have  been  u.sed  at  all  times.  On  ac- 
count of  the  very  sudden  demands  for  power  it  is  nec- 
essary to  use  high  air  pressure,  so  that  when  crushed 
mine  run  is  used  a  blow  torch  effect  may  be  set  up  to 
such  an  extent  as  to  result  in  the  blistering  oftubes. 

.Mthough  working  under  widely  fluctuating  condi- 
tions of  load,  not  one  retort  was  burned  out  and  not  one 
renewed  in  a  period  of  eleven  years.  At  the  end  of  this 
period  all  the  retorts  were  renewed,  because  they  were 
worn  out  by  the  action  of  the  rams  and  corrosion,  wliere 
they  were  set  in  the  brickwork  at  the  front  end.  The 
boilers  and  stokers  have  been  in  24  hour  service  since 
November,  1907,  only  being  out  of  service  during  regu- 
lar cleaning  and  inspection  periods. 

TROLLEY  LINE  CONSTKUCTION 

The  trolley  and  messenger  wires  are  supported  on 
si  eel  bridges,  which  are  spaced  at  250  ft.  intervals.  The 
trolley  wire  is  suspended  from  the  messenger  wire  by 
catenaiy  hangers  spaced  every  13  feet.  This  has  given 
very  satisfactory'  results.     The  greatest  wear  was  found 


at  points  of  rigid  support.  At  these  points  an  iron 
trolley  wire  was  installed  beneath  the  copper,  and  this 
has  given  satisfaction,  especially  where  it  is  not  e.xposed 
to  steam  locomotive  gases. 

Train  delays  due  to  line  material  failures  have  been 
£0  few  as  to  make  them  almost  negligible.  Especially 
has  this  been  true  during  the  last  six  or  seven  years  of 
operation.  During  the  first  few  years  a  few  short-cir- 
cuits and  consequent  delays  were  e.xperienced,  due  to 
insulator  failures,  which  usually  resulted  from  steam 
locomotive  gases  causing  flashovers.  These  have  been 
overcome  by  installing  two  insulators  in  series 
where  locomotive  gases  are  found.  At  first  there 
\;as  some  insulator  trouble  in  the  tunnel  due  to  unequal 
expansion  and  contraction,  but  this  has  been  overcome 
by  installing  insulating  devices  of  newer  design. 

Another  source  of  trouble  due  to  short-circuits 
vas  brought  about  by  birds  alighting  on  the  lightning 
arrester  tips.  As  it  would  be  a  difficult  matter  to  edu- 
cate the  birds,  perches  were  provided  above  the  arrester 
tips  for  the  birds'  convenience,  r.nd  in  this  manner  the 
tiouble  was  overcome. 

DETROIT  EDISON  SERVICE 

Arrangements  have  been  completed  with  the  De- 
troit Edison  Company  to  supply  power  for  the  tunnel 
operation.  A  W'estinghouse  synchronous  motor- 
generator  set  with  a  capacity  of  i860  kilowatts  has  been 
installed  in  the  substation,  which  stands  just  north  of 
the  power  house.  The  motor  operates  at  4600  volts,  60 
cycles,  three-phase,  and  the  generator  furnishes  single- 
phase,  25  cycle  current  at  3300  volts  to  the  tunnel 
trolley.  The  train  load  reaches  a  four  to  six  minute 
peak  of  about  2400  kilowatts.  Both  the  motor  and  gen- 
erator sides  of  the  machine  have  separate  exciters  at  the 
respective  ends  of  the  shaft.  Both  exciters  are 
equipped  with  automatic  regulators.  The  motor  exciter 
regulator  takes  care  of  the  power-factor  and  the  other 
regulator  takes  care  of  the  generated  voltage. 

RESULTS 

The  average  cost  of  maintenance  of  the  electric  loco- 
motive equipment,  material  and  labor  up  to  December, 
1914  was  4.514  cents  per  locomotive-mile,  and  from 
December,  1914  to  December,  1919,  7.051  cents  per  lo- 
comotive mile. 

The  fact  thai  the  electric  locomotive  eciuipment,  the 
power  plant  equipment,  and  the  line  material  are  in 
splendid  operating  C(jndition  today,  not  only  speaks  well 
for  both  the  design  of  the  various  parts  and  the  quality 
of  material  used  in  their  construction,  but  also  for  the 
iraintenance  and  supervision  given  them  during  these 
twelve  very  successful  years  of  operation.  This  in- 
stallation proves  the  value  of  single-phase  electrification 
and  the  results  obtained  ver>'  clearly  .show  that  alternat- 
ing-current is  not  an  experiment.  It  has  proved  its 
v.orth  on  this  property,  just  as  it  has  on  many  others 
throughout  the  United  .States  and  foreign  countries. 


For  the  UorioUi  l^'.  V/estern  Railway 

D.  C.  WEST 

Railway  Engineering  Department, 
Westinghouse  Electric  &  Mfg.  Company 


THE  TONNAGE  handled  per  day  by  the  split- 
phase  locomotives  on  the  Elkliorn  Grade  electri- 
fication of  the  Norfolk  &  Western  Railway,  is 
greater  than  that  on  any  other  electrified  railroad,  either 
in  this  country  or  abroad,  and  the  nature  of  the  service 
demands  that  all  equipment  possess  the  greatest 
stamina.  Accelerating  rheostats  must  be  able  to  handle 
frequent  and  heav}'  accelerations,  after  the  heavy  ton- 
nage trains  have  been  stopped  to  fill  out  the  Inad  at 
several  points  along  the  grade  of  one  to  two  percent 
on  the  western  half  of  the  line.  Because  of  its  high 
thermal  capacity,  its  ability  to  dissipate  large  amounts 
of  heat  quickly,  and  the  characteristic  smoothness  of  its 
resistance  variation,  the  liquid  rheostat  has  demon- 
strated its  inherent  suitability  for  this  very  severe  ser- 
vice. Five  years  of  operating  experience  have  only 
suggested  certain  modifications  and  refinement  in  de- 
sign, and  these  are  incorporated  in  the  new  rheostats. 

The  rheostat  for  each  truck  consists  of  two  elec- 
trode assemblies,  of  three  electrodes  each,  mounted  side 
by  side  in  a  rectangular  tank,  which  is  provided  with  a 
set  of  weirs  for  raising  and  lowering  the  height  of  the 
electrolyte  around  the  electrodes.  The  electrolyte  is 
contained  in  a  tank  directly  below  the  rheostat,  and  is 
circulated  through  the  rheostat  by  a  motor-driven  cen- 
trifugal pump.  A  bypass  is  taken  off  the  pipe  leading 
from  the  pump  to  the  rheostat,  and  through  this  a  por- 
tion of  the  electrolyte  is  shunted  into  the  cooling  tower. 
From  the  cooling  tower,  which  is  located  beside  the 
rheostat,  the  electrolyte  returns  to  the  electrolyte  tank 
tc  be  circulated  again.  Beneath  the  cooling  tower  and 
adjacent  to  the  electrolyte  tank  is  a  tank  carrying  a 
supply  of  fresh  water,  the  function  of  which  will  be 
described  below.  The  complete  outfit  stands  about  six 
feet  high  from  the  bottom  of  the  tanks  to  the  top  of  the 
cooling  tower,  and  covers  a  deck  space  about  four  by 
five  feet. 

The  general  arrangement  of  the  electrodes  and 
regulating  weirs  is  shown  in  Fig.  i.  The  electrodes 
A,  B  and  C,  are  connected  to  the  slip  rings  of  the  main 
driving  motors  through  the  insulated  terminal  bolts  D 
v.hich  extend  through  the  top  plate  and  also  serve  to 
support  the  electrodes  mechanically.  The  lower  ends 
of  the  electrodes  rest  in  grooves  in  the  soapstone  blocks 
E  which  hold  not  only  the  electrodes  in  place,  but  also 
insulate  them  from  the  bottom  of  the  tank.  The  ground 
plates  F  are  supported  from  the  side  and  central  ground 
plates  G  and  H  by  means  of  the  through  bolts  /,  which 
are  provided  with  iron  pipe  spacers  for  locating  the 
plates  in  their  correct  positions.  Both  the  electrodes 
and  the  ground  plates  are  of  steel  sheet  and  the  con- 


s'.ruction  is  such  as  to  give  a  light  and  very  rugged 
unit.  There,  are  two  three-electrode  units  in  each 
rheostat,  and  either  may  be  readily  removed  for  inspec- 
tion or  repair  by  taking  off  the  removable  side  plate  R 
and  sliding  the  unit  out  into  the  compartment  at  the  end 
of  the  cab. 

At  minimum  level,  i.e.,  on  the  first  notch  of  the 
master  controller,  the  path  of  the  current  is  directly 
through  the  electrolyte  from  A  to  B,  B  to  C,  and  C  to 
ground  to  A.  The  lengths  and  equivalent  cross-sec- 
tions of  all  three  paths  between  electrodes  being  equal, 
a  balanced  three-phase  delta  resistance  is  obtained.  The 
l;igh  resistance  necessary  to  limit  the  current  at  start  is 
obtained  at  this  level  by  the  wide  spacing  of  electrodes, 
by  the  narrowing  in  of  the  electrodes  at  the  bottom  and 
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by  the  use  of  soapstone  barriers  K.  These  barriers 
have  the  effect  of  increasing  the  length  and  restricting 
the  cross-section  of  the  current  path,  and  thus  increas- 
ing the  resistance  between  electrodes  without  increasing 
the  current  density  on  the  surface  of  the  electroc^es. 
The  very  low  maximum  current  density,  and  the  fact 
that  no  circuits  are  completely  broken  between  the  elec- 
trodes and  the  electrolyte,  eliminate  any  possibility  of 
arcing,  and  consequent  burning  of  the  electrode  tips. 

As  the  locomotive  is  accelerated,  the  secondary 
voltage  of  the  motors  gradually  decreases,  and  the  re- 
sistance in  circuit  must  be  decreased  in  proportion  in 
order  to  maintain  the  current,  ?nd  hence  the  tractive 
eft'ort  constant.  This  reduction  in  resistance  is  accom- 
plished in  the  liquid  rheostat  (i)  by  increasing  the  sub- 
nierged  area  of  electrodes,  (2)  by  increasing  the  num- 
ber of  paths  which  the  current  may  take  between 
piinses,  and  (3)  by  decreasing  the  length  of  these  oaths. 
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As  the  electrolyte  rises  from  its  minimum  level,  the 
delta  resistance  is  lowered  by  the  increasing  submerged 
aiea,  and  by  the  sloping  off  of  the  soapstone  barriers, 
so  that  they  cause  less  restriction  of  the  path.  At  a 
point  about  six  inches  above  the  minimum  level,  the 
solution  begins  to  cover  the  ground  plates  H.  This 
affords  the  current  two  short  parallel  paths  from  each 
electrode  to  ground,  giving  a  low  resistance  star  con- 
nection in  addition  to  the  comparatively  high  resistance 
delta  circuits  already  established.  Sudden  change  in 
lesistance,  and  concentration  of  current  in  the  electro- 
lyte opposite  the  center  of  the  electrodes,  is  prevented 
by  cutting  the  ground  plates  away  in  the  center.  As 
the  electrolyte  rises  still  higher,  the  paths  are  shortened 
by  branching  the  electrodes  out  so  that  they  come  closer 
tr  the  ground  plates  on  either  side.  Another  ground 
Ij'ate  F  is  brought  in  between  the  two  branches  of  each 
electrode,  giving  a  total  of  four  parallel  star  paths. 
The  resistance  in  the  circuit  at  the  maximum  level  is 
thus  reduced  to  such  a  value  that  when  the  motor  s^ec- 
ondaries  are  short-circuited  on  the  last  notch  of  the 
niaster  controller,  there  will  be  only  a  small  percentage 
change  in  tractive  effort. 

The  means  for  controlling  the  height  of  electrolyte 
in  the  new  rheostat  has  been  designed  with  particular 
alteiilion  lo  positiveness  of  operation  and  ease  of  main- 
tenance. It  consists  of  a  series  of  fifteen  long,  narrow 
segmental  weirs  L,  extending  lengthwise  across  the  tank 
along  the  edges  of  the  electrodes,  and  resting  one  on 
top  of  the  other.  These  weirs  may  be  raised  and 
lowered  individually  by  manipulation  of  the  master  con- 
troller. 

With  the  pump  running  and  all  weirs  in  the  up 
position,  the  electrolyte  flows  in  through  the  flow'  equal- 
izer T,  across  the  rheostat  between  the  electrodes  and 
barriers,  and  out  beneath  the  bottom  weir.  When  the 
bottom  weir  is  lowered  to  the  doTmi  position,  the  elec- 
trolyte must  rise  until  it  flows  over  the  top  edge  of  the 
v.-eir.  This  is  repeated,  as  each  weir  is  lowered  so  that 
its  bottom  edge  rests  directly  on  the  top  edge  of  the 
weir  below  it,  until,  with  all  in  the  down  position,  the 
weirs  form  a  solid  wall  across  the  end  of  the  tank,  and 
cause  the  electrolyte  to  rise  to  its  maximum  level. 
Thus,  as  each  weir  is  operated  it  establishes  a  new  and 
exact  level  of  electrolyte,  and  hence  an  exact  value  of 
resistance  in  the  secondaries  of  the  motors.  The  change 
from  one  step  to  another,  however,  is  always  gradual 
and  smooth,  corresponding  to  a  large  number  of  very 
small  intermediate  steps. 

Each  weir  is  pivoted  on  an  axis  M,  parallel  to  its 
longer  dimension,  with  its  ends  supported  in  the  bearing 
biocks  Q.  The  bearing  blocks  are  removable,  so  that 
Ihe  entire  set  of  weirs  may  be  taken  out  of  the  side  of 


the  tank  as  a  unit,  by  first  removing  the  side  plate  .S". 
A  short  arm  A'^  projects  out  from  the  weir  casting  on 
the  side  opposite  the  face  of  the  weir,  and  from  this 
arm  a  connecting  rod  extends  up  to  the  piston  of  an  air 
cjlinder  and  magnet  valve  assembly  P,  similar  to  ihat 
used  on  a  standard  unit  switch.  The  arrangement  is 
such  that  when  air  is  admitted  to  the  cylinder,  by 
energizing  a  finger  on  the  master  controller,  the  arm  is 
raised  and  the  weir  lowered.  In  this  way  a  given  notch 
on  a  master  controller  speed  lever  always  connects  the 
same  definite  resistance  in  the  secondaries  of  the  motors 
which  that  lever  controls.  One  set  of  weirs  is  provided 
for  each  of  the  four  trucks  on  the  locomotives,  and 
each  set  is  controlled  by  a  separate  speed  lever  on  the 
master  controller.  The  four  levers  may  be  notched  up 
cither  independently  or  together,  and  the  loads  on  the 
four  trucks  may  readily  be  balanced,  if  necessary,  by 
changing  the  relative  angular  positions  of  the  levers. 

A  part  of  the  energy  consumed  in  the  rheostat  is 
radiated  from  the  surface  of  the  tanks,  but  the  greater 
part  is  dissipated  in  the  cooling  tower.  As  menti(>ned 
above,  part  of  the  electrolyte  coming  from  the  pump  is 
led  off  through  a  pipe  to  the  top  of  the  cooling  tower. 
It  then  flows  down  in  a  thin  sheet  over  a  series  of  slant- 
ing metal  tray."^  where  some  of  the  water  is  vapoiized 
and  passes  off  as  steam  through  -i  vent  in  the  side  of  the 
tank.  A  considerable  amount  of  heat  is  required  to 
convert  the  water  into  steam  and,  as  this  heat  must  be 
absorbed  from  the  liquid  which  remains,  the  solution 
which  flows  back  into  the  electrolyte  tank  is  compara- 
t'vely  cool.  By  this  method  it  is  possible  to  dissipate 
a  very  large  quantity  of  heat  within  a  short  period  of 
time,  and  without  any  possibility  of  damage  to  the  ap- 
paratus involved. 

The  evaporation  of  water  from  the  electrolyte, 
however,  causes  an  increase  in  density  of  the  solution, 
with  a  resultant  decrease  in  resistance  at  all  levels.  To 
compensate  for  this,  a  supply  of  fresh  water  is  pro- 
vided. Compressed  air  is  used  to  force  the  fresh  water 
into  the  electrolyte  tank  where  it  mixes  with  the  electro- 
lyte and  reduces  it  to  the  proper  density.  The  air  is 
admitted  into  the  space  above  the  surface  6i  the  water 
in  the  fresh  water  tank  through  a  small  hand  valve, 
and  a  gauge  glass  is  provided  on  the  electrolyte  tank  to 
indicate  when  the  proper  level  has  been  reached.  It  is 
thus  an  easy  matter  for  the  engineman  to  maintain  the 
density  in  his  rheostats  constant  during  the  evaporation 
of  the  entire  supply  of  fresh  water.  In  addition,  the 
rheostat  is  so  designed  that  about  one-third  the  normal 
weight  of  electrolyte  may  be  evaporated  without'  lovrer- 
ing  the  resistance  beyond  the  allowable  limit.  Normal 
operation  is  at  constant  density,  with  a  35  percent  re- 
serve capacity  available  for  operation  at  var>Mng  densi- 
ties. 


'WMIiig  Railway  Motua^  ArKintiirD^ 


J.  B.  STIEFEL 

Motor  Engineering  Dept., 
Westinghonse  Electric  &  Mfg.  Company 

INCREASED  mileage  per  motor  failure  is  the  aim  of 
every  operating  man.  In  addition  to  the  standard 
cost  of  taking  a  truck  from  under  a  car,  removing  a 
motor  and  replacing  with  another,  and  making  the  nec- 
essary repairs  to  the  damaged  motor,  the  railroad  must 
face  the  cost  of  public  opinion.  Every  failure  carries 
with  it  the  possibility  of  a  tie-up  and  disarranged 
schedule,  resulting  in  dissatisfied  patrons.  Taking  all 
things  into  consideration,  a  motor  failure  on  the  line  is 
expensive.  Realizing  the  cost  of  motor  failures,  it  is 
good  economics  to  employ  all  precautionary  measures 
necessary  to  keep  the  motors  in  service.  Failures  can 
be  reduced  to  a  minimum  with  careful  and  intelligent 
inspection,  and  the  life  of  the  equipment  increased  by 
b.eavy  overhauling  at  certain  intervals,  based  on  mile- 
age. 

In  most  cases,  motor  failures  are  due  to  armature 
trouble  and  the  actual   life  of   an  armature,  omitting 


mica.  Clean  out  the  slots  in  the  commutator  neck,  re- 
moving the  old  solder,  for  when  they  are  not  clean  the 
necks  will  crowd  when  the  leads  are  put  in,  and  the 
forcing  required  to  keep  the  necks  straight  carries  with 
it  the  danger  of  breaking  off  the  copper,  especially  on 
thin  bars.  Test  from  bar  to  bar  with  at  least  no  volts 
to  insure  against  possible  short-circuits.  Test  for 
ground  at  a  voltage  of  at  least  twice  line  voltage,  to 
make  sure  of  a  sound  commutator. 

INSULATING  OF  COIL  SUPPORTS 

When  the  old  insulating  material  is  roasted  or  life- 
less, due  to  age  it  should  be  renewed.  Fig.  i  shows  a 
method  of  insulating  the  coil  supports  of  a  typical  wire- 
wound  armature.  On  the  pinion  end,  it  is  insulated 
with  treated  cloth  caps,  consisting  of  curved  sections  of 


failures  due  to  mechanical  troubles,  depends  upon  the 
winding  department.  If  they  fail,  all  other  precautions 
are  useless.  High-grade  material  and  workmanship, 
even  with  higher  cost,  is  the  most  economical  in  the 
end.  Many  points  must  be  watched  during  the  wind- 
ing of  an. armature,  if  the  best  results  are  to  be  ob- 
tained. The  methods  to  be  followed  and  points  to  be 
observed  to  insure  a  high-grade  product  are  given  in 
the  following  paragraphs. 

INSPECTION  OF  CORE  AND  COMMUTATOR 

Examine  the  condition  of  the  iron  regardless  of 
whether  the  armature  is  new  or  old.  Straighten  up  the 
laminations  and  file  off  all  burrs  and  high  spots  that 
might  damage  the  coils.  Then  inspect  the  commutator, 
making  sure  that  it  is  tight.  Remove  any  dirt  or  car- 
bon dust  that  may  be  lodged  between  the  mica  V-ring 
and  the  ends  of  the  bars.  Renew  the  protecting  band 
over  the  front  mica  V-ring  when  loose,  oil  soaked  or 
damaged.  If  in  good  condition,  thoroughly  clean  and 
re-varnish.  In  case  the  mica  between  the  commutator 
bars  is   oil   soaked,   rebuild   the   commutator  with   new 


treated  cloth,  held  in  place  with  treated  cloth  tape, 
vvhich  is  used  for  insulating  the  coil  support  proper.  A 
fullerboard  ring  is  placed  directly  back  of  the  com- 
mutator and  the  joint  between  the  rear  mica  V-ring  and 
fullerboard  ring  is  sealed  with  several  layers  of  treated 
cloth  tape.  Treated  cloth  tape  is  also  used  on  the  front 
coil  support  and  is  applied  so  as  to  make  a  fillet  be- 
tween the  coil  support  and  the  fullerboard  ring.  Be- 
fore winding,  the  space  directly  back  of  the  commu- 
tator neck  is  filled  with  rope  and  cement  or  treated  cloth 
so  that  the  leads  will  not  rest  on  the  edge  of  the  com- 
mutator slot. 

LAYOUT   OF   ARMATLTRE 

After  insulating  the  core,  and  before  starting  to 
Avind,  the  layout  of  the  commutator  and  coil,  should  be 
checked.  This  is  very  important,  as  one  bar  off  neutral 
nsay  affect  the  flashing  conditions  of  the  motor  to  such 
an  extent  as  to  cause  considerable  trouble,  the  cause 
(if  which  mav  not  be  discovered  for  some  time  after  the 
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armature  is  put  in  service.  Armatures  of  either  the 
tvvo-circuif  wave  or  multiple-circuit  lap  winding  types, 
with  brushes  on  the  center  line  of  the  poles,  have  the 
center  line  of  the  coil  throw  in  the  slots  lining  up  with 
the  center  line  of  the  coil  throw  on  the  commutator. 
Most  railway  motors  have  the  brushes  on  the  center  line 
of  the  poles,  but,  when  they  are  oflfset,  the  center  line 
of  the  coil  throw  on  the  commutator  must  be  shifted 
a  like  amount  to  take  care  of  it.  When  there  is  a  dead 
coil  in  a  winding  it  should  be  the  first  coil  used,  and 
after  the  lead  is  cut  off  it  is  considered  the  same  as  a 
coil  with  an  odd  number  of  active  single  coils.  The 
manufacturers  will  gladly  furni.sh  the  correct  layout  for 
any  i>articular  armature.* 

WINDING 

Watch  each  coil  during  winding,  making  ^ure  that 
it  is  in  its  correct  position  before  the  ne.xt  coil  is 
wound,  for  if  the  coils  start  to  crowd,  the  winding  be- 
comes difficult  and  damage  may  be  done  to  the  arma-, 
ture.     This  can  easily  be  accom])lished  by  keeping  the 


tmg  due  to  vibration  or  pressure  or  when  filling  is  de- 
sired. No  set  rule  can  be  made  regarding  this  point, 
as  it  depends  on  the  particular  type  of  winding.  Place 
the  leads  down  in  an  orderly  manner,  avoiding  all 
crosses,  and  wherever  there  may  be  danger  from  cut- 
ting use  protecting  pieces.  Use  a  light  hammer  or 
mallet  to  drive  the  leads  into  the  commutator  neck, 
driving  the  bottom  leads  down  with  the  top  leads  and 
the  top  leads  with  the  copper  fillers  or  plugs.  In  no 
case  use  a  tool  for  driving  the  leads  down,  as  they  may 
be  damaged  directly  back  of  the  commutator,  where 
most  broken  leads  occur. 

The  bands  must  be  tight  on  the  iron  and  at  the 
same  time  exert  a  pressure  on  each  coil,  and  when  nec- 
essary to  secure  this  condition,  use  fish  paper  or  fuller- 
board  strips  between  the  top  and  bottom  part^oT  the 
coils  in  the  slot.  Bands  on  the  end  windings  should 
also  be  tight  to  reduce  the  movement  in  the  winding  to 
a  minimum.  Care  however  must  be  taken  not  to  crush 
the  coils. 

A  partly  wound  arniature  is  shown  in  Fig.  2.  It 
1ms  the  IT-pieces  at  the  ends  of  the  slots  and  is  designed 


diamond  part  of  the  coils  lined  up  and  the  loops  down 
in  position.  Do  as  little  hammering  as  is  necessary  to 
get  each  coil  into  position.  Winders  .should  have  a 
mallet  with  a  head  arranged  for  a  raw  hide  insert  on 
one  side  and  soft  rubber  on  the  other.  A  fibre  piece 
approximately  the  width  of  the  slot  and  length  of  the 
core  should  be  used  for  forcing  the  coils  into  the  slots, 
and  a  fibre  drift  for  keeping  the  diamond  part  of  the 
coils  in  place.  In  no  case  should  any  tools  be  used  in 
winding  that  have  sharp  comers  which  may  damage  the 
coils. 

Use  fish  paper  U-pieces  in  the  ends  of  the  slots, 
where  space  has  been  allowed  for  them,  and  wind  the 
coils  in  paper  winding  cells,  if  there  is  sufificient  room. 
The  coils  should  fit  snugly  in  the  slots  to  prevent  vibra- 
tion and,  if  necessarj-,  filling  pieces  of  fish  paper  or 
fuUerboard  should  be  used.  When  coils  have  been  in 
storage  for  some  time,  and  are  dried  out,  heating  will 
soften  them  and  aid  the  winding  considerably.  Add 
additional  insulation  between  the  coils  in  winding, 
vhere  high  voltage  exists,  when  there  is  danger  of  cut- 


*For    further    information    on    coil    layouts    see    Railway 
Operating  Data  in  the  Journal  for  March,  1917. 


to  be  wound  with  a  winding  cell.  The  method  of  plac- 
ing insulating  material  between  the  lower  front  dia- 
mond and  the  leads  of  the  next  coil  is  clearly  shown. 
These  pieces  insulate  the  bottom  leads  from  the  coil 
proper,  and  after  all  the  coils  are  wound,  the  ends  of 
the  insulating  material  are  brought  up  over  the  end 
winding,  and  help  to  insulate  between  the  coils  and  the 
top  lead.  The  projecting  pieces  at  the  end  of  the  dia- 
mond are  also  shown,  as  well  as  the  method  of  placing 
layers  of  material  between  the  top  and  bottom  dia- 
monds. 

A  method  of  putting  down  the  bottom  leads  is 
shown  in  Fig.  3.  The  leads  are  put  down  in  two  layers 
and  a  piece  of  insulating  material  is  placed  between  the 
leads  where  they  go  from  one  to  two  layers.  Braid  is 
interwoven  between  the  leads  directly  back  of  the  com- 
mutator neck. 

.\  completely  wound  armature  is  shown  in  Fig.  4, 
with  the  winding  cells  cut  off  and  part  of  the  top  leads 
in  place.  A  piece  of  heavy  paper  is  used  to  protect  the 
adjacent  coil  where  the  leads  cross.  Tape  is  used  to 
hold  these  pieces  and  the  material  over  the  ends  of  the 
coils  in  place,  and  to  make  a  foundation  for  the  leads. 
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The  leads  are  put  down  in  two  layers,  with  braid  be- 
tween the  leads  of  each  layer  and  between  the  layers. 

SOLDERING 

Be  veiy  careful  in  soldering,  not  to  get  solder  back 
of  the  commutator  neck  and  between  the  leads.  Al- 
though it  may  not  show  up  as  a  short-circuit  at  the  time, 
it  may  work  into  such  a  position  as  to  cause  trouble 
later.  Good  soldered  joints  are  essential  to  avoid  hot 
spots,  running  solder  and  failure.  Alcohol  and^  rosin 
or  other  non-acid  fluxes  should  be  used  in  soldering,  as 
acid  may  get  into  the  winding  and  destroy  the  insula- 
tion. 

BANDING 

Good  armatures  are  often  ruined  by  loose  bands, 
which  break  and  allow  the  coils  to  be  thrown  out  of  the 
slots.  Hot  banding  and  the  use  of  strip  tin  under  the 
core  bands  overcome  this  trouble  to  a  large  extent. 
The  heating  of  the  armature  makes  the  winding  more 
pliable  and  it  makes  a  more  compact  winding  when 
banded.     When  there  is  considerable  give  to  the  wind- 


The  illustrations  show  the  winding  and  banding  of 
a  typical  wire-wound  armature.  Ribbon  and  strap 
wound  armatures  are  similar  and  the  same  precautions 
must  be  taken.  In  case  of  two-piece  strap  coils,  with 
clips  on  the  pinion  end,  it  is  necessary  to  keep  the  coils 
in  place  during  winding,  and  this  can  easily  be  accom- 
plished by  the  use  of  a  winding  jig,  consisting  of  a  cir- 
cular steel  plate,  fitting  over  the  shaft,  and  slotted 
around  the  periphery  to  hold  the  coils  temporarily  at 
the  back  end,  the  same  as  the  commutator  slots  hold 
them  at  the  front  end.  Make  sure  that  the  clips  are 
well  soldered,  thoroughly  cleaned,  and  the  insulating 
material  carefully  placed  between  them.  When  a  de- 
tachable end  bell  is  used,  make  sure  that  it  is  tight  so 
as  to  keep  the  oil  from  working  up  through  the  joint 
into  the  winding. 

DIPPING    AND    BAKING 

The  dipping  and  baking  of  armatures  after  they 
are  wound  has  proved  a  great  advantage,  as  it  fills  up 
all  the  cracks  in  the  coils,  increases  the  life  of  the  insu- 
lation, and  protects  the  winding  from  moisture.  The 
main  points  to  be  watched  in  doing  this  work  are  to  see 


FIG.    1 — P..\X1IIX(: 


ing,  temporar}-  bands  should  be  run  on  first  to  get  the 
coils  down  into  position  before  the  permanent  bands 
are  placed.  The  reason  for  this  is  that  the  first  turns 
of  the  band  will  be  loose  when  the  band  is  completed, 
as  the  last  part  of  the  band  pulls  the  coils  down  farther 
and  releases  the  pressure  on  the  first  turns.  Core  bands 
should  fit  tightly  on  the  iron  and  at  the  same  time  exert 
a  pressure  on  the  coil.  Tin  strips  run  under  the  core 
band  with  sufficient  clips  makes  practically  a  solid  band 
Vvhen  the  wires  are  soldered.  When  extra  insulation 
is  used  under  the  tin  it  .should  be  very  thin,  so  as  to  re- 
duce the  tendency  of  the  band  coming  loose  when  the 
insulation  dries  out  in  ser\-ice. 

Fig.  5  shows  an  armature  during  banding.  All  the 
insulating  material,  the  hood,  the  heavy  paper  on  which 
the  rear  end  band  is  placed,  and  the  tin  strips  and  clips 
are  in  place,  and  the  second  core  band  is  being  run  on. 
The  band  on  the  front  end  of  the  core  is  temporary  and 
i?  used  to  hold  the  coils  down  in  position.  The  four 
anchor  clips  where  each  band  starts  and  ends  are  clearly 
shown. 


that  the  armature  is  cleaned  and  dried  before  dipping, 
that  it  is  well  drained,  and  that  the  varnish  is  baked 
l)roperly. 

FINISHING 

After  dipping  and  baking,  turn  the  comnmtator  and 
apply  the  bands  that  were  omitted.  Undercut  the  com- 
mutator, as  it  helps  commutation  and  flashing.  Use  a 
sharp  cutter  for  this  work,  and  see  that  all  slivers  of 
mica  are  removed  from  between  the  bars.  Finish  the 
completed  armature  by  applying  a  protecting  coat  of 
air-drying  insulating  varnish. 

A  completed  armature  ready  for  assembling  in  the 
motor  frame  is  shown  in  Fig.  6.  It  shows  the  bands 
and  anchor  clii>s,  the  undercutting  of  the  commutator, 
the  heavy  braid  over  the  hood  and  the  commutator  neck, 
;md  the  insulation  over  the  front  mica  V-ring. 

TESTING 

The  armature  should  be  tested  for  short-circuits 
pnd  grounds  to  insure  a  first  class  product.  Make  tests 
during  the  winding,  so  as  to  catch  any  defects  as  they 
occur  and  avoid  extra  work  that  would  be  necessary  if 
the   armature   failed   after  being  completed.     Give  the 
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armature  a  ground  test  after  the  coils  are  wound,  after 
connecting,  and  when  completed.  If  a  running  test  is 
made,  test  the  armature  after  the  run  and  while  hot. 
The  first  test  should  be  higher  than  the  final  one  re- 
quired, and  each  test  between  cut  down  in  value  ac- 
cordingly. Test  the  leads  for  cross  wires  before  the 
t.op  leads  are  connected  to  the  commutator.  Test  the 
armature  for  short-circuits  after  it  is  connected  and 
when  completed. 


When  an  e|)idemic  of  failures  occur  in  the  winding 
department  or  in  service,  analyze  the  conditions  sur- 
rounding the  failure  and  determine  the  cause.  When" 
motors  are  in  service,  a  considerable  length  of  time  may 
be  required  to  arrive  at  the  cause,  as  failures  are  often 
cumulative  and  the  exact  reason  may  not  be  apparent. 
It  is  surprising  what  results  can  be  obtained  and  how 
the  mileage  per  motor  failure  can  be  increased,  when 
each  failure  i.s  carefully  analyzed. 


Foot  Control  of  Safoxy  'Cui's 

As  Exemplified  by  The  Third  Avenue  Safety  Cars  in  New  York 


B.  O.  AUSTIN 

Control   Engineering  Department 
Westinghousc  I'^iectric  &  Mfg.  Company 


TJllC  ADVENT  of  the  .safety  car  principle  has 
made  possible  the  safe  operation  of  a  public  con- 
veyance by  one  man.*  A  scheme  of  operating 
such  cars  which  has  made  the  work  of  the  operator 
more  nearly  automatic  is  in  successful  use  on  the  Third 
Avenue  Railways  of  New  York  City.     This  control  has 


two  ijositive  movements  necessary  to  start  and  stop  the 
car.  They  are — full  down  position  for  power,  up  posi- 
tion for  brake.  An  intermediate  position  corresponds 
to  the  lap  position  of  the  brake  handle,  with  power  off, 
permitting  coasting.  A  further  raising  of  the  foot  ap- 
plies the  brakes.     Lifting  the   foot  entirely   from  the 


many  advantageous   features,   embodying  safety  appli-  lever,  makes  an  emergency  application  of  the  brakes, 

ances  and  simplicity  of  operation.     Rased  on  the  rue-  The  wide  range  of  movement  of  the  foot  pedal  permits 

cessful   operation   of   an   experimental    equipment,    the  very  close  graduation  of  the  air  valve, 

third  Avenue  Railways  Company  has  equifiped  a  num-  The  foot  mechanism  consists  of  a  foot  pedal,  pivoted 


ber  of  its  car  with 
the  foot  control. 
These  cars  were 
formerly  batten- 
cars  ;  and  due  to 
their  being  with- 
drawn from  ser- 
vice, the  idea  was 
conceived  of  con- 
verting them  to 
safety  cars.  As  a 
result  new  trucks, 
new  electrical 
equipment,  and 
general  re-en- 
forcement of  the 
car  body  was  nec- 
e  s  s  a  r  y.  Fig.  i 
shows  the  car 
equipped  and 
readv  for  service. 


I — FOOT   CONTROL   S.AFIirV 


on  a  fulcrum  sui>- 
])()rt  from  the 
lloor.  with  a  foot 
jiad  on  one  end 
and  a  weight,  in 
the  form  of  a  rod, 
nil  the  other  end. 
The  weight  ex- 
tends up  to  about 
the  level  of  the 
brake  vai\e  and  is 
attached  lo  a  bell 
crank,  which 
transfers  the  mo- 
tion of  the  weight 
to  the  brake  valve. 
I'y  this  means  the 
brake  valve  is 
actuated  by  the 
foot.  The  bell 
on    a    shaft,    which 


crank    center    is    mounted    rigidl 
The  electrical  equipment  in  general  consists  of  two     i^  attached  to  a  control  drum,  transferring  the  move 
motors  and  automatic  time  control  arranged  to  operate     inent  to  the  electrical   control   contacts.     This  gives  a 


I'l  conjunction  with  the  foot  control  device.  The 
automatic  time  control  relieves  the  operator  of  the  re- 
sponsibility of  notching  the  control  to  the  running  posi- 
tion, under  all  conditions  of  grade  and  load.  The 
movement  of  the  foot  pedal  is  simple,  there  being  only 


*See  articles  on  this  siisjcet  in  The  Electric  Jouhn.\l  I>v 
G.  M.  Woods,  Oct.,  1018,  p.  300;  N.  H.  Callard,  Jr.,  Oct.,  loig. 
p.  447,  and  E.  A.  Palmer,  Oct.,  loio.  p.  426. 


complete  linkage  of  the  foot  device  to  the  air  brake  and 
control  circuits. 

The  door  mechanism  is  interlocked  with  the  con- 
troller, so  that  the  car  cannot  be  started  with  the  door 
open,  nor  can  the  doors  be  opened  while  power  is  ap- 
l^lied  to  the  motors,  or  while  the  car  is  coasting.  When 
the  foot  lever  is  allowed  to  rise  to  the  emergency  posi- 
tion, however,  or  whenever  the  power  circuits  are  dead, 
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as  for  example,  when  the  trolley  pole  leaves  the  wire, 
the  air  pressure  is  exhausted  from  the  door  mechanism, 
so  that  the  doors  can  be  opened  by  hand,  regardless  of 
the  position  of  the  door  operating  button. 

THE   NEW    SYSTEM    OF   CONTROL 

The  ideal  type  of  automatic  control  for  electric 
cars  is  one  that  will  place  the  motors  on  their  normal 
operating  curve  under  all  conditions  of  grade  and  load, 
without  abuse  to  the  equipment  or  discomfort  to  the 
passengers.  Up  to  the  present  time,  very  little  has  been 
accomplished  on  automatic  acceleration,  which  would 
be  universal  in  its  application.  The  functions  of  the 
automatic  time  control  are  almost  identical  with  the 
much  desired  type  of  automatic  control.  In  the  design 
of  this  control,  all  conditions  of  railway  service  have 
been  accounted  for,  and  hence  the  system  is  universal 
in  its  application. 

Perhaps  one  of  the  most  attractive  features  of  this 
control  svstem  is  the  method  which  is  used  to  obtain  the 


FIG.      2 — FUNDAMENTAL      CON- 
NECTIONS     FOR      AUTOMATIC 
TIME    ACCELERATION 


FIG.    3 — SELECTOR    SWITCH 

showing   foot   drum,  control 
drum,  and  ruvcrscr. 


are  mounted  on  the  base  of  the  sequence  switch.  The 
fuse  is  connected  in  the  lead  which  connects  the  main 
motor  field  to  the  sequence  switch  motor  and  is  used  as 
a  protection  against  open  circuit  in  the  main  motor 
field.  The  resistance  tube  is  used  to  calibrate  the  speed 
of  the  motor. 

The  fundamental  connections  of  the  sequence 
switch  are  shown  in  Fig.  2.  The  field  of  the  small 
motor  is  in  parallel  with  the  field  of  the  main  motor, 
and  for  this  reason  the  current  which  passes  through 
the  field  of  the  small  motor  is  proportional  to  the  cur- 
rent through  the  field  of  the  main  motor.  The  field 
strength  of  the  small  motor,  therefore,  is  dependent  on 
the  load  on  the  main  motors.  Increased  field  strength 
iT:eans  decreased  speed  of  the  small  motor,  and  conse- 
quently a  decreased  rate  at  which  the  copper  contacts 
on  the  drum  are  moved  under  the  fingers,  producing  an 
increased  time  between  notches  in  the  sequence  chart. 
The  inverse  is  true  when  there  is  a  weak  motor  field. 
Ihe  armature  of  the  small  motor  is  also  connected  to 
the  field  of  the  main  motor.  Hence,  any  drop  across 
the  main  motor  field  affects  the  voltage  across  the  arma- 
ture of  the  small  motor,  and  for  this  reason  the  small 
motor  armature  speed  is  also  regulated  in  accordr.nce 


t.me  element  on  automatic  acceleration.  The  practice 
in  the  past  to  secure  time  element  in  the  control  has 
been  the  use  of  a  current  limit  reky,  to  arrest  the  notch- 
ing when  a  definite  current  value  is  reached  and  start  it 
again  when  the  current  falls  below  a  predetermined 
value.  The  use  of  this  relay  is  limited  to  easy  grades, 
smooth  cui-ves  and  no  overloading.  To  overcome  these 
objections,  a  motor  driven  sub-master  controller  is  used, 
v.hich  is  known  as  the  sequence  switch.  Copper  con- 
tacts on  the  drum  are  arranged  to  operate  the  contactors 
in  accordance  with  the  sequence  chart  shown  in  Fig.  5. 
1  he  drum  contacts  engage  with  a  set  of  steel  control 
fingers  mounted  on  an  insulating  base  adjacent  to  the 
drum.  A  small  bevel  gear  fastened  to  the  drum  shaft, 
engages  with  a  second  bevel  gear  fastened  to  a  small 
shaft  equipped  with  a  worm  drive,  which  is  d^riven  by 
i.  1/12   hp  motor.     A    small    fuse   and    resistance   tube 


FIG.    4 — SWITCH    GROUI' 

Showing  arc  boxes  and  sef|ncnce  relay. 

Viith  the  load  on  the  main  motor.  This  combination  of 
connections  gives  both  field  and  armature  control  over 
the  small  motor  in  accordance  with  the  load  on  the  main 
motors  during  the  period  of  acceleration. 

The  new  type  of  automatic  control  consists  of  the 
following  principal  pieces  of  apparatus : — selector 
switch,  switch  group,  sequence  switch,  control  resistor, 
sequence  relay,  over-load  trip  and  main  resistor. 

The  selector  switch,  shown  in  Fig.  3,  resembles 
:'  master  controller  and  in  some  degree  performs  that 
function. »  This  switch  consists  of  a  foot  switch  drum ; 
a  control  drum,  which  establishes  the  first  notch  series 
position  and  full  parallel  position  of  the  control ;  and 
a  main  reverse  drum,  which  handles  the  main  circuits 
and  is  used  to  reverse  the  fields  of  the  main  motor. 
The  control  and  reverse  drums  are  rigidly  connected  to- 
gether. 

The  switch  group.  Fig.  4,  consists  of  five  magnetic 
switches,  the  overload  trip  and  the  sequence  relav. 
The  switches  and  relays  are  connected  in  the  main  and 
control  circuits  as  shown  in  Fig.  5. 

The  sequence  relay  is  an  interlocking  device  which 
c-irries  three  simple  contacts  and  is  connected  in  the 
circuit   as   .shown   in    Fig.    5.     The   overload   trip   is  a 
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standard  piece  of  apparatus  commonly  used  with  all  re- 
mote control  equipments. 

The  switch  group  and  the  main  resistor  are  the 
only  parts  of  the  control  which  are  mounted  underneath 
Ih.e  car.  The  switch  group  is  placed  between  the  axles 
and  the  main  resistor  on  the  outside.  The  selector 
switch  is  mounted  at  the  usual  location  of  the  master 
controller  on  the  platform.  The  sequence  switch  and 
the  control  resistor  are  mounted  at  convenient  places 
underneath  the  seats. 

To  operate  the  car  after  the  main  switch  and  con- 
t!ol  switch  have  been  closed,  the  selector  switch  is 
placed  on  the  first  or  switching  notch  in  the  forward 
position,  assuming  that  the  car  is  to  run  forward.  The 
foot  pedal  is  then  depressed  to  the  full  down  or  "on" 
position,  which  will  close  the  foot  switch  in  the  top  of 
tb.e  selector  switch.  Then  the  LS^  switch  will  come  in, 
g'ving  the   first  notch   in   series.     The  selector  switch 


FIG.   5 — .V.MN    .XNl)   CONTKOI.   SCHEM.VTIC   DIAC.K.VM 

should  then  be  thrown  to  full  series  position.  The  se- 
([uence  switch  drum  moves  in  one  direction  only  and 
.slops  immediately  when  the  foot  pedal  is  raised  durmg 
the  period  of  acceleration.  When  the  foot  peda!  is 
again  pushed  down  to  the  "on"  position,  the  sequence 
switch  drum  moves  around  at  a  high  rate  of  speed  to 
the  first  position,  all  switches  except  the  LS^  being  held 
out,  in  the  meantime,  by  the  sequence  relay.  The  se- 
(|uence  relay  picks  up  at  the  first  position  and  applies 
normal  voltage  to  the  small  motor.  The  control  is  then 
notched  up  until  the  drum  is  stopped  by  the  series  or 
parallel  finger,  depending  on  the  position  of  the  selector 
switch  handle. 

After  full  series  running  of  the  motor  is  obtained, 
the  motor  selector  switch  is  thrown  to  the  full  parallel 
or  No.  3  position.  This  step  can  also  be  obtained  with 
the  foot  switch  closed.  The  sequence  switch  motor 
then  starts  up  again  at  )iormal  operating  speed,  bring- 
ing in  the  LS„  switch,  dropping  out  the  i?,  switch  and 
llie  LS^   switch,  and  bringing  in  the  G  svi^itch  for  the 


lirst  parallel  notch.  The  drum  of  the  sequence  switch 
will  keep  on  going  at  a  rate  of  speed  determined  by  the 
grade  and  curve  conditions,  bringing  in  the  R^  switch 
for  the  full  parallel  notch,  at  which  point  the  sequence 
switch  drum  will  stop. 

Since  the  acceleration  is  entirely  automatic,  for 
normal  operation  the  selector  switch  handle  can  be  left 
ip.  the  full  parallel  or  other  desired  position,  and  the  car 
started  and  stopped  solely  by  the  use  of  the  foot  lever. 
The  car  will  then  accelerate  automatically  and  continue 
to  run  at  the  desired  speed  until  either  the  foot  lever  or 
the  selector  switch  handle  is  moved.  It  may  be  neces- 
sary, during  times  of  blocked  traffic,  to  keep  the  selector 
switch  on  the  switching  or  No.  i  notch. 

For  tangent  level  track  conditions,  the  sequence 
(lium  requires  approximately  seven  seconds  for  a  com- 
])Iete  cycle.  This  time,  for  the  same  conditions,  can 
only  be  changed  by  changing  the  inherent  characteris- 
tics of  the  switch  by  means  of  the  resistance  tubes  in 
the  motor  field  circuit  as  shown  in  Fig.  5. 
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In  the  reverse  direction  of  running,  there  are  the 
switching  and  full  series  notches,  and  the  emergency 
braking  notch.  To  get  from  the  forward  to  the  reverse 
position,  it  is  necessary  to  release  or  open  the  foot 
switch,  as  it  is  interlocked  with  the  shaft  of  the  selector 
switch.  This  also  holds  true  for  the  emergency  posi- 
tion. To  obtain  emergency  braking  the  foot  switch 
must  be  opened  and  the  handle  of  the  selector  switch 
thrown  to  the  emergency  position.  This  disconnects 
the  line  voltage  and  connects  the  motors  in  series 
through  all  the  resistance,  and  the  car  is  reduced  in 
speed  by  the  dynamic  action  of  the  motors.  The  selec- 
tor switch  handle  automatically  locks  itself  in  this  emer- 
gency position,  requiring  the  operator  to  use  both  hands 
!'»  return  the  handle  to  its  off  position. 

The  new  ideas  involved  in  this  type  of  control  are 
the  use  of  the  foot  mechanism,  interconnecting  the  mo- 
tor sequence  switch  with  the  main  motor  circuit-;,  so 
a=  to  produce  automatic  time  acceleration,  and  the  ar- 
rangement of  the  main  circuits  and  main  resistor  so 
as  to  obtain  five  notches  on  the  control  with  the  use  of 
only  five  main  switches. 
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J.  M.  LABBERTQN 

Motor  Engineering  Dept., 
Westinghouse  Electric  &  Mfg.  Company 

IPPING  AND  BAKING  motors  that  have  been     motors,  the  procedure  to  be  followed  differs  from  that 
service  will  give  renewed  life  to  the  insula-     to  be  follow^ed  by  the  user  of  small  motors.     And  even 
tion.     The  varnish  will  till  up  cracks  and  pores     in  the  case  of  small  motors,  the  procedure  is  not  the 


and  present  a  clean  glossy  surface  to  which  dirt  does 
not  cling  and  which  will  shed  and  is  impervious  to 
water.  Dipping  of  coils  alone  will  not  give  this  re- 
sult because  the  manipulation  of  the  coils  during  wind- 
mg  will  usually  crack  the  baked  coating.  The  com- 
pletely wound  unit,  armature  or  field,  should  be  given 
the  treatment. 

Some  advantages  of  dippin.g  and  baking  the  com- 
plete unit  are  as  follows  : — 

/ — The  coils  are  cemented  securely  into  the  slots  by 
the  varnish  and  are  therefore  less  subject  to  individual 
vibration. 

2 — All  cracks  and  pores  are  filled  up,  thereby  pre- 
venting deposition  of  dirt  or  moisture. 

S — Loose  punchings  or  laminations  are  sealed  and 
vibrations  prevented. 

4 — The  armature  is  completely  covered  with  a  rust 
preventing  coat.  Rust  is  a  conductor  of  electricity  and 
sometimes  finds  its  way  into  the  windings. 

5 — A  smooth  surface  is  formed  which  prevents 
creepage. 

6 — Any  insulation  which  may  have  been  bruised  or 
cracked  during  handling  or  winding  is  restored  to  good 
condition. 

7 — The  solvent  of  the  varnish  being  benzine,  all  oil 
or  grease  is  thoroughly  cleaned  from  the  armature  by 
dipping  in  this  varnish. 

A  Striking  example  of  whit  can  be  accomplished 
in  the  way  of  reducing  failures  by  means  of  dipping 
and  baking  is  shown  by  Fig.  i.  These  curves  show 
car-miles  per  armature  and  field  failure  plotted  against 
years.  It  will  be  noted  that  a  decided  improvement 
starts  in  the  year  1908,  at  which  time  the  master  me- 
chanic in  charge  of  this  property  instituted  a  systematic 
schedule  of  dipping  and  baking  his  motors.  It  is 
significant  that  street  railways  operating  in  the  ten 
largest  cities  in  the  United  States  dip  and  bake  their 
motors.  Also  nearly  all  electrified  steam  railroads  in 
the  United  States  follow  the  same  practice. 

In  general,  all  armatures  or  fields  should  be  cleaned 
by  blowing  out  with  compressed  air  and  in  cases  where 
the  air  does  not  seem  sufficient,  they  should  be  cleaned 
with  gasoline.  They  should  then  be  dried  by  baking 
and  dipped  while  hot.  No  general  set  of  instructions 
can  be  given  to  cover  the  dipping  and  baking  of  arma- 
tures without  incorporating  much  information  which 
would  be  of  little  use  to  the  user  of  one  particular  size 


same  if  the  construction  of  the  armature  differs  m  cer- 
tain details.  Different  localities  and  service  conditions 
require  different  methods  of  dipping  and  baking. 
However,  the  fundamental  principles  of  the  operation 
are  the  same  for  all  sizes  and  types  of  construction,  and 
all  localities  and  conditions  of  service.  The  procedures 
differ  only  in  the  method  of  immersion  and  draining,  the 
temperature  and  length  of  time  of  baking,  and  the 
number  of  dips  and  bakes. 

There  have  been  cases  where  the  dipping  and  bak- 
ing has  been  done  using  the  wrong  kind  of  varnish. 
As  a  result  the  coils  were  not  filled  but  merelv  coated 


FIG.    I — INCRE.\SEn  LIFE  OF   WINDINGS   DUE  TO  DIPPING   AND   li.AKING 

vvith  a  hard  glossy  coat.  This  was  all  right  so  far  as 
U  went,  but  for  the  same  expenditure,  a  treatment  could 
have  been  given  which  would  impregnate  as  well  as 
coat,  consequently  this  operator  was  not  getting  the 
most  for  his  money.  In  another  case,  the  operator 
rolled  the  armatures  in  a  large  pan  containing  the  var- 
nish and  then  baked  them.  No  cleaning  or  drying  of 
the  armatures  was  done  before  the  rolling,  consequently 
all  the  dirt  and  moisture  was  sealed  into  these  arma- 
tures. 

While  there  is  nothing  difficult  or  intricate  about 
dipping  and  baking,  it  is  verj'  easy  to  do  improperly. 
Therefore,  anyone  planning  to  do  dipping  and  baking 
should  write  to  the  manufacturer  of  his  motors  for 
proper  instructions  as  to  the  correct  procedure  in  the 
or  type  of  motor.     That  is,  in  dipping  and  baking  large    case  of  his  particular  equipment. 
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A.  H.  CANDEE 

General  Enginferiiig  Dcpt., 
W'estiiighouse  Electric  &  Mfg.  Company 

THE   SiiR\  ICK   which   may  be  expected  of  any  [)encls  upon  manufacturing  well  and  at  a  mhiinium  cost, 

equipment  is  measured  directly  by  the  amount  of  which  necessitates  adequate  tool  equipment.     A  number 

care  which  is  exercised  in  its  maintenance.     At  of  cases  have  been  brought  to  light  where  the  operat- 

present,  the  tendency  is  to  reduce  maintenance,  on  ac-  ing  company's  records  have  apparently  shown  a  sdving 

count  of  the  high  cost  and  scarcity  of  labor,  together  by  manufacturing  some  of  their  own  spare  parts,  but  a 

with   the  difliculty   of   obtaining   repair  parts.     But   to  detailed  cost  study  revealed  the  fact  that  all  of  the  costs 


r.eglect  this  important  phase  of  such  an  important  in- 
dustry as  the  electric  railway  violates  sound  business 
principles. 

Few  of  the  electric  railways  of  this  country  keep 
accurate  maintenance  records.  It  is  hard  for  those 
who  do  not  keep  such  records  to  determine  the  exact 
financial  return  which  is  effected  by  keeping  equip- 
ments in  the  best  of  condition.  If  every  man  re- 
sponsible for  the  upkeep  of  equipments  realized  de- 
finitely the  waste  entailed  by  poor  maintenance,  equip- 
ments would  be  kept  in  better  condition. 

The  fundamentals  to  be  considered  in  the  operation 
(.f  railway  equipment  are: — 

/ — To  keep  the  cars  on  the  road.  It  is  only  when 
cars  are  in  revenue  service  that  they  i)ay  dividends  on  the 
investment. 

2 — To  forestall  trouble  on  the  road  by  making. repairs 
before  failure  can  result. 

J — To  maintain  all  parts  in  such  condition  that  the 
depreciation  is  a  minimum. 

The  exact  amount  of  work  necessary  to  keep  the 
equipments  up  to  the  mark  is  hard  to  determine.  For 
this  reason,  every  master  mechanic  must  study  his  in- 
dividual conditions,  as  these  vary  with  service,  class  of 
motormen,  class  of  labor,  accessibility  of  equipment, 
climate,  and  shop  facilities.  It  is  obvious  though,  that 
when  the  apparatus  is  in  first  class  shape,  the  labor  re- 
(|uired  to  keep  it  in  this  condition  will  be  a  minimum; 
therefore,  the  first  step  toward  economical  mainten- 
ance is  to  get  the  equipments  into  the  best  of  condition. 
A  well  stocked  supply  room  is  a  necessity,  in  view 
of  long  deliveries  and  shipping  troubles.  The  invest- 
ment in  such  material,  even  at  the  present  prices,  is 
more  than  offset  by  having  repair  material  on  hand 
v.hen  needed.  There  is  always  the  danger  of  extrava- 
gance under  this  condition  but  a  simple  system  of 
checking  out  material  and  salvaging  worn  parts  will 
curb  this  tendency. 

Control  parts  are  often  manufactured  in   the  op- 


which   were   legitimately   chargeable  to   manufacturing 
were  not  included. 

In  the  maintenance  of  equipment,  a  definite  inspec- 
tion program  should  be  rigidly  followed,  this  program 
being  based  either  on  car  mileage  or  time.  Two  classes 
of  inspection  should  be  scheduled,  namely: — 

Light  Inspection —  Periodic  inspection  should  be  made 
of  all  wearing  and  burning  parts,  lubi  icating,  tightening 
up.  replacing  contacts,  battiii  inspection,  and  similar 
minor  repairs,  with  sufficient  frequency  to  insure  against 
trouble  on  the  road.  A  few  hours  in  the  barn  should 
be  all  that  is  necessary  to  make  such  an  inspection. 

Heavy  Inspection — Every  fourth  or  fifth  inspection 
period  should  be  made  the  occasion  of  a  very  thorough 
examination  of  all  parts  of  the  equipment.  Covers  should 
all  be  removed,  all  parts  opened  up  and  examined,  dust 
and  dirt  cleaned  out,  insulating  surfaces  all  wiped  off  and 
shellaced,  if  not  smooth.  Worn  parts  which  are  difficult 
to  replace  should  be  taken  care  of  at  this  inspection 
rather  than  at  light  inspections  if  permissible  to  let  them 
run   tliat  long. 

A  number  of  properties,  especially  the  large  ones, 
such  as  steam  roads,  subways  and  elevated  railways,  use 
a  card  for  checking  the  inspection.  As  soon  as  the  car  is 
brought  on  to  the  insjiection  tracks  a  card  is  inserted 
in  a  metal  frame  and  hung  at  one  end  of  the  car,  list- 
ing the  various  items  to  be  inspected.  Each  man  after 
inspecting  his  assigned  portion  of  the  equipment,  signs 
and  dates  the  corresponding  items  on  the  inspection  tag. 
These  inspection  cards  are  kept  on  file  and  in  case  of 
trouble,  the  responsibility  for  the  trouble  can  be  de- 
finitely placed.  For  heavy  inspection  the  color  of  the 
card  is  usually  changed,  rather  than  the  form.  Thus, 
if  the  regular  inspection  tag  is  white,  a  blue  card  could 
be  used  to  indicate  a  heavy  inspection.  In  case  a  car 
came  in  for  some  particular  trouble  a  red  card  might 
be  used  to  indicate  that  only  the  items  checked  off  were 
to  be  inspected  and  repaired.  This  card  system  forms 
r  valuable  check  on  the  men  and  insures  that  none  of 
the  equipment  is  overlooked.  It  is  surprising  that  more 
of  the  smaller  roads  do  not  make  use  of  so  simple  a  sys- 


erating  company's  own  shops.     This  is  satisfactory  for     tem  of  checking  the  inspections. 


emergency  work,  but  is  not  good  practice  in  general. 
Grades  of  material  and  workmanship  are  generally  in- 
ferior to  those  of  parts  manufactured  by  established 
manufacturing  companies  and  the  cost,  logically,  must 
be  higher  when  made  in  small  quantities  than  when 
made  in  quantities  by  a   company  whose  business  de- 


Heavy  overhauling  must  be  made  periodically  in 
order  to  keep  an  equipment  from  depreciating  un- 
necessarily. These  overhauls  are  required  because 
there  is  always  wear  and  deterioration  which  cannot  be 
cared  for  even  by  careful  heavy  inspections.  The 
period  between  such  heavv  overhauls  varies  consider- 
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ably,  with  operating  conditions,  but  is  generally  from 
one  to  two  years.  By  careful  planning,  the  work  in 
the  shcps  may  often  be  balanced  so  that  a  minimum 
number  of  men  may  be  employed  continuously  and  at 
the  highest  efficiency.  Equipments  which  are  subjected 
to  the  most  severe  winter  conditions  are  preferably 
overhauled  during  tlie  late  summer  or  fall,  while  those 
used  for  heavy  summer  traffic  to  resorts  and  amuse- 
ment parks  should  be  taken  care  of  during  the  winter 
or  spring. 

In  overhauling  an  equipment  all  apparatus  should 
be  taken  down  and  taken  apart,  whether  it  appears  to 
need  attention  or  not.  It  is  often  found  that  wear  has 
occurred  in  unsuspected  places,  that  dirt  has  accumu- 
lated on  insulation  in  places  where  it  cannot  be  seen, 
and  that  loosening  has  occurred  due  to  the  incessant 
jarring.  By  taking  the  apparatus  apart  and  out  into 
the  daylight  a  much  more  thorough  examination  may 
be  made. 

The  maintenance  of  a  control  equipment  involves 
close  attention  to  details.  Each  piece  of  apparatus  is 
constructed  for  a  different  purpose  and  its  construction 
requires  that  different  items  be  watched.  The  most  im- 
portant parts  to  be  maintained  in  a  drum  controller  are 
the  fingers  and  segments,  while  in  a  circuit  breaker  the 
tripping  mechanism  should  be  most  carefully  watched. 
Numerous  articles  have  appeared  describing  methods 
of  caring  for  individual  pieces  of  equipment  and  it  is 
impossible  to  include  the  entire  subject  matter  here  for 
the  lack  of  space.  However,  a  general  resume  will  be 
made  giving  some  of  the  most  important  considerations. 

DRUM    CONTROL 

First  consider  the  drum  control  equipment  in  its 
simplest  form.  Such  an  equipment  consists  of  trolleys, 
hghtning  arresters,  fuse  box,  circuit  breaker,  drum  con- 
1  rollers  and  resistor. 

Trolleys — Wear  of  the  wheel  and  wheel  bearing 
are  the  greatest  sources  of  trolley  trouble.  An  arcing 
wheel  means  not  only  more  rapid  wheel  wear  but  dam- 
age to  the  trolley  wire  itself,  which  is  often  overlooked 
by  the  equipment  maintenance  men  because  an  entirely 
different  department  has  charge  of  the  overhead.  Worn 
wheels  and  bushings,  crooked  poles,  and  worn  bearings 
in  the  base  will  cause  wheels  to  leave  the  wire,  with 
the  possibility  of  damage  to  the  overhead  equipment 
and  to  the  trolley  pole.  Keep  the  wheels,  wheel  bear- 
ings, base  bearings,  rope  and  retriever  in  good  condition 
— it  will  pay  in  the  long  run. 

Lightning  A nesters — It  is  difficult  to  tell  whether 
r.n  arrester  is  properly  performing  its  duties  or  not.  An 
absence  of  trouble  gives  the  only  indication,  and  such 
absence  must  be  based  on  records  of  previous  years. 
Even  with  arresters  in  the  best  of  condition  there  is  no 
absolute  protection  from  a  direct  lightning  stroke.  For 
general  inspection  purposes,  however,  a  visual  inspec- 
tion must  be  relied  upon,  for  the  average  road  does  not 
have  the  necessary  equipment  to  make  a  high-voltage, 
high-frequency  test.     See  that  the  wire  connecting  to 


the  trolley  and  also  the  ground  wire  are  well  connected 
at  all  points;  that  tliere  are  the  minimum  number  of  , 
bends  in  these  wires  and  that  all  necessary  bends  have  a 
large  radius;  that  all  parts  are  clean  and  free  from . 
dust;  and  that  spark  gaps  (if  part  of  the  arrester)  are 
properly  set  and  clean.  With  an  electrolytic  type  of 
arrester,  even  more  attention  must  be  given.  The  elec- 
trolyte must  be  properly  maintained  and  must  be  kept 
from  freezing.  It  is  customaiy  to  remove  this  type  of 
arrester  from  cars  during  the  winter  months  where 
freezing  is  likely  to  occur. 

Fuse  Box — Where  a  fuse  box  is  used  with  drum 
control  equipment,  the  inspector  must  see  that  all  parts 
are  clean,  that  no  creepage  is  occuring  to  ground,  and 
that  the  fuse  is  in  good  condition  and  clamped  tightly. 

Circuit  Breakers — In  order  to  afford  the  maximum 
protection  to  an  equipment,  the  circuit  breakers  must 
be  kept  in  the  best  of  operating  condition, and  the  set- 
ting should  be  kept  at  the  predetermined  point.  This 
point  should  be  as  low  as  operating  conditions  will  per- 
mit and  should  never  be  more  than  200  percent  of  the 
total  motor  current  (hour  rating)  passing  through  the 
breaker.  It  will  be  found  that  a  number  of  motormen 
consistently  try  to  increase  breaker  settings,  so  that  fre- 
quent checks  must  be  made. 

Blowout  coils  should  be  examined  for  evidence  of 
heating;  all  parts  examined  to  detect  wear,  chafing  or 
looseness;  contacts  trimmed  up  (or  replaced  if  badly 
burned)  ;  arc  chutes  repaired  with  arc  cement  or  re- 
placed if  necessary;  all  parts,  especially  the  insulation, 
cleaned;  and  a  few  drops  of  oil  applied  at  wearing 
points  to  prevent  rusting,  care  being  taken  to  see  that 
no  surplus  oil  is  left  to  gather  dirt. 

It  is  often  difficult  to  check  the  setting  of  a  circuit 
breaker  while  in  its  regular  position  on  the  car.  It  is 
most  desirable  to  check  in  this  way,  if  possible,  but  if 
not,  the  circuit  breaker  should  be  removed  from  the 
car  and  checked  at  the  bench.* 

Drum  Controller — The  extensive  use  of  the  drum 
type  of  controller  for  street  railway  work  makes  this 
the  most  familiar  of  all  pieces  of  control  equipment. 
Its  maintenance  is  simple  and  will  require  no  detailed 
comments,  as  the  chief  maintenance  problems  are  to 
keep  the  finger  tension  and  lift  correct  and  to  keep  the 
contacts  and  contact  plates  smooth  and  well  lubricated. 
The  finger  tension  should  be  about  eight  pounds  per 
inch  width  (thus  a  one-half  inch  finger  should  have  a 
tension  of  4  lbs.)  and  the  lift  should  be  between  1/16 
and  3/16  inch.  Care  should  be  taken  to  see  that  lubri- 
cant is  not  applied  too  heavily  and  all  excess  is  wiped 
off  the  edges  of  fingers  and  segments. 

Resistors — In  general,  resistors  require  verj'  little 
attention.  It  is  well,  however,  to  have  a  definite  in- 
spection program  for  this  apparatus  and  not  trust  to  a 
casual  glance.  The  main  sources  of  trouble  lie  in  de- 
struction  of   insulation,   broken   grids,   and   overheated 

*A  convenient  bench  testing  outfit  is  shown  in  Fig.  I, 
Railway  Operating  Data  for  Sept.   1917,  p.  369. 
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grids.  The  first  of  these  can  usually  be  anticipated  and  • 
steps  taken  to  correct  trouble.  The  installation  of 
splash  shields,  if  carefully  placed,  will  do  a  great  deal 
toward  the  elimination  of  insulation  breakdowns, 
which  generally  result  from  deposits  of  dirt  and  salt 
encrustations.  In  one  city,  where  a  great  deal  of  salt 
is  used  during  the  winter  to  keep  the  track  switches 
open,  it  is  found  necessary  to  provide  eighteen  inches 
of  creepage  distance  along  the  oak  supporting  timbers 
from  the  resistor  frames  to  grounded  portions  of  the 
car  body. 

Broken  grids  are  usually  detected  by  running  a 
hammer  handle  along  the  sides  of  the  grids  and  detect- 
ing broken  ones  by  sound. 

Overheating  of  resistors  in  service  will  often  result 
in  sagging  of  the  grids.  This  may  cause  grid  break- 
'  age  or  the  convolutions  may  come  together  which  re- 
duces the  resistance  value.  As  the  sagging  generally 
(jccurs  in  the  middle  of  the  grids,  where  the  heat  is  not 
radiated  as  fast  as  at  the  edges,  it  is  not  easily  de- 
tected. Such  cases  usually  require  replacement,  and  if 
they  occur  frequently,  the  method  of  operation  should 
be  checked  and  the  capacity  of  the  resistor  increased  if 
i:ecessary. 

Keep  resistors  and  resistor  insulation  clean  and  the 
tie  rods  tight  and  they  will  operate  with  a  minimum 
of  trouble. 

LINE   SWITCH    EQUIPMENTS 

The  addition  of  a  line  switch  to  a  drum  control 
equipment  does  not  materially  alter  its  inspection  pro- 
gram. The  line  switch  generally  replaces  the  circuit 
breakers  and  is  mounted  under  the  car,  being  operated 
by  means  of  a  set  of  control  contacts  at  the  controller. 
The  inspection  and  maintenance  differ  from  the  drum 
control  equipment  only  by  the  removal  of  the  circuit 
breakers  and  the  addition  of  these  control  contacts,  the 
line  switch,  and  control  switches.  With  the  electro- 
]ineumatically  operated  line  switch  are  included  tlie 
imeumatic  details,  such  as  reducing  valve,  air  strainer 
and  reservoir.  The  maintenance  of  the  unit  switch 
(the  line  switch  is  a  unit  switch)  is  described  in  the 
following  text. 

REMOTE  CONTROL  OR  MULTIPLE-UNIT  EQUIPMENTS 

The  widespread  use  of  this  type  of  equipment  has 
demonstrated  that  its  maintenance  is  scarcely  more  dif- 
ficult than  that  of  the  drum  type  of  equipment. 
W'hile  the  pieces  of  apparatus  appear  more  intricate 
and  require  a  better  understanding  of  their  purpose  and 
operation,  the  average  maintenance  man  has  progressed 
in  the  last  decade  and  is  easily  capable  of  caring  for 
them.  A  simple  HL  control  equipment  consists  of 
trolleys,  lightning  arrester,  fu-^e  box,  main  switch,  con- 
trol box,  main  resistor,  cent,  >1  switches,  master  con- 
trollers, junction  boxes,  control  resistor  and  pneumatic 
details.  The  control  box  includes  eight  unit  switches, 
the  overload  relay,  reverser,  and  cutout  switch.  For 
larger  equipments,  two  additional  unit  switches  are  re- 
quired and  these  are  added  in  a  separate  frame,  known 


as  the  line  switch.  For  multiple  car  operation  it  is 
only  necessarj'  to  add  receptacles  and  jumpers  for 
carrying  the  control  circuits  from  car  to  car,  although 
details  are  sometimes  added  for  carrying  the  bus  line 
between  cars. 

The  details  comprising  the  HL  equipment  have 
been  given,  as  this  is  the  simplest  remote  control  system 
now  available  for  the  average  car.  Special  features, 
such  as  means  for  operating  in  train  with  other  spe- 
cial control  equipments,  the  use  of  battery  control  cir- 
cuits, automatic  acceleration,  and  other  such  features, 
will,  in  general,  be  covered  by  the  maintenance  methods 
described  for  this  standard  equipment. 

The  trolleys,  lightning  arrester,  fuse  box,  and  re- 
sistor should  be  inspected  and  maintained  as  described 
under  "Drum  Controller". 

The  Main  Switch  requires  very  little  attention,  but 
should  not  be  neglected  on  account  of  it.  The  jaws 
should  be  kept  clean  and  should  fit  the  knife  blade  well. 
y\ll  dust  should  be  removed  and  parts  inspected  for 
heating. 

The  Unit  Switches,  mounted  in  the  control  box, 
will  be  found  to  require  the  most  attention,  because 
they  are  subjected  to  the  heaviest  duty.  The  contacts 
should  be  lubricated  lightly  at  each  inspection  with  a 
thin  coating  of  vaseline,  taking  care  not  to  get  it  on 
the  arc  sides  or  other  places  where  it  will  gather  dust, 
dirt  or  copper  particles.  Worn  contacts  should  be  re- 
I'laced.  Arc  sides  should  be  examined,  cleaned  and  filled 
with  arc  cement  if  any  deep  burns  appear.  Bearing  pins 
should  be  watched  for  signs  of  cutting,  which  may  be 
detected  by  the  appearance  of  filings  deposited  on  the 
piston  insulator.  Interlocks  should  be  examined  for 
wear  and  the  finger  tension  should  be  kept  between 
three  and  five  pounds.  A  convenient  method  of  deter- 
mining finger  pressure  is  by  the  use  of  an  accurate 
spring  scale  fitted  with  a  stirrup  to  fit  over  the  bearing 
point  of  the  interlock  finger. 

At  heavy  inspection  periods,  the  cylinders  and 
bearing  pins  should  be  lubricated  with  a  few  drops  of 
HL  oil  (a  good  grade  of  engine  oil  will  be  satisfactory 
if  HL  oil  is  not  available),  the  switch  studs  should  be 
examined  for  heating  and  tightened,  all  insulating  sur- 
faces wiped  clean,  and  magnet  valves  should  be  gauged 
and  adjusted  to  have  the  correct  air  gaps  (the  equip- 
ment manufacturer  will  supply  the  data  for  gauging). 
Reversers — The  drum  type  of  reverser  is  a  source 
of  considerable  trouble,  yet  its  simplicity  and  relatively 
low  cost  recommends  its  use  in  place  of  unit  switches, 
four  of  which  would  be  required  per  motor  if  the  mo- 
tors were  to  be  reversed  by  means  of  switches.  But  if 
the  proper  attention  is  given  the  drum  tyjie  reverser,  its 
troubles  may  be  minimized. 

The  chief  cause  of  reverser  l)urnoufs  lies  in  "buck- 
ing" the  motors  and  then  throwing  the  reverser  to  the 
running  position  before  the  generated  current  has  died 
out.  As  the  reverser  opens  the  motor  circuits,  in  throw- 
ing from  one  position  to  the  other,  the  flash  resulting 
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from  opening  this  generated  current  causes  large 
volumes  of  gas  to  be  released  within  the  reverser 
covers.  This  hot  gas  is  a  very  good  conductor  and 
allows  further  flashovers  between  other  contact  plates 
and  fingers,  with  serious  burns  as  a  result. 

Motormen  buck  the  motors  most  frequently  during 
very  cold  weather,  when  the  air  brakes  freeze  up,  and 
for  this  reason  reversers  should  be  most  carefully 
watched  during  extremely  cold  weather.  If  beads  ap- 
pear at  the  edges  of  contact  plates  or  on  fingers,  they 
should  be  filed  off  carefully.  Charred  surfaces  of  the 
drum  between  contact  plates  should  be  scraped  and 
shellaced  and  all  parts  be  kept  free  from  dust  and 
copper  cuttings. 

A  recent  improvement  in  reversers  consists  of 
placing  flash  barriers  around  the  drums.  These 
barriers  prevent  the  gases  caused  by  flashing  from 
forming  a  direct  path  to  adjacent  contacts  and  thus 
eliminate  a  large  part  of  the  trouble.  In  placing  con- 
tact plates  on  a  drum,  great  care  must  be  taken  to  see 
that  they  bear  the  correct  relation  to  the  other  seg- 
ments. It  is  essential  that  the  interlock  contacts  be 
correctly  placed,  as  a  variation  of  1/16  of  an  inch  may 
cause  the  reverser  to  burn.  In  replacing  such  contacts 
it  is  necessary  that  the  manufacturer's  drawing  be 
followed  closel}'. 

Master  Controllers — The  maintenance  of  a  master 
controller  is  not  difficult,  but  there  are  a  few  points 
which  deserve  careful  attention.  The  fingers  and  con- 
tact segments  should  be  watched  and  their  pressure  and 
lift  kept  up  to  standard.  Too  great  a  lift  may  result  in 
stubbed  fingers  and  too  light  a  pressure  cause  loss  of 
contact,  especially  with  a  drum  which  is  slightly  eccen- 
tric. Contacts  should  be  watched  carefully  for  wear 
and  if  the  ends  burn  back,  they  should  be  built  out  to 
make  contact  at  the  proper  point.  A  forcible  example 
of  this  was  recently  brought  to  light  on  one  property, 
where  one  of  the  switches  would  burn  very  rapidlv  and 


for  no  apparent  reason,  as  the  arcing  duty  was  supposed 
to  be  very  light.  It  was  found  upon  investigation  that 
the  master  controller  had  worn  back  so  far  that  during 
transition  from  series  to  parallel  this  switch  would  open 
the  circuit  momentarily.  Building  out  the  controller 
segment  entirely  eliminated  the  trouble. 

Pneumatic  Details — None  of  the  other  details  of 
a  remote  control  equipment  offer  any  special  mainten- 
ance problems  except  the  pneumatic  details.  If  these 
are  not  properly  installed  and  maintained,  however,  the 
whole  ecjuipment  may  be  affected.  When  an  equip- 
ment is  new  it  will  be  found  that  scale  and  dirt  are  dis- 
lodged from  the  inside  of  pipes  and  find  their  way  into 
valves,  causing  leaks.  It  is  best  practice  to  blow  out 
the  piping  thoroughly  after  the  equipment  has  been  in 
operation  for  a  month  or  two,  by  disconnecting  at  vari- 
ous places.  A  number  of  properties  also  provide  a  re- 
ceptacle to  catch  scale  and  dirt  at  the  lower  end  of 
vertical  runs  of  pipe.  The  amount  of  dirt  collected 
amply  justifies  their  installation. 

Water  and  oil  carried  over  from  the  compressor 
are  constant  sources  of  trouble,  especially  in  winter, 
when  freezing  of  the  moisture  causes  sluggish  pistons 
and  valves  to  freeze.  Careful  installation  of  the  pip- 
ing system,  so  that  water  drains  away  from  the  control 
apparatus,  together  with  an  adequate  cooling  system 
c'shead  of  the  control  reservoir  will  eliminate  some  of 
this  trouble.  Reducing  valves  are  another  source  of 
trouble  unless  carefully  watched.  The  reducing  valve 
setting  should  be  checked  at  each  heavy  inspection 
period  by  the  use  of  an  inspector's  gauge. 

A  careful  study  of  the  whole  maintenance  prob- 
lem discloses  the  fact  that  the  best  results  are  obtained 
by  the  man  who  knows  the  equipment  most  thoroughly, 
and  who  spares  no  pains  in  repairing  the  details.  The 
motto  of  the  maintenance  man  should  be  "Know  Your 
Equipment,  W^atch  the  Details,  and  Keep  Your  Covers 
Tight." 
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THF.  SLOW  PROGRESS  which  freight  haulage 
(in  electric  railways  has  made  in  these  times 
when  the  need  for  increased  transportation 
facilities  is  so  obvious,  is  positive  evidence  that  the  elec- 
tric railway  industry  is  lacking  in  commercialism.  The 
possibilities  of  freight  haulage  by  the  electric  lines  of 
the  country  are  hard  to  appreciate,  since  so  few  roads 
have  made  more  than  a  feeble  attempt  to  develop  this 
branch  of  the  railroad  business.  The  transportation  of 
freight  by  every  possible  method  is  a  national  necessity, 
and  is  essential  to  the  growth  and  progress  of  each  in- 


E.  D.  LYNCH 

Railway  Sales  Dept., 
W'cstiiighouse  Electric  &  Mfg.  Company 

nividual  community.  With  the  expansion  of  local  in- 
dustries there  must  ht  an  enlargement  of  transportation 
facilities.  The  result  of  this  natural  progress  has  in- 
creased the  size  of  the  steam  roads  until  their  magni- 
tude has  exceeded  even  the  most  optimistic  predictions 
of  their  original  promotors.  In  other  words,  freight 
haulage  made  America's  steam  roads.  It  represents 
their  main  source  of  revenue  and  always  will.  It  is, 
however,  impossible  for  the  existing  steam  roads  to 
ireet  the  ever-increasing  community  demand  for  addi- 
tional   transportation    service    without    extensions    and 
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added,  equipment.  It  is  needless  to  say  that  unless 
ether  facilities  are  employed,  ultimate  expansion  of  the 
sieam  roads  will  result. 

That  the  existing  rural  freight  transportation 
facilities  are  inadequate  is  forcibly  indicated  by  the 
steady  increase  of  auto-truck  lines.  They  have  become 
s.  prominent  factor  in  our  transportation  system.  On 
account  of  the  hesitancy  of  the  electric  railways  to 
adopt  freight  haulage,  they  now  must  face  auto-truck 
competition  in  many  places  where  the  auto-truck  could 
have  served  as  an  adjunct  to  the  electric  railway.  The 
success  of  such  a  combination  is  exemplified  by  a  few 
of  the  country's  more  progressive  electric  railways. 
One  of  these — The  Milwaukee  Electric  Railway  & 
Light  Company — has  created  auto-truck  feeder  service 
reaching  in  some  cases  60  miles  from  its  terminals,  serv- 
ing, farming  and  manufacturing  districts,  otherwise 
far  remote  from  neighboring  towns  and  cities. 

Every  electric  line  of  any  importance  has  freight 
possibilities,  which  could  be  handled  in  addition  to  its 
regular  passenger  service.  Where  people  travel,  a  de- 
mand naturally  exists  for  the  moving  of  freight.  With 
so  many  indications  of  a  real  paying,  business  in  evi- 
dence, little  additional  encouragement  should  be  re- 
quired to  induce  every  electric  railway  to  engage  in 
freight  haulage,  especially  when  every  possible  oppor- 
tunity for  an  increase  in  revenue  is  so  vital. 

A  number  of  electric  railways  have  built  up  in- 
tensified freight  systems  and  the  methods  employed 
by  these  roads  and  their  experience  in  the  building  up 
of  their  business  are  availabJe  to  all.  Among  the 
prominent  lines  which  have  been  developing  their 
frci,ght  opportunities  are — 

Pacific  Electric 

Utah  Idaho  Central 

Salt  Lake  &  Utah 

Detroit  United 

VX'aterloo,  Cedar  Falls  &  Northern 

Northern  Ohio  Traction 

Michigan  Railways 

Aside  from  the  necessity  of  system,  the  confidence 
of  the  public,  continuity  of  service  and  other  requisites 
for  rapid  development  of  freight  haulage,  the  equip- 
ment is  an  exceedingly  important  factor  in  placing  the 
freight  business  on  a  sound  and  profitable  basis.  It  is 
llie  manufacturer's  function  to  supply  reliable  and  ap- 
[.rnpriate  equipment.  Co-o|)cralion  between  operator 
nnd  manufacturer  is,  therefore,  necessary  to  extend  the 
designs  of  suitable  apparatus  to  cover  all  freight  re- 
quirements. Terminal  and  warehouse  facilities,  tracks 
and  feeder  systems  may  be  adequate  to  handle  the  busi- 
ness eflfectively,  while  the  rolling:  stock  may  be  expen- 
sive, unreliable  and  unsuitable  For  example,  it  would 
be  a  mistake  to  expect  materi.^i  ticcess  from  the  use  of 
antiquated,  under-capacity  mo;  rs  applied  to  old  wood 
taggage  cars  converted  from  issenger  service.  The 
average  electric  railway  consider  that  any  equipment 
which  has  passed  beyond  its  usefulness  for  passenger 
service  is  still  good  enough  for  wnrk-car.=i,  sprinklers, 
sweepers,  etc.     Satisfaction,  of  course,  depends  entirely 


on  circumstances  and  conditions,  but  certainly  the  re- 
liability of  such  service  equipmeni  will  be  no  greater 
than  it  was  before  the  transfer  from  revenue  service. 
Such  re-arrangements  may  meet  with  approval  in 
many  instances,  but  it  is  a  mistake  to  carry  discarded 
equipment  into  freight  haulage,  except  where  careful 
analysis  is  made.  Equipment  selected  as  revenue 
builders  should  not  only  be  efficient  but  permanent  in 
their  reliability  and  adequacy.  Revenue  will  not  then 
have  to  be  used  for  maintenance,  but  can  be  spent  for 
increased  equipment  and  facilities  as  the  business 
grows.  The  entire  problem  must  be  handled  as  a  busi- 
ness enterprise,  where  efficiency  and  economy,  with  the 
maximum  rate  of  healthy  progress,  is  the  direct  aim. 

Package  freight  or  express  is  usually  the  ground 
floor  of  freight  business  on  most  electric  railways.  Be- 
ginning at  the  bottom  is  a  step  in  the  right  direction, 
and  encouragement  would  certainly  be  created  for  the 
industry  if  even  this  lowly  start  were  made  by  all  roads. 
On  a  large  number  of  lines,  however,  the  beginning 
could  be  made  at  a  more  advanced  stage.  Nearly 
every  railway  company  has  use  for  at  least  one  electric 
locomotive  for  handling  construction  work  and  the 
many  ordinary  maintenance  supplies  used  ever)'  day. 
One  or  two  engines  would  replace  many  make-shift 
motor-driven  work  cars  and  at  the  same  time  would 
serve  to  inaugurate  night  time  freight  train  service  be- 
tween towns  served  by  the  line.  Car  load  movement  at 
night,  when  the  power  demand  for  passenger  service  is 
low,  would  entail  no  change  in  the  power  distributing 
system.  Fast  package  freight  could  be  maintained  dur- 
ing the  day  time  in  conjunction  with  the  regular  passen- 
ger train  service.  In  other  words,  little  additional 
rolling  stock  would  be  required  by  most  of  our  electric 
lines,  to  make  a  fairly  advanced  participation  into 
freight  haulage. 

With  the  start  made  and  the  will  to  succeed,  to- 
gether with  systematic,  commercial  advertising,  the 
ir.ajority  of  electric  lines  would  be  able  to  render 
better  all-year-round  freight  .service  to  their  respective 
communities  than  either  the  auto-truck  or  the  steam 
roads.  With  reliable  service  established,  every  farmer, 
merchant  and  townsman  along  the  line  will  become  a 
customer,  where  they  now  are  either  deprived  of  many 
necessities  or  are  forced  to  use  teams  or  auto-trucks, 
which  require  both  time  and  investment.  If  such  pri- 
vate modes  of  transportation  can  be  eliminated  by  a 
new  and  cheaper  system,  economy  alone  will  attract 
jiatronage. 

The  ideal  freight  system  on  electric  railways  would 
include  freight  train  service  handled  by  standard  elec- 
tric locomotives  of  about  25,  40,  50,  and  60  tons  weight. 
Such  engines  will  haul  trains  of  from  ten  to  thirty 
standard  steam  road  freight  cars  at  moderate  speeds 
on  level  tangent  track.  Manufacturers  have  developed 
these  sizes  of  locomotives  with  rnotors  and  control  espe- 
cially designed  for  electric  railway  interurban  freight 
service.     The  adoption   of  these  established   standards 
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Vv'ithout  injecting  special  features  not  only  assists  ma- 
terially in  the  development  of  a  wider  range  of  locomo- 
tive sizes,  but  helps  maintain  low  first  costs  for  both 
engines  and  repairs.  Standard  electric  locomotives  are 
not  in  the  experimental  stage,  for  they  have  been  oper- 
ating successfully  as  real  revenue  builders  for  more 
than  ten  years.  They  are  the  result  of  years  of  experi- 
ence in  both  steam  and  electric  locomotive  building  and 
their  merits  have  been  proved  in  actual  freight  and  pas- 
senger service. 

Many  inherent  advantages  attend  the  use  of  either 
locomotives  or  package  freight,  but  to  have  the  package 
type  of  car  approach  locomotive  reliability  in  train  ser- 
vice, reinforcement  of  the  car  body  for  heavy  pulling 
and  buffing  is  necessary.  The  motor  and  control 
equipment  must  also  be  arranged  for  locomotive  opera- 
tion by  installing  standard  locomotive  apparatus 
throughout. 

Locomotive  train  service,  as  compared  to  package 


freight  car  operation,  has  many  superior  points,  among 
\\  hich  are  : — 

Lower  first  cost. 

Fewer  repairs. 

Fewer  motive  power  units  to  maintain. 

Fewer  crews  required. 

Fewer  units  represent  a  saving  in  power. 

Locomotives  are  designed  to  stand  strains  and  stresses 
and  rough  handling  in  train  service. 

Fewer  but  heavier  trains  lessen  congestion. 

The    use    of    non-motor    trail    cars    lessens  investment 
while  unloading 

Many  arguments  have  been  presented  in  favor  of 
freight  transportation  for  electric  railways,  but  one  of 
the  most  convincing  is  the  fact  that  steam  road  progress 
is  due  to  freight,  and  that  to  those  electric  lines  who 
have  it  developed,  freight  revenue  has  been  a  life  saver 
during  the  recent  railway  crisis. 

"Haul  Freight"  .should  become  the  slogan  of  the 
electric  railways,  because  prolonged  delay  will  simply 
mean  increased  auto-truck  and  sJeam  road  competition. 
Now  is  the  time  to  participate  if  the  electric  railways 
ever  expect  to  obtain  their  share  of  this  business. 


Our  subscribers  are  invited  to  use  this  de; 
means  of  securing  authentic  information  on  < 
mechanical  subjects.  Questions  concerning  general  engineer- 
ing theory  or  practice  and  questions  regarding  apparatus  or 
materials  desired  for  particular  nerfs  will  be  answered. 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  this  department. 


To  receive  prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  query.  All  data  necessar>'  for 
a  complete  understanding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available;  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by  at  least  two 
others,  a  reasonable  length  of  time  sfxould  be  allowed  before 
expecting  a  reply. 
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1916 — Ei-£CTRiicAL  Energy  Required  for 
Heating     Buildings — What      factors 
must    be   taken   into   consideration    to 
determine    the    electrical    energy     re- 
quired to  heat  a  room  or  a  building. 
F.H.  (w.VA.) 
To    determine    the    electrical     energji 
necessary   to   heat   a    room   or   building, 
many   factors   must   be   taken   into   con- 
sideration.    Heat   is   lost    (a)    by  trans- 
mission through  walls,  floor,  and  ceiling 
(see    Table    I),    and     (b)     through    air 
necessary  for  ventilation  (see  Table  H). 
The  exposure  of  the  building  must  also 
be  considered. 

TABLE    I — WATTS    LOST    BY   RADIATION 

PER    SQUARE    FOOT    OF    SURFACE 

PER  DEGREES  F.  DIFFERENCE 

IN   TEMPERATURE 

Radiating  Surface  Watts 

24-inch  brick  wall    0.0575 

12-inch  brick  wall    0.0925 

9-inch  brick  wall    0.1350 

4-inch  brick   w.'iU    0.1930 

Wooden  Flooring    0.0305 

Wooden    ceiling    0.0245 

Fire-proof  flooring    0.0360 

Fire-proof    ceiling     0.0425 

Single  window    0.355 

Single  skylight 0.300 

DouTjIe   window    0.170 

Double  skylight    0.185 

Door    (65   percent   wood — 35    per   cent 

glass     0.170 

Door,  plain    0.120 

Wood    Partition — l-inch    thick     0.120 

These  co-efficients,  for  latitudes  approxi- 
mately that  of  Pittsi)urgh,  will  be  increased 
as  follows: — 

10  percent  for  northern  and  windy  .expos- 
ure. 

10  percent  where  building  is  heated  during 

day   time   only,    and   building   is  not    exposed. 

30  percent  where  building  is  heated  during 

day    time    only,    and    location    is    an    expo&ed 

one. 

50  percent  where  the  building  is  heated 
intermittently    during    the    winter    months. 


TABLE     II — AIR     REQUIRED     FOR     VEN- 
TILATION  OF   ROOMS 


Service 

Cubic  Feet'of  Air 
Per  Hour 

3  6oo  per  single  bed 
3  6oo  per  seat 

3  000  per  perjoii 
2  400  per  person 
2  000  per  seat 
t  800  per  person 

Legislature  assembfy  halls   . 
Bai racks,  bedrooms 

and  workshops  .  .  .  . 
Schools  and  churches  .  .  .  . 
Theatres  and  ordinary  halls  . 
Office  rooms 

Dining  rooms 

Homes . 

Once  per  hour 

.\  quicker  method  of  determining 
approximately  the  amount  of  heat  neces- 
sary to  maintain  the  temperature  of  a 
room  is  given  in  the  following  formula : 
(W  ,  C\_T 
\   ,  +  ('  +  'T;^  I  -  7~  =heat  losses  in  watts 

Where 

IV  =  exposed  wall  surface  in  sq.  ft. 

G   =  exposed  glass  surface  in  sq.  ft. 

C   =  contents  in  cubic  ft. 

T  =z  difference  between  inside  and 
outside  temperature  in  degrees  F.  This 
foriTiula  assumes  that  the  building  is  of 
good  construction,  with  fairly  thick 
walls,  tight-fitting  doors  and  windows 
and  no  unusual  conditions,  such  as  ex- 
posure to  high  winds,  etc.  It  is  an 
approximation  only,  for  preliminary 
estimates,  and  not  to  be  considered 
accurate  for  all  cases.  In  all  calcula- 
tions of  the  heat  necessary  to  obtain  a 
certain  result,  the  character  of  the  in- 
stallation must  be  considered.  For 
instance  in  a  small  store  where  the 
doors  are  opened  often,  an  additional 
allowance  should  be  made.  In  a  home 
(he  loss  from  this  may  be  neglected. 
The  lowest  outside  temperature  on 
record  should  be  used  !n  these  calcula- 
tions.    Example — Office  15  by  15  by  10 


feet — located  at  the  northwest  corner 
on  the  third  floor  of  a  four-story  ware- 
house. The  building  has  12-inch  brick 
walls,  floors  of  fire-proof  construction, 
two  windows,  each  18  square  feet,  one 
door  3  by  7  feet,  a  one-inch  wooden 
partition.  Temperature  of  office  to  be 
70  degrees  F.,  balance  of  building  40 
degrees  F.,  outside  zero  degrees  F.  Air 
supply  4000  cubic  feet  per  hour.  Then 
according  to  the  above  conditions : 
Exposed  wall .  . .  264  .sq.  ft.  by  O.0925 

by  70  =  1710  -f-  10  percent      =  1880 
Exposed  glass... 36  sq,  ft.  by  0.355 

by  70  =:  900  -J-  10  percent        :=    990 
Interior  partition  . .  .  .300  sq.  ft.  by 

0.12  by  30  =  1080 

Ceiling    225   sq.    ft.   by  0.0425 

by  30  =     290 

Floor    225   .sq.   ft.  by  0.036 

by  30  =    240 

Air.  .4000  cu.  fl.  1)\-  0.0054  by  70  =  1510 

Total  Walts   5950 

1017 — Circuit  Breaker  Capacity — Figs, 
(a)  and  (b)  show  two  generating 
stations  90  miles  apart  with  an  inter- 
mediate transformer  station.  Station 
A  has  two  5000  Icv-a,  three-phase,  50 
cycle,  6600  volt,  water  wheel  driven 
generators  with  a  synchronous  re- 
actance of  80  percent  and  a  leakage 
reactance  of  20  percent.  It  has  tw'^ 
banks  of  1667  kv-a,  single-phase  trans- 
formers, connected  delta  star  with 
grounded  neutral  to  transform  from 
6600  to  60000  volts.  Station  B  hn=, 
two  10  000  kv-a,  three-phase,  50  cycle, 
2200  volt  steam  turbine  generators, 
having  a  synchronous  reactance  of  4S 
percent  and  a  10  percent  leakage  re- 
actance.    It   has    two    banks    of    3300 
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kv-a,  single-phase  translormcrs  willi 
a  reactance  of  6.5  percent  connected 
2200  volts  delta  to  30000  volts  star 
with  grounded  neutral.  Station  C 
contains  two  banks  of  1500  kv-a 
single-phase  transformers  of  6.5  per- 
cent reactance  connected  star  on  both 
sides  with  grounded  neutral  to  trans- 
form from  30000  to  60000  volts.  The 
lines  from  A  to  C  are  of  No.  oooo 
stranded  copper  with  72  inches  tri- 
angular spacing.  One  line  from  B  to 
C  is  of  No.  0000  stranded  copper 
spaced  60  inches  apart  in  a  vertical 
plane;  the  second  line  is  of  300000 
circ.  mils  stranded  aluminmn,  spaced 
60  inches  apart  in  a  vertical  piano, 
(l)  E.xplain  meaning,  method  of  de- 
termination by  tests  and  application 
of  terms — "synchronous  reactance" 
and  "leakage  reactance"  as  given 
above.  (2)  What  would  the  line 
current  bo  at  station  A  and  B  for 
single-phase  ground  (no  ground  re- 
sistance considered)  under  conditions 
as   follows:— (a)   Ground  at  po'"*  ten 


Icrniinal    volts.     To   calculate    the    leak 
age   reactance  in  ohms,  use  the   follow- 
ing formula : — 
Leakage  reactance  in  ohms  per  plni.i'- 

-    I 

Where 

/>  =  Percent  leakage  reactance  drop. 
/;■  --JL  Volts  per  phase. 
/  =  Full  load  current  per  phase. 
/i.vrtj;i/'/f— Assuming     the     sooo    kv-a 
generators    in    station    A    are    star   con- 
nected : — 

'  V\M  load  current  per  phase 
5000  X   1000 

66qo        „  „ 

Volts  per  pliase  =    -      =  3810  volts. 

Leakage  reactance  per  phase 

£  X  38>o 
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1.74  ohms. 


.At     present     there     is     no     convenient 
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FIGS.   1917   (a),   (b)   and   (c) 

•  miles  from  station  A  when  line  A-C 
was  open  at  station  C  and  both  gener- 
ators were  on  line  at  station  A  and 
carrying  no  load?  Full  load,  (b') 
Ground  at  point  X,  50  miles  from 
station  A  and  10  miles  from  station 
C,  when  all  generators  are  on  the 
line  and  fully  loaded?  When  one 
generator  only  is  on  at  station  B  and 
one  B-C  line  is  out  of  service?  (3) 
Please  give  formula  used  and  method 
of  application  so  that  other  similar 
combinations  may  be  calculated  usinp 
other  generators,  transformers  and 
lines.  This  information  is  to  deter- 
mine settings  of  switches  and  wb.it 
current  they  may  be  called  upon  'o 
.  break  C.F..A.    (cal.) 

Leakage  Reactance — The  alternating- 
current  in  flowing  through  the  armature 
conductors  sets  up  a  local  magnetic  flux 
which  interlinks  with  the  armature  con- 
ductors, producing  inductance.  This 
inductance  is  called  the  armature  leak- 
age or  inherent  inductance.  The  leak- 
age reactance  drop  at  full  load  is  gen- 
erally  expressed   in   terms   of   full   load 


method  of  determining  by  test  the  leak- 
age reactance  of  alternating-current 
generators.  It  can  be  calculated  more 
or  less  accurately  from  the  dimensions 
of  the  machine  and  can  be  determined 
from  results  of  oscillograph  tests  on 
short-circuit. 

Short-circuit  ratio  or  synchronous  re- 
actance of  a  generator  is  the  equivalent 
reactance  which  would  produce  the  same 
effect  as  the  armature  leakage  reactance 
and  armature  reaction  combined.  Syn- 
chronous reactance  can  be  determined 
by  calculations  from  thc_  open-circuit 
aiid  short-circuit  characteristic  curve  as 
shown  in  Fig.  (c).  If  in  Fig.  (c)  OE 
:=  open  circuit  characteristic,  i.  e.,  no- 
load  volts  between  lines  plotted  against 
field  current  and  OB  =  short-circuit 
characteristic,  i.  e.,  armatm-e  current  per 
phase  plotted  against  field  current,  then 
OA  =  field  current  to  cive  AE  the 
normal  voltage  between  lines  and  AB 
—-  armature  current  corresponding  to 
field  current  OA. 

_     ■'^^-     r-7 

Synchronous  impedance — ly-iYAB  " 


Synchronous  reactance  ^  1     Z'  —  /?' 
Where  R  =  resistance  per  phase. 
(2a>  For  a  5000  kv-a,  fifioo  volt,  threc- 
pbase,  50  cycle  generator  having  twenty 
percent  reactance. 
Eull  load  current  per  phnse 
5000  X  1000  o 

■=  T73~X66^  =  ^^^  """'"'"■ 
20        6600 
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•  Also  for  a  1667  kv-a,  single-phase, 
6f'oo  volt  delta  to  66000  star— eight 
percent  reactance  transformer: — 


Reactance  per  (ihase  ■■ 


■■=  I.74- 


Lull-load  current  per  transformer 
1667  X  1000 
== 6to ^  ^53  amperes. 

Reactance  per  phase 


X6600 

X, 

"253 


2.08. 


The  line  AC  of  4/0  copper,  72  inch 
spacing,  has  a  reactance  per  mile  of  line 
at  50  cycles  of  0.605  ohms.  To  calculate 
the  equivalent  reactance  of  ten  miles  of 
line  reduced  to  generator  voltage,  pro- 
ceed as  follows: — 

Reactance  for  10  miles  =  0.605  X  'o 
=  6.05  ohms. 

66000 


Ratio  of  voltages  =:  — ■^5_  — 
6000 


=  5-27. 


Equivalent   reactance 


6^5 
'  5-27 


1.15  ('/" 


Since  line  AC  is  open  at  station  C, 
station  B  cannot  feed  in  any  current  to 
a  short-circuit. 

The    initial    symmetrical    short-circuit 
r.m.s.  current  = 
6600 
— 5 :=  2200  amps. 

2    X    174    ,2.08  ' 

:; 1 — ^ — f"  0.217 

2  2 

The  maximum  unsymmetrical  current 
may  be  approximately  1.73  X  2200  = 
3810   amperes.     Equivalent   reactance   in 

876 
percent    =  -,-    X    100   =   40   percent 

approximately.  The  current  will  vary 
from  3810  amperes  at  the  moment  of 
short-circuit  to  a  lower  value,  called  the 
sustained  value,  of  approximately  2300 
amperes.  The  curve  will  be  similar  to 
that  given  in  Trans.  A.  L  E.  E.,  Feb., 
igi8.  Fig.  3,  p.  130  for  40  percent  react- 
ance, except  the  sustained  value  will  be 
about  50  percent  higher  than  shown 
there,  as  it  has  been  found  that  a  single- 
phase  short-circuit  gives  a  sustained 
current  approximately  50  percent  higher 
than  a  three-phase  short-circuit.  If  the 
generators  in  station  A  were  loaded,  the 
instantaneous  short-circuit  currents 
would  be  approximately  the  same,  but 
the  sustained  values  would  be  higher  in 
proportion  to  the  ratio  of  field  currents 
for  the  two  cases. 

{2h)  Station  A 

Initial  symmetrical  short-circuit  cur- 
rents = 

6600 

1.74+ 1.04  + (.5  X  0.217)  =  '''°  "'""■''"• 
876 
Percent  equivalent   reactance  =  ^ 

X  100  =  SI  percent.  Short-circuit  cur- 
rent will  vary  appro.vimalrly  3000  to 
2050  amperes. 

Station  B 

Assuming  leakage  reactance  of  10  per- 
cent, then  the  full-load  current  per 
10  000  X  1000 

I^''"'"^     1.73      X220O=^^3°=""P''"- 


Generator  reaclonce  = 


2630 


=  0.006  ohms. 
Transformer  full-load  current 
21,00  X  1000 

= ::ZZ =  1500  amperes. 

2200  ^  ' 

Transformer  reactance 
0.065  X  2200 


1500 


:=  0.096  ohms. 


.Station  C 

Transformer     full-load     current 
moo  X  1000 
'olt   side   = 


33  000 
percent 


17300 
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Transformer     reactance     referred     to 
1   2200   \- 
2300  volts  =  12.9  X I  jyyoo  /  "  °-^°'^  "^       • 

Lines  BC 

4/0  copper,   60  inch  vertical   spacing. 
If  the  line  is  transposed,  equivalent  spac- 


ing ^1  60  X  60  X  120  =  7S.6  inches. 
For  75.6  inch  spacing,  4/0  copper,  the 
reactance  per  mile  at  50  cycle  =:  0.605 
ohms  approximately.  3  000  000  circ.  rails 
alummum  per  mile  :=  0.582  ohms  ap- 
proximately. For  30  miles,  the  total  re- 
actance per  line  =  30  X  0.605  ^^  18  5 
ohms  and  30  X  0.582  =  17.46  ohms  re- 
spectively. If  the  two  lines  are  in 
parallel,  the  combined  reactance  =  8.Q 
ohms. 

Initial     short     circuit     current     from 
station  B  = 

2200 


2  X  0.048  I  0.096  I    8.9  _[_  0.209 -L.  10  X 0.605 
2  2        7.92         2  (15.8)" 

=  6000  amperes. 
Percent  equivalent  reactance 
2630 
=  6000  X  2  X  100  =  88  percent. 
The    short-circuit    current    will    vary 
from    10400   amperes    approximately    tJ 
8700  amperes  sustained. 

If  only  one  generator  in  station  B  and 
one  line  RC  are  in  commission,  then 

Initial    symmetrical   short-circuit    cur- 
rent = 


2200 
0.006-1-0.96  -f-  17.5  -f- 0.104  f   o  X  0.605 
7":92  "   (15.8)" 

^  3670  amperes. 

Percent   reactance   =  ~7:r  X    100 
3670 
^  72  percent. 

The  short-circuit  current  will  vary 
from  approximately  6350  amperes  maxi- 
mum unsymmctrical  to  5000  amperes 
sustained.  In  the  above,  we  have 
assumed  two  transformer  banks  at 
station  C  both  in  service.  The  effect  of 
resistance  has  been  neglected,  as  this 
unduly  complicates  the  calculation  and  is 
so  small  compared  to  the  reactance  that 
it  can  be  neglected.  Also,  capacitance 
has  not  been  considered.  H.w.S 

1923 — Changing  pREguENCY — Will  you 
kindly  advise  me  in  detail  how  fre- 
quency higher  than  that  of  the  supply 
line,  can  be  secured  by  driving  a 
phase  wound  induction  motor  at  half 
speed  from  separate  source  of  power 
and  with  the  stator  connected  to  its 
rated  source  of  power? 

J-F.S.    (IND.) 

If  voltage  is  applied  to  the  primary, 
this  higher  frequency  can  be  obtained 
from  the  secondary  by  driving  the  mot- 
or in  a  direction  opposite  to  that  which 
the  primary  voltage  would  tend  to  ro- 
tate it  as  a  motor.     The   frequency  ob- 


tained  will   have   the    following   relation 
to  the  primary  frequency  : — 
Freq.  Secondary 
Frcq.  Primary 

Syn.   r.p.tn.  +  r.p.m.    of  sec. 

~  Syn.   r.p.m. 

The  voltage  obtained  from  the  secondary 

will  have  the  same  relation  to  the  open 

circuit  secondary  voltage.  t.p.k. 


CORRECTION 

In  the  Journal  for  September, 
1920  on  page  415,  Fig.  8  should  have 
the    following   sub-title:  — 

20  amperes  direct- current  in  both  coils. 
The  rise  by  resistance  in  the  tot)  coil  was 
4*2.7  degrees;  in  the  bottom  coil  44'=  de- 
grees. The  rise  of  the  iron  was  13  degrees 
in  the  end  pcakaees  and  10.5  deirrees  in  the 
middle  packages.  The  air  rise  was  2.5  de- 
grees. 25  amperes  direct -current  in  both 
coils.  The  rise  by  resistance  in  boi^'  coils 
was  79  degrees.  The  rise  of  the  iron  was 
24.5  degrees  in  the  end  packages  and  20 
degrees  in  the  middle  packages.  The  air 
rise  was  3.5  degrees.  25  amperes  direct - 
current  in  the  top  coil- and  20  amperes  di- 
rect-current in  the  bottom  coil.  The  r:se 
by  resistance  i;i  the  top  coil  was  66.5  de- 
grees; in  the  bottom  coil  48.7  degrees.  *  The 
rise  of  the  iron  was  17  degrees  in  the  end 
package  and  13.7  degrees  in  the  middle 
packages.      The   air  rise  was  25  decrees. 

The  14th  &  15th  lines,  second 
column,  p.  355  should  read  "current 
at  any  power-factor,  provided  the 
voltages    remain   balanced." 
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Armature  Winding  Diagrams  for  Railway  Motors 


When  armature  windings  are  damaged  and  require  re- 
winding by  the  operating  company  it  is  very  important  that 
the  connections  are  correctly  made  from  the  windings  to  the 
commutator.  If  the  windings  are  not  too  badly  damaged,  it 
is  the  common  practice  of  the  winder  to  note  the  throw  of 
the  leads  from  coil  to  commutator  bar  while  stripping  the 
windings,  and  in  this  way  he  gets  the  desired  information. 
This  method  cannot  be  entirely  relied  upon  as  there  is  a 
possible  chance  that  the  winding  was  connected  wrong  when 
it  was  originally  wound,  either  in  the  repair  shop  or  the 
factory.  The  only  safe  way  is  to  get  this  winding  inform- 
ation from  the  manufacturer  of  the  motor.  Various  methods 
of  showing  the  necessary  information  for  winding  a  railway 
motor  armature  has  been  used  from  time  to  time  and  these 
will  be  outlined  as   follows : — 

Method  I — Fig.  i  shows  si-x  different  views  arranged  for 
different  types  of  coils,  of  the  commutator  end  of  an  arma- 
ure  and  commutator  with  slots  and  bars  lettered,  so  that 
this  sketch  can  be  used  for  a  large  variety  of  machines. 
The  data  for  the  particular  machine  in  question  is  tabulated 
at  the  side  of  the  sketch,  from  which  the  armature  can  be 
wound. 

Method  2 — Fig.  2  shows  a  development  of  the  armature 
information  given  in  Fig.  i.  By  development  is  meant  that 
we  consider  the  winding  placed  on  a  thin  cylinder  and  the 
cylinder  split  lengthwise  and  opened  up  into  a  flat  sheet. 
Necessary  data  is  given  on  this  sketch  to  assist  in  the  correct 
winding  of  the  armature. 

Method  s — I''g-  3  shows  a  layout  of  the  same  armature 
information  as  given  in  Figs,  i  and  2  and  is  somewhat  simi- 
lar to  the  one  as  shown  in  Fig.  i,  but  the  information  only 
applies  to  a  definite  armature.  In  addition  to  the  armature 
information,  suthcient  data  is  given  to  make  the  field  wind- 
ing connections. 

Method  4 — Fig.  4  shows  a  layout  in  which  the  best  points 
of  all  previous  winding  diagrams  have  been  used,  with  added 


features  which  are  given  to  help  tlic  winder  check  his  con- 
nections. In  this  sketch  the  first  active  coil  is  called  lead  /, 
whereas    in   Figs,    i,   2   and   3   the   middle   coil    in   all   cases   is 


FIG.  1 — ARM.MUKE  WINDING  DIAGRAMS 
I-'or  a  40  hp,  600  volt  motor,  having  27  armature  slots  and  135 
commutator  bars,  refer  to  Fig.  e.  Throw  of  toils.  A-B  is  1  to  8: 
throw  of  lends;  right,  C-U,  is  1  to. 17;  left  E-F  is  1  to  17:  and  total. 
C-F  is  1  to  6S.  The  center  line  of  the  tooth  is  on  the  center  line  of 
the  mica. 

called  lead   l.     This  change  was  made  because  it  seems   more 
logical  to  call  the  first  coil  the  /  lead. 

Fig.    5   shows   a   winding   layout   similar   to   Fig.   4   except 
that    in   this   winding,    wdiich   is    for   a   different   machine   tlian 
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previously  shown,  there  is  an  idle  coil.  The  i  lead  of  the 
starting  coil  only,  is  always  used  as  the  dead  coil,  and  the  2 
coil  is  considered  the  first  actrv-c  lead. 

Any  one  of  the  above  methods  gives  the  required  infor- 
mation to  wind  an  armature  and  they  have  been  used  quite 
extensively    for    this    purpose,    but    the    layout    as    shown    in 


F — When  an  odd  number  of  coils  per  slot  are  used  and 
there  are  an  even  number  of  slots  on  the  armature  there  will 
always  be  an  idle  or  dead  lead. 

G — When  an  odd  number  of  coils  per  slot  are  used  and 
there  are  an  odd  number  of  slots  on  the  armature  there  will 
never  be  an  idle  or  dead  coil. 


VK.    2 — DEVKl.OPMKNT    OF    .\l<M,\Tri<E    WINDING    SHOWN    IN    FIG.    I-C 

method  4,  Figs.  4  and  5,  has  been  worked  out  to  show  each 
detailed  step  and  to  give  all  necessary  information  in  such 
a  form  as  to  be  readily  understood,  so  that  the  average  winder 
can  intelligently  use  this  diagram  in  connection  with  rewind- 
ing ah  armature  and  feel  sure  that  the  work  is  being  done 
correctly.  The  final  form  of  this  winding  diagram  as  pre- 
sented herein  was  the  result  of  a  careful  study  of  a  number 
of  criticisms  on  the  previous  diagrams  and  was  only  adopted 
after  being  modified  and  changed  in  line  with  numerous 
suggestions  made  by  practical  men  familiar  with  this  line  of 
work. 

MOTOR   WINDING    INFORMATION 

A — Railway  motors  are  usually  laid  out  for  a  wave  or 
two-circuit  type  of  winding. 

B — They  may  be  wound  with  either  a  right  or  left  hand 
coil.  A  right  hand  coil  is  one  where  the  leads  come  out  from 
the  right  side  of  the  coil  when  holding  the  coil  with  the 
portion  to  be  placed  in  the  bottom  of  slot  toward  you  and 
with  the  air-gap  side  of  the  coil  uppermost.  A  left  hand 
coil  is  one  where  the  leads  come  out  of  the  left  side  of  the 
coil  when  holding  the  coil  with  the  portion  to  be  placed  in  the 
bottom  of  the  slot  toward  you  and  with  the  air-gap  side  of 
the  coil  uppermost. 

C — Armatures  of  the  two-circuit  type  may  be  wound 
either  progressive  or  retrogressive.  A  progressive"  wave  or 
two-circuit  winding  is  one  when  the  throw  of  the  coil  lead 
is  one-half  a  commutator  bar  greater  than  half  way  around 
the  commutator.     A   retrogressive  wave  or   two-circuit  wind- 


FIG.    3 — LAYOUT  OF   ARM.ATl'RE   WINDING    SHOWN    IN    FIGS.    I    AND   2 

ing  is  one  when  the  throw  of  the  coil  lead  is  one-half  a  bar 
less  than  half  way  arnund  the  commutator.  For  example 
with  13s  commutator  bars,  a  progressive  winding  has  a  coil 
throw  of  (135  +  1)  -i-  2  =  68  bars  or  i  and  69.  A  retro- 
gressive winding  has  a  coil  throw  of  (135  —  i)  --  2  =  67  bars 
or  I  and  68. 

D — The  wave  or  two-circuit  windings  always  require  an 
odd  number  of  commutator  bars. 

E — ^When  an  even  number  of  coils  per  slot  are  used  there 
will  always  be  an  idle  or  dead  lead. 


FIG.    4 — LAYING   OFF   AN    ARMATIRK   WINDING   WITHOUT   DEAD   COILS 

1. — The  center  line  of  the  startine  coil  is  on  the  center  line  of 
the  armature  tooth  between  the  fourth  and  fifth  slots  and  on  the  cen- 
ter line  of  the  mica  between  the  36th  and  37th  commutator  bars. 

2. — Starting  at  bar  36  count  back  (clockwise)  to  bar  1  and  in 
this  bar  place  lead   1   from  the   bottom  leads  of  the  startine  coil. 

3. — Starting  at  bar  1  count  forwaid  (counter  clockwise)  to  bar 
68  and  in  this  bar  place  lead  I  from  the  top  leads  of  the  startine  coil. 

WINDING    DATA 

Number  of  armature  slots  27 

Number  of  commutator  bars  135 

Coils  lie  in  slots   1-18 

Leads  connect  to  bars  1-68 

Commutator  center -punched  on  end 

.. :..  Locates  the  toi>  leads  of  the  starting  coil 

Locates  the  bottom  leads  of  the  startine  coil 

.      Locates  the  starting  coil   in  slots   1   and  8 

H — The  alignment  of  the  armature  slots  or  teeth  with 
respect  to  the  commutator  mica  or  bar  is  as  follows  :— 

With  the  coil  throw  even  and  the  lead  throw  even,  the 
center  line  of  the  tooth  will  line  up  with  the  center  line  of 
the  mica. 

With  the  coil  throw  odd  and  the  lead  throw  odd,  the 
center  line  of  the  slot  will  line  up  with  the  center  line  of  the 
bar. 

1. — The  center  line  of  the  starting  coil  is  on  the  center  line  of  the 
ar.naturn  tooth  between  the  fourth  and  fifth  slots,  and  on  the  center 
line  of  the  mica  between  the  31st  and   32nd  commutator  bars. 

2. — Starting  at  bar  31  count  back  (clockwise)  to  bar  1  and  in 
this  bar  place  lead  2  (the  first  active  cQil)  from  the  bottom  leads  of 
the  starting  coil. 


FIG.    5 — LAYING  OFF   AN    ARMATURE   WINDING   WITH   ONE   DEAD   COIL 

3. — Starting  at  bar  1  count  forward  (counter  clockwise)  to  bar 
60  and  in  this  bar  place  lead  2  (the  first  active  coil)  from  the  top 
leads  of  the  starting  coil. 

WINDING    DATA 

Number  of  armature  slots -30 

Number  of  cjammutator  bars -119 

Coils  lie  in  slots   1-8 

Leads  connect  to  bars   1-60 

Commutator  center -punched  on  end 

. :.   Locates  top  leads  of  starting  coil. 

...  Locates  bottom  leads  of  starting  coil. 

..  Locates  starling  coil  in  slots  1  to  8. 

With  the  coil  throw  even  and  the  lead  throw  odd,  the 
center  line  of  the  tooth  will  line  up  with  the  center  line  of 
the  bar. 

With  the  coil  throw  odd  and  the  lead  throw  even,  the 
center  line  of  the  slot  will  line  up  with  the  center  line  of 
the  mica.  John   S.   Dean. 
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Vitrohm  Resistor  Units 

In  Dental  Equipment 


The  dentist  knows  the  requirements  as  to 
speed  of  drill,  but  he  is  not  an  electrician.  A 
given  position  of  control  lever  means  to  him 
a  given  speed — that  requires  ohmic  values 
that  are  permanent — that  do  not  vary — and 
never  open. 

That  is  why  in  the  "resistance  box,"'  or  case, 
of  the  dental  equipment  you  will  find  a  bank 
of  Ward  Leonard  Vitrohm  Resistor  Units. 
Resistance    values    are    constant    in    Mtrohm 


Units  because  the  wires  have  practically  zero 
temperature  co-efficient  and  are  completely 
enveloped  in  vitreous  enamel.  They  are  her- 
metically sealed  in  this  vitreous  enamelled 
insulation  which  is  mechanically  strong  and 
is  corrosion-proof,  and  lasts  forever  because  it 
is  proof  against  atmosphere  disintegration. 
Light  weight  and  compactness  are  also  exclu- 
sive features  of  ^'itrohm  Resistor  Units. 


We  shall  be  glad  to  send  a  sample  Unit  to  any  manufacturer 
who    uses    resistance    in    his    equipment    upon   reijuest. 

S.  S.  White  Dental  Manufacturing  Company  have  used  Ward-Leonard 
Vitrohm  Resistor  Units  for  twenty  years— Once  ifou  try  you'll  always  buy. 


Ward  Leonard/*tectric  Company 


Westburg   Engineering   Co.,   Chicago 
Walter  W.  Gasklll,  Boston 
Wm.  Miller  Tompkins,   Fliiladelphla 
Sperry  &  Blttner,  Pittsburgh 


[y\\.ount  , 
Vernon. 
XewVork. 


Electric  Material  Co.,  San  I'rancisco 
Walter  P.  Ambos  Co.,   CleTeland 
Electrical   Specialties   Co..   Detroit 
Lyman  C.  Beed.  New  Orleans 


Please  menlion  The  Electric  Journal  when  writing  to  advertisers 
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NATIONAL  SAFETY  SECTION 


BLAST    FURNACES 

(Conlinued) 

Cast  Houses — Casting  holes  where 
ladles  are  loaded  under  the  floor  should 
preferably  be  grated.  Where  gratings 
are  not  practicable  railings  should  be 
provided.  Cast  house  floors  should  be 
provided  with  e.xits,  to  prevent  men  be- 
ing trapped  in  event  of  a  breakout. 
These  should  be  sufficient  in  width  to 
permit  quick  escape.  A  hinged  or  re- 
movable shield,  or  other  efficient  means, 
should  be  provided,  where  practical,  for 
all  permanent  gates  in  iron  and  cinder 
runners  so  that  there  will  be  no  danger 
of  the  operator  being  burned. 

Substantial  removable  railings  should 
be  provided  when  the  cast  house  floor 
is  elevated;  and  where  spouts  extend 
considerably  outside  of  the  cast  house 
retaining  wall,  it  is  suggested  that  they 
be  provided  with  a  railed  platform. 
Loam  boxes  should  be  elevated  about 
thirty  inches  and  provided  with  covers. 

Bloiving  Engines — It  is  advisable  that 
the  signal  whistles  in  blowing  engine 
rooms  be  operated  by  electric  powes 
the  switches  being  located  in  the  cast 
house.  Some  companies  provide  addi- 
tional switches  located  at  different 
points  in  the  cast  house.  It  is  suggested 
also  that  a  light  be  provided  at  the 
operating  switch  to  indicate  when  the 
circuit  is  made.  Signal  lights  should  be 
installed  in  the  blowing  engine  room 
which  will  indicate  the  number  of  the 
furnace,  so  that  the  engineer  will  know 
which  furnace  is  signaling. 

Operation 

Furnace  superintendents  are  not 
agreed  on  any  one  routine  of  safe 
operation.  They  do  not  follow  the 
same'  methods,  step-by-stcp,  therefore 
the  suggestions  here  given  are  not  to  be 
considered  as  the  only  safe  methods  to 
follow.  The  "blowing  out"  and  "blow- 
ing in"  of  furnaces  are  operations 
which,  unless  properly  handled  may 
lead  to  serious  results ;  there  arc  dis- 
puted points,  however,  and  although 
the  practice  suggested  below  is  ap- 
proved by  many  furnace  operators  in 
addition  there  is  included  details  of  a 
somewhat  different  pracicc  fallowed  by 
one  of  the  blast  furnace  operating  com- 
panies  in  America. 

Bloidnp  Out  Blast  Furnaces — When 
gas  is  no  longer  suitable  for  use  in 
stoves  or  boilers,  and  water  seals  are 
to  be  filled,  steam  should  be  immedi- 
ately turned  into  dust  catchers  between 
water  seal  and  furnaces.  All  bleeders 
on  dust  catchers  should  be  kept  closed, 
thus  driving  the  gas  out  tbroui;h  the 
top  of  the  furnace  where  the  bleeders 
are  open.  Water  sprays  should  be  put 
in  try  hole  and  on  big  bell.  The  big 
bell  should  be  kept  partially  open,  held 
tight  against  chains,  rods  or  lugs  in- 
serted between  bell  and  hopper. 

While  blowing  out  a  blast  furnace 
the  bell  and  hopper  should  never  be 
kept  cool  by  closing  the  bells  tightly 
and  filling  the  hopper  with  water. 
Very  disastrous  results  have  occured 
where  this  dangerous  practice  was 
followed.  When,  during  the  blowing- 
out  period,  the  blast  has  been  taken  off 


at  casting  time,  or  otherwise,  the  water 
should  be  shut  off  on  top  until  blast  is 
again  put  on.  When  a  furnace  is 
blown  out  and  after  the  blast  is  taken 
off  the  tuyeres  should  be  plugged  with 
clay  and  the  blow  pipes  should  be  taken 
down  one  at  a  time,  following  in  turn 
around  the  furnace  so  that  in  case  any 
of  the  scaffolding  should  fall,  the 
danger  to  the  crew  is  minimized.  The 
furnace  floor  should  be  roped  off  and 
no  one  permitted  to  go  near  the  fur- 
nace except  under  personal  instruction 
of  the  foreman.  Steam  should  be  kept 
going  into  the  dust  catcher  system  for 
at  least  24  hours  after  the  blast  is  taken 
off  the  furnace.  The  blowing  engine 
should  not  be  completely  stopped  but 
should  be  kept  slowly  running  until  all 
blow  i)ipes  are  down  and  the  tuyeres 
are  jjlugged  with  clay.  After  the 
tuyeres  are  plugged,  and  the  blast  is 
completely  off,  water  should  be  kept 
going  into  the  top  of  the  furnace  until 
the  fire  has  been  drowned  out.  The 
wet  stock  should  then  be  removed  from 
the  furnace  through  the  tuyeres  and 
cinder   notches. 

We  give  here  also  the  "blowing  out" 
practice  followed  by  a  large  blast  fur- 
nace operating  company,  a  member  of 
the  National  Safety  Council. 

"(a) — Tn  blowing  out  a  blast  furnace 
it  is  good  practice  to  follow  up  the 
last  ore  charge  witth  a  blank  charge  of 
coke  in  order  to  clean  off  the  walls  of 
the  furnace  and  remove  scaffolds,  etc., 
which  might  later  break  loose  and  fall 
while    workmen    are    plugging    tuyeres. 

"(b) — The  blast  should  be  gradually 
cut  to  keep  pace  with  the  decreased 
depth  of  material  in  the  furnace  until 
a  safe  minimum  is  reached,  sufficient, 
however,  to  provide  a  positive  pressure 
at  the  water  valves  under  blowing  out 
conditions. 

"(c) — The  bleeder  and  water  valves 
are  kept  open  during  the  blowing  out 
period,  and  the  explosion  doors  kept 
closed,  but  not  fastened  down.  All 
bleeders  and  other  valves  on  dust 
catchers,  down  comers  and  gas  flues 
should  be  kept  closed,  thus  driving  out 
the  gas  through  top  of  furnace  where 
bleeders  are  opened. 

"(d) — The  top  of  the  furnace  should 
be  cooled  by  water  sprays  preferably 
keeping  the  top  gas  below  700  degrees. 
The  steam  generated  is  also  a  guaran- 
tee against  top  explosions  and  the 
possibility  of  the  gas  ignating. 

"(e) — The  water  sprays  are  best 
located  around  the  outside  of  the 
hopper  and  around  the  apex  of  the 
large  bell.  The  bell  must  be  kept 
slightly  open  (an  inch  or  so)  either 
by  blocking  the  bell  beam  or  by  rods  or 
lugs  between  the  bell  and  its  seat.  The 
small  bell  also  must  be  similarly 
blocked  to  prevent  any  accumulation  of 
water,  which,  upon  opening  the  bells, 
would  drop  into  the  highly  heated  fur- 
nace interior  and  produce  an  explosion 
from  the  steam  and  water  gas  gener- 
ated. 

"(f) — If,  at  any  time  during  the 
blowing  out  period,  the  blast  is  taken 
from  the  furnace,  the  water  on  top 
should  be   stopped   simultaneously. 

"(g) — \t    many    plants    the    blast    is 


taken  off  while  the  stock  is  well  up  on 
the  bosh.  It  is  good  practice,  however, 
to  continue  the  blast  until  the  last  coke 
is  down  to  within  a  few  feet  of  the 
tuyeres,  thus  avoiding  the  labor  of  rak- 
ing out  a  large  mass  of  stock. 

"(h) — .\ftcr  the  final  cast,  all  men 
should  be  ordered  from  the  cast  house 
except  those  absolutely  necessary  to  the 
final  operations ;  the  mixer  valve 
should  be  closed,  water  valves,  filled 
the  water  shut  off  on  top,  both  bells 
opened,  snorter  valve  opened  and  cold 
blast  valve  at  stoves  closed.  It  is  also 
good  practice  to  admit  steam  into  the 
dust  catcher  just  before  opening  the 
bells.  Steam  is  left  on  furnace  several 
hours  after  furnace  is  off. 

"(i) — The  furnace  is  cast  as  dry  as 
possible  on  the  last  cast.  Any  iron 
and  cinder  remaining  is  allowed  to 
solidify,  this  being  later  removed  in 
form  of  a  salamander.  It  is  advisable 
to  keep  tapping  hole  open  after  blast 
is  off,  to  permit  any  slag  to  run  out. 

"(j)^Considerable  success  has  been 
had  recently  by  making  a  second  cast 
of  the  last  iron  and  cinder  after  the 
blast  has  been  taken  off  through  a  hole 
drilled  into  the  bottom  of  the  hearth 
below  the  jacket.  The  metal  is  run 
into  sand  beds.  In  this  case  if  the 
cast  is  to  be  made  after  the  furnace  is 
off,  stock  in  furnace  is  kept  just  below 
the  mantle. 

"(k) — Suflicient  time  having  elapsed 
after  the  first  cast,  the  tuyeres  are 
plugged  with  the  blow  pipes  in  place, 
and  the  water  gradually  turned  on  again 
on  the  furnace  top.  The  tuyeres  should 
be  plugged  one  at  a  time,  following  in 
turn  around  the  furnace,  so  that  in 
case  any  scaffolding  should  fall  the 
danger  to  the  crew  is  minimized. 
.'\fter  tuyeres  are  plugged,  the  furnace 
is  thoroughly  drowned  out,  then  blow 
pipes  can  be  removed  and  engines 
stopped,  and  the  stock  can  be  raked  out 
from   tuyeres   and   cinder   notch. 

"(i)  The  downcomers,  dustcatchers, 
gas  line  doors  and  bells  should  be  kept 
closed  for  24  hours  after  the  furnace  is 
out,  steam  being  admitted  through  the 
dustchatcher  during  this  time  and 
allowed  to  go  through  the  furnace  top. 
where  the  bells  and  bleeders  are  kept 
wide  open.  .'Vfter  this,  the  goggle 
valves  or  main  water  valves  leading 
from  dustchatcher  should  be  closed : 
work  can  then  be  started  on  the 
furnace." 

BLOWING    IN     BL.\ST    FURN.VCES 

After  the  furnace  is  lighted,  it  should 
be  allowed  to  stand  under  natural 
draft,  and  no  charging  should  be  done 
until  the  blow  pipes  are  up  and  blast 
is  on  the  furnace.  Blow  pipes  should 
never  be  put  up  until  after  the  blowing 
engines  are  turning  over.  All  fire 
should  be  kept  aw-ay  from  the  gas  burn- 
ers at  the  stoves  and  boilers  until  the 
gas  pressure  forces  the  air  out  of  all  gas 
mains,  and  forces  gas  through  every 
crack  and  crevice  in  the  whole  gas 
main  system.  Then  the  burner  farth- 
est from  the  furnace  should  be  lighted 
and  as  the  flow  of  gas  increases,  more 
burners  under  the  boilers  and  stoves 
can  be  lighted. 

(To  lie  continued) 
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The  1921  Safety  Calendar 
Is  on  the  Press 

There  is  Only  One  Safety  Calendar 
Printed  JEacli   Year  and  This  Is  It 


Each  month   of  the  calendar  is 
printed  on  a  separate  sheet,  with 
a  clever,  high-grade,  three-color 
illustration  at  the  top  of  each. 
Twelve    humorous   pictures, 
each    driving    home    forcibly 
its  own  safety  message. 


Hazards    common     both    to 
the    home   and    the    factory 
— serious  because  of  the  fre- 
quency of  the  accidents 
which  they  cause  — are  the 
subjects    around    which 
these  illustrations  are  built. 


This  calendar  offers  a 
splendid   opportunity   to 
round    out    safety    in- 
structions given  to   the 
man  in  the  shop  by  car- 
rying the  message  into 
his  home,  to  his  wife, 
and    to    his    children, 
and    through    them, 
back  to  him. 


On  quantity  orders  your  firm  name  will 
be  imprinted  without  additional  charge. 
Write  for  an  advance  copy  at  once.  It 
will  be  sent  to  you  by  return  mail 
without    any    obligation    on    your    part. 

NATIONAL  SAFETY  COUNCIL 

Co-  Operative  Xon-  Commercial 

168  North  Michigan  Avenue,  Chicago,  Illinois 


Size  101  X 
28  inches 


Please  mention  The  Electric  Journal  when  writing  to  advertisers 
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A.  E.  R.  A.  CONVENTION 

The  Thirty-ninth  Annual  Convention 
of  the  American  Electric  RaiUvaj'  Asso- 
ciation, scheduled  for  the  week  October 
II-IS,  promises  to  be  one  of  the  most 
important  in  the  histor>'  of  the  Associa- 
tion. A  glance  at  the  program  given 
below  reveals  the  importance  of  the 
subjects  to  be  discussed,  such  as  prob- 
lems of  fuel  supply,  valuation,  fare 
systems,  public  and  national  relations. 
Reservations  for  exhibit  space  this  year 
indicate  the  largest  and  most  interest- 
ing display  of  railway  apparatus  ever 
held  during  a  convention.  The  pro- 
grams of  the  American  Association, 
Engineering  Association,  and  Trans- 
portation and  Traffic  Association  are 
as  follows : — 

MONDAY,  OCTOBER  ii 
0:30  A.  M.  to  12:30  P.  M. 

Registration      and       distribution      of 
badges,  Young's  Million   Dollar  Pier. 
2:30  P.  M.  to  5:00  P.  M. 
Engineering  Association 

Annual  address  of   President. 

Reports  of  Executive  Committee,  Sec- 
retary-Treasurer, appointment  of  Com- 
mittee on  Resolutions. 

Reports  of  Committees : — 

Way  Matters— R.  C.  Cram,  Engineer 
of  Surface  Roadway,  Brooklyn 
Rapid  Transit,  Brooklyn,  N.  Y. 
Chairman. 

Buildings  and  Structures — D.  E. 
Crouse,  Chief  Engineer,  Rochester 
&  Syracuse  Railroad  Co.,  Inc., 
Syracuse,  New  York.     Chairman 

T.  &  T.  Assoc. 

Annual  Address  of  the  President. 

Annual  Reports  of  Executive  Com- 
mittee, Secretary-Treasurer,  appointment 
of  Convention  Committees  on : — 

(a)  Resolutions. 

(b)  Nominations. 

Joint  meeting  with  the  Accountants' 
Association. 

Report   of   Committee   on   Collection 
and  Registration  of  Fares. 
Joint   meeting  with   Claims'   Associa- 
tion. 

Report  of  Committee  on  Code  of 
Trafific  Principles.  Paper — "Auto- 
mobile Hazards,"  C.  M.  Talbert, 
Commissioner  of  Streets  and  Sewers 
of  St.  Louis  and  Chairman  of 
Public  Safety  Section,  National 
Safety  Council. 

TUESDAY,  OCTOBER  12 
9:30  A.  M.  to  12:30  P.  M. 
American  Association 
Annual  Address  of  the  President. 
Annual    Reports   of    Executive    Com- 
mittee, Secretary-Treasurer,  appointment 
of  Convention  Commitu  cs  on  : — 

(a)  Resolutions. 

(b)  Nominations. 

(c)  Recommendations  in  President's 
Address. 

Reports  of  Committees  on: — 

(a)  Compensation  for  Carrying  U. 
S.  Mail — V.  C.  Curtis,  Chairman, 
Secretarj',  The  Connecticut  Com- 
pany, New  Haven,  Conn. 

(b)  Electrolysis  —  Calvert  Townley, 
Chairman,  Asst.  to  President,  West- 
inghouse  Electric  &  Mfg.  Co. 


(c)  National  Relations— Charles  L. 
Henry,  Chairman,  President,  Indian- 
apolis and  Cincinnati  Traction  Com- 
pany,  Indianapolis. 

Address: — "Problems  of  Fuel  Supply" 
—Eugene  McAuliffe. 

Reports  of  Committees  : — 

(d)  Publicity — Barron  Collier,  Chair- 
man, President,  Barron  G.  Collier, 
Inc.,  New  York,  New  York. 

(e)  Committee  of  One  Hundred — 
Guy  E.  Tripp,  Chairman,  Westing- 
house  Electric  &  Mfg.  Company, 
New  York,  N.  Y. 

Discussion  of  Report  of  the  Federal 
Electric  Railways  Commission. 

2 :30  P.  M.  to  4 :30  P.  M. 

Joint  Meeting  of  Engineering  Assoc. 
WITH  T.  &  T.  Assoc. 

Report  of  the  Committee  on  Safety 
Car  Operation — C.  W.  Kellogg,  Stone  & 
Webster,  Chairman. 

4:30  P.  M.  to  5:30  P.  M. 

Paper: — "Standardization  and  its 
Effect  on  Stores." 

(a)  "From  a  Store  Keeper's  Stand- 
point," P.  F.  McCall,  Storekeeper, 
South  Side  Elevated  Railroad  Com- 
pany, Chicago,  111. 

(b)  "From  the  Purchasing  Agent's 
Standpoint,"  By  a  Purchasing  Agent. 

WEDNESDAY,  OCTOBER  13 
9:30  A.  M.  to  12:30  P.  M. 
American  Association 
Reports  of  Committees : — 

(a)  Fare  Systems — W.  H.  Sawyer, 
Chairman,  Vice-President  E.  W. 
Clark  Management  Corp.,  Columbus, 
Ohio. 

(b)  Aera  Advisory — R.  B.  Stearns, 
Chairman,  Vice-President  Eastern 
Mass.  Street  Railway  Co.,  Boston, 
Mass. 

(c)  Company  Membership— F.  R. 
Coates,  Chairman,  President  Toledo 
Railways  and  Light  Company, 
Toledo,  Ohio. 

Paper: — "Possibilities  of  Transporting 
Other  Than  Passengers." 

(a)  Urban  Lines — Col.  A.   R.  Piper. 

(b)  Interurban  Lines — Britton  I. 
Budd. 

Address: — "Training  of  Electric  Rail- 
way Personnel" — Martin  Schreiber. 

Address: — "Settlement  of  Labor  Dis- 
putes in  the  Interest  of  the  Public  and 
its  Influence  on  Fares" — Governor  Allen. 

2:30  P.  M.  to  5:00  P.  M. 
Engineering  Assoc. 

Reports  of  Committees : — 

Power  Distribution — Chas.  R.  Harte, 
Construction  Engineer,  Connecticut 
Co,,  New  Haven,  Conn.     Chairman. 

Power  Generation — A.  B.  Stitzer, 
Chief  Engineer,  Republic  Engineers, 
Inc.,  New  York.     Chairman. 

National  Electrical  Safety  Code — J. 
H.  Libbcy,  Electrical  Engineer, 
Eastern  Mass.  St.  Ry.  Co.,  Boston, 
Mass.     Chairman. 

Address — "The  Superpower  Line" — 
W.  S.  Murray,  Superpower  Survey, 
United  States  Geological  Survey. 
Chairman. 


THURSDAY,  OCTOBER  14 

2:30  P.  M.  to  5:00  P.  M. 

Engineering  Assoc. 

Reports  of  Committees: — 
Equipment — Daniel     Durie,     General 
Superintendent,     West    Penn     Rail- 
ways Co.,  Connellsville,  Pa.     Chair- 
man. 
Heavy      Electric      Traction — Sidney 
Withington,  New  York,  New  Haven 
&     Hartford     Railroad     Co.,     New 
Haven,   Conn.     Chairman. 
Standards — H.    H.    Adams,    Superin- 
tendent   of    Shops    and    Equipment, 
Chicago  Surface  Lines,  Chicago,  111. 
Chairman. 
Address — "Electrification      of      Rail- 
roads"— A.    H.    Armstrong,    Electrifica- 
tion   Committee,    General    Electric    Co., 
Schenectady,  N.  Y.     Chairman. 
Election  of  Officers. 
Installation  of  Officers. 

T.  &  T.  Assoc. 

Report  of  Committee  on  Economics  of 
Schedules — Edward  Dana,  General  Man- 
ager, Boston  Elevated  Railway  Co. 
Chairman. 

THURSDAY,  OCTOBER  14 

9:30  A.  M.  to  12:30  P.  M. 

American  Assoc. 

Reports  of  Committees: — 

(a)  Valuation— Col.  P.  J.  Kealy, 
Chairman,  President  Kansas  City 
Railways  Co.,  Kansas  City. 

Paper: — "Rate  of  Return"— Cecil  F. 
Elmes. 

Paper: — "Place  of  the  Botor  Bus"  — 
F.  C.  Pick;  "Place  of  the  Motor  Bus  as 
a  Supplement  to  Electric  Railways" — 
R.  G.  Smith. 

-Address :— "The  Motor  Vehicle — 
Competitor  or  Ally?" — Geo.  M.  Graham. 

-Address : — "An  Outside  View  of  the 
Electric  Railway  Industry" — Melville  E. 
Stone. 

Reports  of  Convention  Committees : — 

(a)  Recommendations  in  President's 
Address. 

(b)  Resolutions. 

(c)  Nominations. 
Election  of  Officers. 
Installation  of  Officers. 

2 :30  P.  M.  to  5  :oo  P.  M. 

Engineering  Assoc. 

Reports  of  Committees; — 
Way  Matters — R.  C.  Cram,  Chair- 
man, Engineer  of  Surface  Roadway, 
Brooklyn  Rapid  Transit  Co. 
Buildings  and  Structures — D.  E. 
Crouse,  Chairman,  Chief  Engineer 
Rochester  &  Syracuse  Railroad 
Company,  Syracuse. 

Election  of  Officers. 

Installation  of  Officers. 

T.  &  T.  Assoc. 

Reports  of  Committees: — 
Express  and  Freight  Traffic  Facili- 
ties and  Costs — P.  P.  Crafts,  Man- 
ager Freight  Department,  Eastern 
Massachusetts  Street  Railway  Com- 
pany, Boston.  Chairman. 
Merchandising  Transportation — F.  G. 
Buffe,  General  Manager,  Kansas 
City  Railway  Co.     Chairman. 
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PERSONALS 


Mr.  G.  S.  Sawin,  formerly  of  the 
Public  Service  Electric  Co.,  has  become 
connected  with  the  Westinghouse  Elec- 
tric &  Mfg.  Co.  as  assistant  to  manager 
of  the  supply  department  at  East  Pitts- 
burgh. 

Mr.  L.  C.  Richards,  district  service 
manager  at  New  York,  has  been  placed 
in  charge  of  the  electrical  service  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Co.  with  offices  at  East  Pitts- 
burgh. 

Prof.  E.  A.  Hitchcock,  vice-president 
of  the  Bailey  Meter  Co.  of  Cleveland, 
has  been  appointed  dean  of  the  college 
of  engineering  of  Ohio  State  University, 
Columbus. 


Mr.  Edward  W".  Harry,  electrical  en- 
gineer of  the  National  Tube  Company, 
McKeesport,  Pa.,  has  resigned  to  become 
chief  electrical  engineer  of  the  Pitts- 
burgh Steel  Co.,  Monessen,  Pa. 


Mr.  Alfred  M.  Staehle  has  resigned 
the  editorship  of  Blast  Furnace  and 
Steel  Plant  of  Pittsburgh  to  accept  a 
position  with  the  publicity  department  of 
the  Westinghouse  Electric  &  Mfg.  Co. 
at  East  Pittsburgh,  where  he  will  be  in 
charge  of  publicity  work  for  the  in- 
dustrial department. 

Mr.  Martin  Schreiber,  chief  engineer 
of  the  Public  Service  Railway  of  New- 
Jersey,  has  been  appointed  manager  of 
the  southern  division  of  the  Company 
with  headquarters  at  Camden. 


Mr.  W.  J.  Kaup,  formerly  general 
supervisor  of  tools,  Westinghouse  Elec- 
tric &  Mfg.  Co.,  has  resigned  from  his 
position  of  chief  engineer  of  the  Crucible 
Steel  Co.  of  America  to  devote  his 
entire  time  to  his  consulting  engineering 
work. 


Mr.  Lesl.ey  C.  Paul,  formerly  of  the 
editorial  department  of  the  Electric 
Railcvay  Journal,  is  now  connected  with 
the  publicity  department  of  the  West- 
inghouse Electric  &  Mfg.  Co.  in  charge 
of   railway  publicity. 

Mr.  S.  H.  Abbott  w^ho  was  with  the 
Westinghouse  Electric  &  Mfg.  Company 
in  the  Baltimore  Service  Department 
from  1900  to  1917  and  was  in  France 
as  an  officer  in  the  engineering  corp 
during  IQ17  to  1919,  has  recently  re- 
turned from  an  installation  trip  to 
Luchon,  France,  where  he  went  to  install 
two  122000  volt  outdoor  substations  and 
has  taken  up  work  with  the  Westing- 
house Electric  International  Company  at 
East  Pittsburgh. 


methods  of  installing  electric  appar- 
atus a  review  of  this  book  certainly 
should  be  decidedly  helpful,  as  it  is 
much  more  easier  to  understand  than 
the  code  text  itself.  Various  wiring 
schemes  are  illustrated  showing  meth- 
ods which  have  been  found  most 
suitable  for  various  arrangements  of 
circulation. 

"Electrician's       Handy       Boo  k" — T. 
O'Connor     Sloane.      825     pages,     600 
illustrations.         Published      by      The 
Norman  W.  Henley  PubHshing  Com- 
pany.    For    sale    by    The    Electric 
Journal.     Price  $4.00. 
This  is  the  fifth  edition  of  this  hand- 
book originally  brought  out  in  1905.     It 
contains   46  chapters   and   is   written    m 
elementary      form.      Some      elementary 
mathematics  is  given  in  the  first  chapter 
and     some     fundamental     electrical     in- 
formation    in     the     second,     third     and 
fourth  chapters  with   reference  to  elec- 
trical units.     Three  chapters  are  devoted 
to     electrical    chemistry    and    batteries 
followed   bv   chapters    on    magnets    and 
induction.    Several  chapters  are  devoted 
to  direct-current  machines  and  the  same 
anplies   to   alternating-current  machmes. 
This  book  attempts  to  cover  the  entire 
field    hence  includes  sections  on,  arc  and 
incandescent   lamps,   telephony,   wireless 
telegraphv,      electric      furnaces,     hftm.u 
magnets,"    various      types      of      meters, 
lightning  arresters,  etc. 

"Office      Administration"  —  T.      William 

Schulze.     205    Papes,    .-^o    illustrations. 

Published  by  McGraw-Hill   Book  Co. 

Price.  $4.oO- 

This  book  aims  to  present  a  thorough 
discussion  of  the  principles  and  methods 
which  underlv  efficient  and  economical 
office  management  for  the  use  both  ct 
the  potential  executive  and  those  who 
have  alreadv  arrived.  The  author  is 
also  the  author  of  "The  American 
Office"  published  several  years  ago  and 
the  present  book  is  somewhat  along  the 
same  lines.  Considerable  space  is  de- 
voted to  the  selection  and  training  of 
office  emplovces.  using  modern  methods. 
Office  lavouts  are  given  detailed  atten- 
tion, showing  those  arrangements  which 
have  been  found  mo'^t  satisfactory  in 
use.  Examnles  are  given  of  office  lav- 
outs used  bv  various  prominent  con- 
cerns. Onlv  a  small  number  of  forms 
is  used  as  these  must  ordinarilv  be  de- 
siened  particularly  for  each  annlicatiou 
This  book  should  be  of  considerable  in- 
terest to  any  one  havincr  to  do  with 
general   office  administration. 


NEW  BOOKS 


"Wiring  for  Light  and  Power" — 
Terrell  Croft,  455  pages — 426  Illus- 
trations. Pocket  size,  flexible — Pub- 
lished by  McGraw-Hill  Book  Com- 
pany. For  Sale  by  The  Electric 
Journal,  Price  $3.00. 

This  is  the  second  edition  of  this 
work  originally  published  in  1917  and 
contains  modifications  corresponding 
to  changes  in  national  electrical  code 
on  which  the  entire  book  is  based. 
Sections  of  the  code  are  given  in 
small  type  and  explanations  in  detail 
in  larger  type.  To  those  who  wish  to 
become  acquainted    with    the    approved 


NEW   CARBON   BRUSH 
CATALOGUE  ISSUED 

The  National  Carbon  Company  of 
Cleveland,  Ohio,  has  released  to  the 
trade  their  new  motor  and  generator 
brush  catalogue  No.  35,  in  which  the 
well  known  line  of  Columbia  Pvramid 
Carbon  Brushes  is  described  and  illus- 
trated. The  catalogue  is  designed  to 
assist  the  operator  as  well  as  the  en- 
gineer toward  a  better  understanding  of 
brushes,  and  in  preparing  it  the  prob- 
lems of  manufacturers,  designers  and 
operators  have  been  borne  in  mind. 
If,  however,  further  information  on  any 
na'rticular  grade  is  desired,  the  engineer- 
ing department  of  the  National  Carbon 
Companv   will    be    glad    to    supply   it. 
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It  has  been  generally  recognized  that 
Venlilated  ^rane  and  hoist  motors  should  be  pro- 
Motors  for  j^^^g^  against  du't,  dust  and  falling 
Hoist  Work  particles.  The  new  design,  described 
by  Mr.  F.  L.  Moon  in  the  article  on  "Direct-Current 
Motors  for  Crane  and  Hoist  Work",  is  enclosed  to 
give  this  pi-otection,  but  has  small  openings  in  the  front 
and  rear  brackets  to  allow  free  passage  of  air  without 
unnecessarily  exposing  the  winding  and  commutator  of 
the  motor. 

The  increased  ventilation  thus  obtained  materially 
reduces  the  temperature  rises  in  the  motor;  or,  to  state 
it  another  way,  increases  the  rating.  This  increase  is 
much  greater  on  the  continuous  rating  than  on  the 
short-time  rating.  That  is,  of  two  motors  which  have 
the  same  short  time  rating,  the  ventilated  motor  will 
have  a  much  higher  continuous  rating  than  the  non- 
ventilated  motor.  This  continuous  rating,  from  the 
standpoint  of  temperature  rise,  is  the  true  measure  of 
the  work  the  motor  will  do. 

A  crane  motor  of  ventilated,  enclosed  design  can 
be  built  with  less  total  height  than  a  non-ventilated 
motor.  This  is  frequently  a  matter  of  importance  in 
crane  designs,  where  only  small  overhead  room  is  avail- 
able. 

A  small  diameter  armature  is  used,  resulting  in  a 
very  low  armature  inertia.  In  ventilated  designs  the 
inertia  effect  of  the  armature  is  only  one-third  to  one- 
fourth  of  that  found  in  similar  non-ventilated  designs. 
A  material  saving  of  power  results  from  this  lower 
armature  inertia,  in  applications  where  frequent  revers- 
ing is  encountered ;  also  there  is  less  wear  and  tear  on 
the  brakes  and  mechanical  parts  of  the  motor. 

To  summarize,  the  ventilated  design  has  the  ad- 
vantages of  higher  continuous  rating,  smaller  over-all 
dimensions  and  less  power  consumed  in  starting  and 
stopping,  than  in  similar  designs  which  are  .not  venti- 
lated. L.  C.  McClure 


Electric   Power 

for 
Refrigeration 


The  manufacture  of  artificial  ice  has, 
from  its  inception,  been  associated  in 
the  popular  mind  with  a  boiler  plant 
and  one  or  more  stacks  producing 
large  quantities  of  black  smoke  down  by  the  railroad. 
It  was  generally  assumed  that  the  ice  must  be  manu- 
factured from  distilled  water,  which  required  an  exten- 
sive boiler  plant;  and  that,  with  the  boiler  plant  already 
at  hand,  the  power  required  for  the  refrigeration  pro- 
cess could  be  obtained  almost  for  nothing  by  running 
the  steam  first  through  the  engine  which  drove  the 
ammonia   compressors.     The    idea   of   locating  such   a 


dirty  and  noisy  establishment  in  the  heart  of  a  residence 
district  was  unthinkable,  even  where  it  was  recognized 
that  the  ice  would  cost  less  if  it  did  not  have  to  be 
hauled  so  far,  an  idea  which  was  usually  given  but 
scant  consideration. 

In  recent  years,  however,  the  rising  cost  of  labor 
and  local  transportation  have  caused  them  to  become  a 
disproportionate  factor  in  the  total  cost  of  the  delivered 
product.  It  began  to  be  seen,  especially  in  the  larger 
cities,  that  some  means  of  manufacturing  the  ice  close 
to  the  center  of  distribution  was  highly  desirable.  This 
idea  was  emphasized  in  the  case  of  large  hotels,  storage 
warehouses,  etc.,  where  the  manufacture  of  ice  was 
largely  eliminated  by  the  use  of  direct  refrigeration 
with  cold  brine.  The  electric  motor  solved  the  problem 
of  noise  and  dirt  for  such  installations.  Distilled  water 
for  the  small  quantity  of  ice  needed  for  drinking  water, 
etc.,  was  obtained  as  a  byproduct  of  the  heating  system, 
or  this  ice  was  purchased  outside. 

Distilled  water  was  necessary  for  two  reasons. 
The  water  supply  was  frequently  muddy  and,  even 
v\  here  the  water  was  sufficiently  pure,  small  particles  of 
air  freezing  in  the  ice  produced  a  cloudy  appearance. 

In  recent  years  both  these  objections  to  "raw 
water"  ice  have  disappeared.  In  practically  all  of  our 
cities,  the  water  supply  is  clean,  due  either  to  extensive 
filtration  plants  or  to  an  aqueduct  bringing  water  from 
;i  clean  source.  As  described  by  Mr.  Carlsen  in  this 
issue,  the  cloudy  eft'ect  has  been  completely  eliminated 
by  various  processes  of  agitating  the  water  during 
freezing,  which  [jroduce  ice  as  clear  as  anv  manufac- 
tured from  distilled  water. 

Raw  water  ice  has  practically  revolutionized  the 
ice  making  business.  The  modern  electric  motor- 
dri\en  ice  plant  is  clean  and  noiseless,  and  when  housed 
in  a  suitable  building  is  not  detrimental  to  the  finest 
residence  district.  In  fact,  as  shown  by  the  map  in  Mr. 
Carlsen's  article,  such  plants  are  scattered  throughout 
the  best  residence  districts  of  Chicago,  and  the  same 
condition  is  rapidly  being  reached  in  other  cities.  Since 
the  small  motor-driven  iceplant  is,  within  limits,  almost 
as  efficient  as  a  much  larger  plant,  such  locations  mean 
much  in  reducing  the  ultimate  cost  of  the  ice. 

The  small  motor-driven  ice  plant,  located  close  to 
the  center  of  distribution  represents,  therefore,  the  ulti- 
mate idea  in  the  present  system  of  preserving  food 
stuffs  by  the  use  of  ice.  It  can  only  be  replaced  by  the 
still  greater  improvement,  which  is  sure  to  come  in  the 
future,  of  having  a  miniature  motor-driven  refrigerat- 
ing plant  in  each  home,  so  that  the  wholesale  manufac- 
ture and  distribution  of  ice  will  be  entirely  unnecessary. 
Chas.  R.  Riker 
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SOME  YEARS  ago  no  diiTicuU>  would  have  been 
experienced  by  central  station  interests  in  giving 
the  number,  size,  capacity  and  even  performance 
of  the  electrically-operated  refrigerating  machines  or 
plants  in  any  part  of  the  country.  Today  such  general 
information  would  be  impossible,  for  the  number  of 
electrically-operated  installations  has  increased  so 
enormously  during  the  past  three  years  as  to  have  made 
it  impossible  for  anyone, interested  to  keep  in  close  touch 
with  such  developments.  Nor  have  war  conditions 
been  responsible  for  such  rapid  growth  excepting  in  an 
indirect  manner.  True,  the  urgent  need  for  greater 
economy  was  a  vital  factor  and  so  far  as  central  station 
service  was  concerned  a  great  help,  yet  the  economic 
possibilities  of  the  electrically-operated  plant  using  cen- 
tral station  service  existed  before  just  as  well  as  aftei 
the  war. 

Prior  to  the  war  the  central  stations  had  confined 
their  energies  mostly  to  securing  the  electrification  of 
new  plants,  that  being  the  path  of  least  resistance,  and 
for  such  cases  there  are  indisputable  arguments  made 
possible  through  the  success  of  manufacturing  ice  from 
raw  or  practically  untreated  water.  Existing  plants, 
however,  were  an  entirely  different  problem.  They  were 
already  complete  units  and,  with  the  exception  of  a 
few  plate  ice  plants,  all  were  manufacturers  of  distilled 
water  ice  and  used  steam,  gas,  oil  or  producer  gas  en- 
gines as  prime  movers. 

To  those  of  the  central  station  industry  who  have 
attempted  to  prove  to  the  distilled  water  ice  manufac- 
turer the  equality  of  raw  water  ice  as  compared  with  his 
distilled  water  product  no  more  need  be  said.  Those 
who  have  not  had  that  privilege  have  missed  a  splendid 
opportunity  of  using  their  fighting  ability  to  its  utmost. 

Then  came  the  world  war  and  the  distilled  water 
ice  manufacturer  was  confronted  with  these  serious 
problems:- — the  shortage  of  labor,  shortage  of  fuel  and 
the  fact  that  his  product — presumably  far  superior  in 
his  judgment  to  raw  water  ice  and  costing  considen,ble 
more  to  manufacture — received  no  more  consideration 
at  the  hands  of  the  public  than  the  ordinary  raw  water 
ice.  And  we  had  been  telling  him  this  for  years  but 
he  would  not  listen.  Now  with  production  costs 
mounting  and  plant  troubles  increasing,  he  was  com- 
pelled, from  the  viewpoint  of  self-preservation,  to  do 
what  he  had  consistently  refused  to  do,  make  a  thor- 
ough and  comprehensive  study  and  comparison  between 
his  present  plant  and  its  operation  as  against  electrifi- 
cation and  central  station  service.  We  are  all  aware  as 
to  what  the  result  has  been,  for  almost  daily  we  hear 
of  plants  being  changed  to  electric  drive  in  all  parts  of 
the  country  from  the  Atlantic  to  the  Pacific  and  from 
Canada  to  Mexico. 


As  previously  stated,  this  electrification  of  ice  and 
refrigeration  plants  has  been  so  general  throughout  the 
country  and  so  stupendous  that  no  attempt  has  been 
made  to  keep  in  touch  with  its  growth  except  in  a 
general  way.  For  that  reason  the  following  will  be  con- 
fined almost  entirely  to  the  Chicago  territory. 

Some  general  idea  of  the  business  of  ice  manu- 
facture and  refrigeration  in  this  territory  can  be  had 
from  Fig.  i.     The  total  load  indicated  is  approximately 

HOWAKUe 


FIG.    I — LOCATION   OF   LARGE   ICE  AND   REFRIGERATION    PLANTS   USING 
CKNTRAL   STATION    SERVICE  IN   CHICAGO 

The  luimlicrs  in  the  circles  indicate  hundreds  of  horse-power. 

33  638  horse-power  and  represents  large  ice  and  re- 
Irijicration  loads  only.  It  does  not  include  a  3<k)0  horse- 
power load  with  service  purchased  indirectly  from  the 
central  station  on  a  resale  basis  nor  a  2600  horse-power 
load  just  across  the  line  outside  the  Chicago  terntory. 
Neither  does  it  include  refrigeration  loads  of  relatively 
large  size  in  markets,  hotels,  restaurants,  theaters  and 
packing  houses. 

At  the  close  of  1918,  there  were  32  large  refrigera- 
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tion  plants  on  central  station  service.  Twenty-three  of 
these  plants  were  exclusively  ice  making,  one  ice  making 
and  cold  storage  and  eight  combination  ice  and  ice 
cream.  They  produced  643  113  tons  of  ice,  i  543344 
gallons  of  ice  cream  and  consumed  32  610  868  kw-hr. 
The  total  connected  load  was  13  431  hp.  with  a  com- 
bined maximum  summer  load  of  9589  kw.  The  kw-hr. 
consumption  also  included  the  charging  of  about  60  elec- 
tric delivery  trucks  of  from  three  to  six  tons  capacity 
and  necessary  lighting  service  for  the  various  plants. 
In  addition  there  were  two  large  cold  storage  plants  hav- 
ing a  connected  load  of  approximately  2400  hp.  with  a 
combined  maximum  of  1079  kw  for  the  year  and  a  con- 
sumption of  3  935  640  kw-hr.  The  average  kw-hr.  per 
ton  of  ice — yearly  record  combined — for  the  twelve 
best  plants  was  43.2  the  lowest  being  38.5  kw-hr.  The 
yearly  load  factor  of  the  entire  refrigeration  and  ice 
manufacturing  load  was  37.8  percent. 

For  this  year  six  steam-driven  distilled-water  ice 
plants  were  changed  to  raw  water  plants  and  electric- 
ally-operated from  central  station  service  and  one  elec- 


tbe  17  all  but  three  will  have  synchronous  motors,  direct 
connected  to  compressors,  with  speeds  ranging  from  72 
to  150  r.p.m.  and  in  sizes  from  150  to  650  horse-power. 

One  of  the  greatest  difficulties  attending  a  plant 
change  from  any  type  of  prime  mover  other  than  elec- 
tric to  electric  drive  has  been  the  lack  of  space  for  in- 
stalling the  motor  and  belt  drive.  The  advent  of  direct 
connection,  combined  with  a  slow  motor  speed,  makes 
it  possible  to  cope  with  any  existing  situation,  for 
vrith  direct  connection  there  is  not  only  an  actual  saving 
in  space,  but  in  cost  of  installation  as  well. 

Another  new  development  is  a  synchronous  motor 
designed  for  direct  drive  in  which  the  flywheel  effect  is 
absorbed  by  the  motor,  no  fly  wheel  being  used  on  the 
compressor.  Already  reports  have  come  from  the  West 
of  the  successful  test  and  operation  of  such  a  unit  and 
its  confinnation  will  be  awaited  with  a  great  deal  of  in- 
terest, for  such  a  unit  offers  still  greater  possibilities 
for  the  central  station. 

Many  industries  have  refrigeration  units,  steam 
driven,  in  too  good  a  condition  physically  to  scrap  and 


(a) 


{b)  (0  ('/) 

FIG.    2 — niSTILLED    AND    RAW    WATER    ICE    MANUFACTURED   BY    DIFFERENT   PROCESSES 
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trically-operated  distilled-water  plant  was  changed  to  a 
raw-water  plant.  At  the  close  of  the  year  1919  there 
were  41  large  ice  and  refrigeration  plants  on  central 
station  service  with  a  total  connected  load  of  18  215  hp., 
a  combined  service  maximum  of  12  907  kw  and  a  con- 
sumption of  55  713  226  kw-hr.  Of  this  latter  amount 
49  754  000  kw-hr.  were  used  in  the  production  of 
1  056  093  tons  of  ice  or  an  average  of  all  plants  of  48 
kw-hr.  per  ton,  although  the  best  plant  produced  at  the 
yearly  rate  of  2)7  kw-hr.  per  ton.  The  annual  load  fac- 
tor of  all  plants  was  45  percent. 

.So  far,  for  1920,  17  new  plants  have  been  added, 
making  a  total  of  58  plants  and  a  connected  load  as 
previously  stated  of  33  638  hp.  Of  the  17  additional 
plants,  five  are  new  ice  making  plants  exclusively,  four 
are  ice  and  refrigeration,  four  are  combination  ice  and 
ice  cream,  one  is  a  large  cold  storage  plant,  one  is  a  raw- 
water  steam-driven  plant  changed  to  raw-water  electric 
and  two  are  packing  house  ice  and  refrigeration  plants. 
In  addition  to  the  above,  four  of  the  old  plants  are  prac- 
tically doubling  their  equipment  and  service  capacity 
output.     A  unique  feature  of  these  new  plants  is  that  of 


yet,  because  of  limitation  of  housing  and  flywheel  space, 
electrification  in  the  ordinary  sense  is  impossible.  A 
motor  that  will  fit  into  such  a  space  and  carry  with  it 
the  possibility  of  flywheel  effect  will  meet  with  a  most 
hearty  welcome. 

Another  matter  of  interest  is  the  present  method 
of  serving  these  customers  from  central  stations.  The 
customer  supplies  a  room  approximately  17  by  40  by  12 
ft.  high;  10  by  17  ft.  being  for  line  room  and  approxi- 
mately 17  by  30  ft.  for  trajisformer  room.  Service  is 
from  the  12  000  volt  underground  system  and  is  fed 
directly  from  the  generating  station  through  the  cus- 
tomer's line  room  equipped  with  automatic  relays  and 
tinck  to  the  generation  station  as  a  loop  connection,  thus 
supplying  the  customer  with  the  greatest  possible  assur- 
ance of  continuity  of  service.  Usually  from  eight  to 
ten  customers  are  supplied  from  one  such  loop  service. 

In  the  data  on  kw-hr.  per  ton  of  ice  produced  it 
must  be  borne  in  mind  that  these  are  the  average  con- 
ditions of  a  large  number  of  plants.  Chicago  has  every 
conceivable  type  of  raw  water  ice  plant  with  but  one  ex- 
ception— the  plate  ice  plant.    True,  many  of  these  plants 
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are  not  as  modern  as  new  plants  of  the  same  general 
tjpe  would  be,  yet  operating  results  would  not  be  far 
different  between  the  two  as  a  relatively  small  number 
of  improvements  have  been  brought  out  in  the  past  five 
years  or  so  in  the  matter  of  raw  water  ice  manufacture. 


FIG.    3 — SYNCHRON'OL-S     MOTOR    PIRICCT    COXNECTED    TO    COMPRESSOR 
WITHOUT    SEPARATE    FLY-WHEF.L 

The   rotor    for   the   synchronous   motor  has   a   W'R"   flj-whccl 
ctTect  gi  20S000  pounds. 

Tn  general  there  are  but  two  methods  in  use  in  the 
manufacture  of  raw  water  ice,  the  simple  drop-pipe 
low-pressure  system  wherein  air  for  agitation  of  fresh 
water  in  freezing  is  carried  at  a  pressure  sufficient  to 
overcome  the  static  head  of  water  in  cans,  and  the  so- 
called  high-pressure  system,  where  the  air  is  carried  at  a 
high  pressure  in  order  to  dehydrate  before  being  re- 
leased in  the  cans.  The  term  high-pressure,  however,  is 
a  misnomer  so  far  as  air  pressure  used  for  agitation  of 
freezing  water  is  concerned,  as  they  are  both  practically 
at  the  same  pressure  when  released  to  the  cans.  The  rea- 
son why  one  system  can  use  ordinary  air  at  pressures 
slightly  above  the  static  water  head  of  the  water  in  the 
cans  whereas  the  other  .system  requires  much  higher 
pressure,  is  obvious.  With  the  low-pressure  drop-pipe 
system,  the  air  tube  is  located  in  that  part  of  the  ice  cake 
last  to  freeze  or  close;  it  can  therefore  be  withdrawn 
just  previous  to  the  closing  period,  the  remaining  li()uid 


FIG.   4— i»"i    111-,    I,.,!!   Ki-.Ni,    :mmiiii<    lilKKir   Lu.NNKCTEn  TO  A 
HORIZONTAL   Dll'I.EX    COMPRESSOR 

removed  and  replaced  with  fresh  water  and  then  left  to 
close.  Any  interruption  to  the  air  circuit  would  only 
temporarily  stop  agitation  but  the  air  tube  would  not 
freeze  up.  When  air  pressure  is  again  restored  agita- 
tion is  immediately  renewed.     With  the  high-preis,ure 


system,  the  air  tube  may  or  may  not  be  rigidly  fastened 
to  the  can,  but  the  tube  during  at  least  the  greater  part 
of  the  freezing  period,  will  be  within  the  freezing  zone 
where  the  temperature  may  be  15  to  20  degrees  F  be- 
low freezing.  For  that  reason  it  will  at  once  be  ap- 
parent that  dry  air  or  air  free  from  moisture  must  be 
supplied,  else  moisture  will  collect  and  freeze  within  the 
air  tube,  shutting  ofT  the  air  supply  so  necessary  to  the 
manufacture  of  clear  raw  water  ice.  Again  it  will  be 
clear  that  the  high-pressure  system  will  require  slightly 
more  power  in  producing  a  ton  of  ice,  all  other  factors 
being  equal,  than  the  single-drop  pipe  system,  but  there 
are  strong  advocates  for  the  system,  who  claim  a  better 
and  clearer  product  can  be  produced  and  a  saving  in 
labor  eiifected  that  will  more  than  make  up  for  the  dif- 
ference in  power. 

Fig.  2  is  a  composite  picture  showing  the  (lu.ility 
of  ice  as  manufactured  by  the  different  processes,  (a) 
shows  distilled  water  ice.  (b)  shows  ice  manufactured 
by  the  ordinary  drop  pipe  system,  producing  a  core  sec- 
tion in  the  middle  of  the  cake,  (c)  shows  ice  made  by 
the    high-pressure    system    with    air    released    at    the 


FIG.    5 — BELT   DRrVEN    COMPRESSORS 

Compare   the   amount    of    space    required   for   this    installation 
with  those  shown  in  Figs.  3  and  4. 

bottom  of  the  can.  The  sample  shown  in  (d)  was  also 
made  by  the  high-pressure  system,  the  air  tube  being 
supported  on  the  top  edge  of  the  can  and  the  tube  frozen 
in,  during  the  process  of  manufacture.  The  tube  is  re- 
leased by  applying  a  steam  or  warm  water  needle ;  the 
hole  left  in  the  ice  cake  upon  removal  of  the  air  tube 
can  be  seen  in  this  illustration,  (e)  shows  samples  of 
opaque  and  clear  raw-water  ice  side  by  side,  the  cake  to 
the  left  showing  air  failure,  with  no  water  agitation 
during  freezing,  and  that  to  the  right  being  made  by 
the  ordinary  drop  pipe  system;  upon  close  inspeclion 
the  core  of  this  cake  is  found  to  be  very  thin  and 
feathery.  Sample  (a)  and  the  ice  cake  on  the  left  of 
(e)  are  similar  in  one  respect  in  that  neither  were  sup- 
plied with  air  during  the  process  of  freezing.  They 
differ  however  in  that  (p)  was  made  of  distilled  water, 
with  the  air  and  impurities,  both  soluble  and  insoluble, 
removed  through  the  process  of  boiling,  reboiling  and 
filtering,  so  that  no  agitation  is  required  during  freez- 
ing to  produce  clear  ice.  (e)  however,  had  only  a  por- 
tion   of    its    impurities    removed    through    chemical    or 
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filtering  process  or  both,  and  required  continual  agita- 
tion of  the  water  in  freezing  in  order  to  produce  clear 
ice  through  continual  movement  of  the  water  during 
freezing. 

In  analyzing  various  plants  in  regard  to  the  kw-hr. 
per  ton  of  ice  produced,  differences  are  found  in  manv 
instances,  due  to  local  conditions  either  as  to  system  or 
operation  and  in  a  few  cases  the  lack  of  a  true  heat 
balance  in  the  plant.  This  latter  is  a  feature  now  being 
taken  up  in  many  of  the  plants  and  we  may  expea 


FIG.  6 — TYI'ICM.  ICE  T.\NK  DECK  WITH   .\  THREE  4OO  TOUXn 
C.\N    HOIST 

The  usual  installation  has  hcen  for  a  two  can  hoist,  with 
the  exception  of  a  very  few  cases  where  multiple  can  hoist  has 
been  used.  For  example  in  Detroit,  the  Murphj'  plant  has  a 
twelve  400  pound  hoist. 

more  uniform  results  in  plants  having  similar  systems 
and  installations.  In  this  respect  there  is  one  thing 
worthy  of  note  and  that  is,  one  of  our  oldest  plants 
having  the  simple  drop-pipe  system  is  performing  as 
well  today  as  it  did  when  first  started  ten  years  ago,  and 
the  yearly  average  remains  very  constant,  averaging 
from  41  to  43  kw-hr.  per  ton  of  ice  produced  on  a  yearly 
i.a.si.s.  In  connection  with  the  above  statements  as  to 
(!ift'erences  in  kw-hr.  per  tons  of  ice  produced  in  various 
plants,   comparison   between   two   plants   of   about   the 

TABLE    I— COMPARISON    OF    OPERATING    RESULTS 
FOR  THE  YEAR  1919 


Plant  N 

0.  I 

PI 

ant  N 

0. 

^ 

.  „ 

..  j 

j= 

■" 

1    ! 

& 

« 

^t> 

^ 

'1  Is^ 

Jan. 

S40 

53] 

Feb. 

15000 

i75 

70 

200941  129 

Mar. 

113  5^0 

218 

2397 

47 

86  149I  188  1 

.Apr. 

137  760 

218 

3039 

4.S 

110472 

197 

Mav 

146  640 

221 

.3051 

48 

"3  197 

248 

fune 

113600 

259 

2690 

42 

157443 

255 

Inly 

181  120 

272 

3029 

60 

169  597 

258 

Aug. 

187  360 

275 

30071  62 

160  291 

255 

Sept. 

188960 

282 

2860  06 

168528 

257 

Oct. 

156000 

281 

2730  57 

1 10  453 

255 

Nov. 

S3  840 

218 

1350  62 

23914 

75 

Dec. 

2400 
'i  327  040 

38 

108 

108 

Total 

282 

24340 

54-7 

I  102299 

258  2C 

I  ^  0,1 


2168 

27 

3600 

31 

3400 

33 

3744 

42 

3952 

43 

3996 

40 

3868 

43 

3028 

36 

988 

24 
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same  capacity  given  in  Table  I  will  undoubtedly  be  in- 
teresting. Both  of  these  plants  use  the  simple  drop-pipe 
system  and  near  enough  in  size  and  output  to  present  a 
good  comparison.  It  is  not  the  intent  here  to  go  into 
the  causes  responsible  for  the  differences  in  plant  pro- 
duction as  indicated  above,  but  merely  to  take  two  plants 
as  nearly  identical  as  possible  and  show  that  such  dif- 
ferences do  occur  and  how  easy  of  detection  these  in- 
equality are  due  to  the  electrical  operation  of  the  plants. 


In  such  plants  it  is  not  necessary  to  take  monthly 
checks ;  it  can  be  done  every  day  and  is  done  in  the  best 
regulated  plants  and,  whenever  plant  irregularities 
occur,  they  are  investigated  immediately  and  eliminated. 

The  following  information  for  central  station  men 
has  just  been  received  from  Mr.  Furness — erecting  en- 


HFTING    Sr.X   400   POUND   C.\NS 

Installed  in  the  Greenview  plant  of  the  Lincoln  Ice  Co., 
Chicago.  These  cranes  each  have  a  three  motor  equipment  for 
the  rack,  travel  and  hoist,  and  will  pay  for  themselves  in  labor 
saved  in  less  than  three  years. 

gineer  for  the  John  Morrell  Packing  Company  of  Sioux 
Falls,  South  Dakota. 

This  installation  consists  of  a  375-400  hp,  ihree- 
I)hase,  60  cycle,  2300  volt,  synchronous  motor,  direct 
connected  to  the  crank  shaft  of  a  15  by  36  inch  hori- 
zontal compressor  of  250  tons  capacity  at  yi  r.p.m. 
No  flywheel  is  used  on  this  compressor,  the  flywheel 

TABLE  II— TEST  ON  SYNCHRONOUS  MOTOR  DIRECT- 
CONNECTED  TO  A  250  TON  COMPRESSOR 
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effect  being  supplied  by  the  motor  rotor  which  weighs 
187000  pounds.  To  start  from  dead  stop  to  full  run- 
ning speed  15  seconds  are  required  with  130  ampere?  at 
pull-in.  This  is  the  first  installation  of  its  kind  where 
the  motor  rotor  has  taken  the  place  of  the  flywheel  for 
compressor  work.  The  data  shown  in  Table  II  were 
obtained  during  a  test  made  by  Mr.  Furness  when  the 
machine  was  first  started  up. 
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By  far  the  greater  part  of  central  station  efforts 
up  to  date  have  been  directed  toward  obtaining  the  ice 
manufacturing  business.  But  tnere  still  remains  a  very 
considerable  load  in  steam-driven  equipment  in  cold 
storage  plants. 

There  is  absolutely  no  reason  why  electrically-op- 
erated plants  should  not  be  as  desirable  and  efficient  for 
cold  storage  plants  as  for  ice  manufacturing,  as  they 
are  both  refrigeration  problems,  but  for  various  rea- 
sons cold  storage  interests  having  old  plants  have  not 
been  very  receptive  until  recently.  We  are  now  getting 
inquiries  from  these  concerns  and  this  condition,  with 
the  fact  that  slow-speed  synchronous  motors  possible  of 
direct  connection  to  their  present  compressor  units  are 
obtainable,  will  be  a  large  factor  in  procuring  this  busi- 
ness. 


There  is  another  type  of  refrigeration  load  destined 
— unless  all  signs  fail — to  play  a  very  important  part  in 
the  future — theater  refrigeration.  We  all  know  how 
r.'ipidly  restaurant  refrigeration  has  spread  in  first  class 
dming  resorts — why  should  not  the  same  thing  occur 
with  high  grade  theaters.  Two  Chicago  theaters  in- 
stalled such  systems  last  season  with  most  gratifying 
results,  and  two  new  theaters  now  under  construction 
are  being  equipped  with  elaborate  air-washing  and  cool- 
ing systems,  the  owners  taking  the  stand  that  the  best 
is  none  too  good  for  their  patrons.  The  refrigeration 
load  in  the  two  theaters  equipped  last  year  was  107  hp 
in  one  and  1 10  hp  in  the  other.  One  of  the  new  build- 
irgs  under  construction  will  have  a  250  hp  refrigeration 
load  and  the  other  350  hp. 
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LESLIE  N.  CRICHTON 

Research   Engiiieerin;;   Dcpt. 
Wcstinghouse  Electric  &  Mfg.  Company 


THE  TESTING  of  line  insulators  can  naturally 
be  divided  into  three  different  groups:^/ — 
Routine  tests  in  the  factory;  2 — Rating  tests  in 
the  laboratory;  and  J — Field  tests  for  the  purpose  of 
eliminating  insulators  which  have  become  defective  in 
service. 

FACTORY  TESTS 

After  the  insulator  parts  have  been  taken  from  the 
kilns  and  have  passed  the  porosity  tests  and  several  in- 
spections for  obvious  defects,  they  are  placed  in  an  in- 
verted position  on  a  testing  table  and  subjected  to  a  con- 
tinuous flashover  potential  for  a  definite  period  of  time, 
usually  five  minutes.  It  is  frequently  specified  that  no 
insulators  shall  fail  during  the  last  three  minutes  of  the 
t'^st  and,  if  an  insulator  should  fail  during  that  period, 
the  test  is  continued  until  three  minutes  elapse  after  the 
kist  failure.  The  top  of  the  testing  table  is  a  shallow 
pan  containing  a  small  amount  of  water,  and  water  is 
usually  poured  into  the  pin-holes  of  the  insulators. 

The  connections  are  made  as  in  Fig.  i.  The  volt- 
age is  regulated  by  meahs  of  a  regulator  and  a  series 
lesistance  is  placed  in  the  circuit  for  the  purpose  of 
limiting  the  power  current  when  the  insulators  flash 
ever. 

The  method  of  applying  the  test  is  to  raise  the  volt- 
age to  a  value  somewhat  above  that  which  is  necessary 
to  flash  over  the  insulator.  As  a  result  one  of  the 
pieces  will  flash  over  before  the  voltage  wave  has 
reached  its  maximum  and  the  energy  which  has  been 
stored  in  all  the  pieces,  actin?  as  electrical  condensers, 
\7ill  be  discharged  through  the  arc.  This  causes  an 
oscillating  discharge  of  high  frequency  and  voltage 
which  is  superimposed  on  the  60  C)'cle  wave.  The  test 
voltage  is  so  adjusted  and  the  number  of  pieces  on  the 
table  so  fixed  that  practically  everj'  insulator  is  subject 


to  the  flashover,  as  is  evident  from  Fig.  2.  Considerable 
r.oise  accompanies  this  method  of  testing  and  a  con- 
■siderable  amount  of  ozone  and  nitric  acid  are  generated 
V.  hich  cause  some  discomfort  to  the  operators. 

The  high  frequency  oscillations  which  are  set  up  in 
this  circuit  detect  the  minutest  defect  in  an  insulator 
;;nd  frequently  find  flaws  which  do  not  interfere  in  any 
way  with  its  serviceability.  Fig.  3  shows  an  insulator 
which  had  a  small  crack  in  one  of  the  ribs  before  the 
glaze  was  applied.  This  crack  was  entirely  sealed  dur- 
ing the  firing  of  the  piece ;  nevertheless  the  continuous 
flashover  caused  the  flaw  to  heat  enough  that  the  rib 
v  as  broken  off  during  the  test. 

After  the  porcelain  parts  are  tested,  they  are 
cemented  together  and  allowed  to  stand  for  .several 
c'ays.     Cemented  cap  and  pin  type  suspension  insulators 


n"  %<  wcycics 

TT  High  \^__^       Resistance 


rnm.f„m,e.    '<-"'»" 


CO.\TINUOUS  FLASHOVER  TEST  CIRCUIT 


;Me  then  tested  mechanically  to  make  sure  that  the 
cementing  was  properly  done.  The  assembled  insulator 
units  are  then  given  a  flashover  test  similar  to  the  test 
I  lade  on  each  porcelain  part  before  assembly,  except 
that,  in  the  case  of  multipart  insulators,  the  applied 
voltage  is  higher.  The  object  of  this  test  is  to  detect 
any  defective  insulators  which  may  have  passed  the  first 
test,  as  well  as  to  detect  pieces  which  may  have  been 
damaged  while  being  assembled. 

RATING  TESTS 

It  is  frequently  assumed  by  operating  engineers 
that  the  design  tests,  on  which  the  rating  of  an  insulator 
is  based,  are  made  under  service  conditions  by  placing 
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the  insulator  on  the  pin  and  cross  arm  with  which  it  is 
to  be  used  and  connecting  the  pin  to  ground.  Unfor- 
tunately early  manufacturers  did  not  make  their  tests 
in  this  way,  but  apparently  placed  the  insulator  on  the 
lest  rack,  with  both  terminals  ungrounded,  and  meas- 
ured the  voltage  by  whatever  method  gave  the  highest 
results.  Competition  has  forced  all  manufacturers  to 
adopt  the  same  methods,  although  the  later  designs  of 
insulators  are  being  rated  more  conservatively. 

The  voltage  at  which  an  insulator  flashes  over  is 
1  educed  by  grounding  one  terminal  of  the  testing  trans- 
former and  by  the  presence  of  grounded  objects  in  the 
\icinity  which  will  affect  its  electrostatic  field.  In 
practice,  this  is  most  noticeable  when  an  insulator  is 
mounted  on  a  grounded  metal  cross-arm  and  the  length 
of  the  pin  is  varied,  as  shown  in  Fig.  4.  The  insulator 
ehown  is  made  by  a  number  of  manufacturers,  all  of 
whom  recommend  that  it  be  used  on  a  7  or  7.5  inch  pin. 


will  not  be  injured  by  high  frequency  unless  it  is  con- 
t'Tued  for  such  a  length  of  time  that  the  piece  is  heated 
to  an  extreme  temperature.  The  insulator  shown  in 
Fig.  5  was  subjected  to  high  frequency  until  the  center 
o,"  the  piece  became  very  hot  and  its  expansion  strained 
the  outer  rim,  which  was  still  cool,  to  such  an  amount 
tKat  after  the  voltage  had  been  applied  for  20  minutes 
the  piece  burst  with  a  loud  report. 

FIELD  TESTS 

On  many  lines,  particularly  those  having  old  in- 
sulators, it  is  necessary  to  test  the  insulators  for  the 
lurpose  of  detecting  and  replacing  those  which  have 
deteriorated.  These  insulators  have  failed  either  be- 
cause the  material  was  defective  in  that  it  was  porous, 
or  contained  internal  strains  which  caused  cracks  to 
rppear  in  service,  or  because  the  design  of  the  insulator 
v.-as  defective,  in  that  repeated  changes  in  temperature 


FIG.  2 — INSULATOR  CONES   UNDER  CONTINUOUS  FLASHOVER  TEST 


yet  the  dry  flashover  value,  as  given  in  the  various  cata- 
logs, ranges  from  114  up  to  145  kilovolts. 

The  manufacturers'  data  and  the  actual  perform- 
ance of  a  number  of  insulators  which  are  in  common 
use  on  66  000  volt  lines  are  compared  in  Table  I.  This 
test  was  made  on  a  number  of  insulators  and  does  not 
include  all  the  later  types,  although  it  is  fairly  repre- 
sentative. The  insulators  were  mounted  on  the  pin 
recommended  by  the  manufacturers  and  voltage  meas- 
urements were  made  with  a  sphere  gap,  the  figures  in 
the  table  being  the  average  of  a  number  of  tests. 
It  will  be  observed  that  only  one  of  these  insulators 
will  satisfy  the  A.  I.  E.  E.  rule  which  specifies  the  test 
for  insulators  to  be  used  on  outdoor  apparatus,  and 
even  this  insulator  will  have  difficulty  in  passing  the  wet 
test,  since  the  A.  I.  E.  E.  requirement  is  that  the  volt- 
age must  be  withstood  for  ten  seconds,  whereas  the 
value  in  the  table  is  that  which  caused  flashover  as 
soon  as  applied. 

The  high  frequency  test  is  sometimes  applied  in 
investigating  the  design  of  insulators  and  also  in  deter- 
mining the  quality  of   the   porcelain.     Good   porcelain 


set  up-  strains  which  caused  cracks.  The  insulators 
shown  in  Figs.  6  and  7  were  undoubtedly  cracked  by 
strains  set  up  by  the  hardware. 

Most  insulator  troubles  are  caused  by  cracks, 
which  will  soon  absorb  moisture  from  the  cement  and 
thus  become  conducting.  The  most  satisfactory  way  of 
locating  such  defective  insulators  of  the  disc  type  has 
been  by  means  of  the  megger.     This  method  is  easy  and 

TABLE— I    FL.'^.SHOVER   VALUES    IN    KILOVOLTS   OF 
SEVERAL  66000  VOLT  INSULATORS 


Sample 

Catalog  Data 

Actual 
Perlormaiire 

Required  by          1 
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130 

120 
130 
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cheap,  the  only  disadvantage  being  that  the  line  which 
is  to  be  tested  must  be  taken  out  of  service. 

The  megger  test  cannot  be  applied  to  multipart 
pin  insulators  but,  since  the  defects  in  these  insulators 
usually  occur  in  the  head,  some  companies  have  been 
satisfied  with  ^  visual  inspection  at  frequent  intervals. 
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One  oi)enUing  company  sends  patrcjlmen  over  the  line 
with  field  glasses  to  inspect  the  insulators  and  has  found 
it  i)ossible  to  locate  most  of  the  defective  ones  in  this 
way.  If  the  line  is  in  service  while  this  inspection  is 
being  made,  the  patrolmen  will  frequently  be  able  to 
detect  bad  insulators  by  their  noise. 

The  "buzz-stick"  method,  which  was  develojied  by 
Mr.  T.  F.  Johnson  of  Atlanta,  is  used  on  live  insulators. 
This  test  is  made  by  using  a  forked  stick  to  short-cir- 
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cuit  ieacli  unu  w  the  insulator.  If  the  unit  is  good,  a 
spark  will  be  drawn  from  the  end  of  the  short-circuit- 
ing fork,  whereas  if  the  unit  is  defective  the  potential 
will  be  the  same  on  both  sides  of  the  unit  and  no  spark 
will  be  drawn.  On  account  of  the  danger  of  cau'sing 
an  arc  if  a  number  of  the  units  should  be  bad  and  the 
remaining  good  one  short-circuited  in  test,  it  is  cus- 
tomary first  to  "feel  out"  the  insulator.  The  method 
of  performing  the  "feeling  out"  and  the  "shorting  out" 
process  is  .shown  in  Fig.  9  and  needs  little  explanation. 
The  buzz  stick  is. brought  close  to  the  line  wire  and  the 
sound  of  the  spark  is  noted.  The  stick  is  then  placed 
Ictween   the  first  and  second  units  where  the  sound 
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KK;.  4 — DRV   .\RC-OVER  VOLTACE  TEST  OK   I'lN   INSUI-ATOR 

Showiiij;  effect  of  metal  and  wood  cro.ss  arm  and  effect  of 
varying  the  length  of  insulator  pin.  Insulator  is  momitcd  on 
grounded  metal  pin  with  line  wire  tied  into  head. 

should  be  somewhat  weaker.  The  sound  will  continue 
to  get  weaker  as  the  stick  is  moved  toward  the  ground 
end  of  the  insulator,  until  the  last  two  or  three  units 
are  reached,  when  it  will  again  begin  to  increase.  After 
the  insulator  has  been  felt  out,  the  short-circuiting  fork 
is  used  to  determine  which  units  are  bad,  but  if  the 
feeling  out  process  has  shown  that  several  units  are 
questionable,  the  short-circuiting  process  is  usually 
(.niitted  and  the  whole  string  of  insulators  removed.     In 


testing  multipart  pin  insulators  it  is  sometimes  neces- 
sary to  use  two  sticks,  although  one  stick  is  sufficient 
for  suspension  units. 

The  spark  coil  method  of  testing  insulators,  par- 
ticularly those  of  the  disc  type,  has  recently  been  in- 
troduced. Like  the  megger  test  it  must  be  made  on  a 
(lead  line,  which  is  not  a  real  disadvantage  inasmuch 
as  the  testing  and  replacing  of  the  defective  units  can 
be  done  at  the  same  time,  so  that  the  line  does  not  need 
to  be  out  of  service  much  longer  than  would  be  neces- 


FIG.    5 — FATI.l'KE   OF  COOn    IN'STLATOK   DUE  TO  OVERHEATING 

High  frequency  had  been  applied  for  20  minutes. 
sary  for' the  replacement  of  the  bad  insulators.  This 
device  is  illustrated  in  Fig.  10.  The  entire  equipment 
is  placed  on  the  pole  w-hich  carries  the  testing  fork  and 
it  is  therefore  unnecessary  to  have  long  leads  between 
the  testing  fork  and  the  ground.  This  is  considered 
quite  a  safety  feature,  where  several  circuits  may  be 
located  on  the  same  structure.  In  applying  this  test 
the  fork  is  placed  around  the  insulator  and  the  primary 
circuit  of  the  induction  coil  is  closed.  If  the  insulator 
is  bad,  a  spark  will  be  shown  at  the  spark  gap,  which 
may  consist  of  an  ordinary  gas  engine  spark  plug.  It 
is  difficult  to  adjust  the  ga])  so  that  it  will  not  spark 
pcross  while  a  good  insulator  is  being  tested  and   for 


FIG.  6— FAll.l  RK  OF   SlSrENSIOX    INSII.ATOK 

Due  to  poor  desi.gn  of  porcelaiji  and  hardware, 
this  reason  the  practicability  of  this  method  of  testing 
is  doubtful. 

Another  well-known  method  of  testing  is  by  the 
use  of  a  pair  of  wireless  telephone  receivers,  one 
terminal  of  which  is  connected  to  an  antenna  and  the 
other  terminal  to  the  ground.  A  defective  insulator 
gives  off  a  peculiar  scratching  noise,  which  may  be 
heard  in  the  receivers.  This  method  is  quite  satisfac- 
tory when  used  on  wQoden  pole  lines  of  44  cxx)  volts 
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and  above,  but  is  somewhat  hard  to  apply  when  used  quency,  using  a  portable  testing  outfit  run  by  a  gaso- 
on  22  000  or  33  000  volt  lines,  particularly  if  there  is  a  line  engine.  At  least  one  line  was  tested  with  the  in- 
ground  wire  running  up  each  pole.  The  presence  of  a  sulators  in  place  and  other  lines  have  been  tested  by 
telephone  line  below  the  power  line  also  makes  it  diffi-  removing  the  insulators  and  taking  them  to  a  conven- 
ient point,  but  both  methods  seem  to  be  unnecessarily 
expensive. 


FIG.   7 — F.MLURE  OF  PIN   INSUL.\TOR 

Due  to  large  pin  thimble, 
cult  to  hear  any  defective  insulators  and  it  is  therefore 
some  times  necessary  to  use  a  long  bamboo  fishing  rod 
to  support  the  antenna  above  the  telephone  line.  .  This 
puts  the  antenna  dangerously  close  to  the  power  wires 
and  is  not  to  be  recommended.     This  test  is  difficult  to 


First  Operation 
■■"edini;  Out'; 

FIG.    g — JiUZZ    STICK    METHOD   OK   TESTING    l.\'SLX.\TORS 

One  company  has  used  a  high  frequency  oscuiator 
for  this  test  and  has  found  that  the  oscillator  destroyed 
an  enormous  percentage  of  the  discs  which  had  been 
in  service.  Such  a  procedure  is  hardly  justifiable,  be- 
cause tmdoubtedly  some  insulators  were  rejected  which 
Vvould  still  give  good  service  for  several  years.  Of 
course,  when  insulators  are  being  tested  at  the  factory 
the  test  should  be  made  so  severe  that  no  defective  in- 
sulators can  escape  detection,  but  after  the  insulators 
have  been  placed  on  the  line,  it  is  not  necessary  to  re- 
move them  until  they  have  become  defective. 

It  is  now  good  practice  to  use  several  more  discs 
than  is  actually  necessaty  on  suspension  type  insulators 


FIG.    10 — Sr.\RK    COIL    METHOD   OF    IKSTIXG    IXSI'L.VTORS 

SO  as  to  allow  several  of  them  to  become  defective 
without  endangering  service,  and  if  the  line  is  tested 
frequently  enough,  either  by  megger  or  "buzz-stick", 
there  is  no  reason  for  interruption  of  service  due  to  in- 
sulator failures.  With  present  day  insulators,  which 
are  not  subject  to  an  extreme  depreciation,  a  test  made 
once  every  two,  three  or  even  four  years,  may  be  suffi- 
cient, although  with  some  of  the  old  insulators  which 
Several  operating  companies  have  tested  insulators  are  still  in  service  it  is  essential  to  make  a  test  twice  a 
means  of  high  voltage  at  (>o  cvcles  or  bv  high  fre-     vear. 


FIG.   8 — TESTING   INSUL.\TORS   WITH    MEGGER 

appl}-  because  static  discharges  from  other  causes  such 
as  loose  pins,  give  false  readings  and  it  has  been  found 
that  an  unskilled  tester  cannot  be  relied  upon. 
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T])o  Stop  fattaciioii  llo;^(da'i:or 


E.  E.  LEHR 

Engineering  Dept. 
W'estinghouse   Electric  &  Mfg.   Co. 


THE  STEP  induction  regulator  is  similar  to  the 
usual  step-type  regulator  in  that  the  variation  in 
voltage  is  obtained  by  cutting  in  or  cutting  out 
portions  of  the  windings  of  a  regulating  transformer. 
However,  instead  of  transferring  abruptly  from  tap  to 
tap,  and  obtaining  only  a  comparatively  few  operating 
voltages,  the  transfer  from  tap  to  tap  is  made  by  means 
of  a  small  induction  regulator  and  any  operating  voltage 
i?  obtainable. 

The  step  induction  regulator  consists  essentially  of 
a  regulating  autotrans former  with  a  number  of  equally 
spaced  taps,  a  double  selector  switch,  a  transfer  switch 
and  a  >n\:A\  induction  regulator  with  two  separate,  vari- 


60  volt  series  winding  is  divided  into  six  equal  parts,  so 
that  seven  voltages  from  iqo  to  160  are  available  in  ten 
volt  steps.  The  primary  of  the  induction  regulator  is 
also  connected  across  the  line.  Each  of  the  two 
secondary  windings  M  to  A  and  B  to  iV  is  wound  to 
give  five  volts,  when  the  induction  regulator  is  in  a 
maximum  voltage  position.  The  transfer  switch  is 
shown  in  the  diagram  as  a  simple  two  contact  drum 
switch.  It  is  operated  by  the  regulator  shaft  and  cor'- 
nects  the  line  lead  L  to  coil  lead  A  during  one-half 
revolution  of  the  shaft,  and  to  coil  lead  B  during  the 
other  half  revolution.  The  switching  is  so  timed  that 
the  transfer  from  A  to  B  or  from  5  to  ^  is  made  when 


FIG.    I — FRONT  VIEW   OF   STKP    INDUCTION    KtGLLATOR 

Complete  with  series  transformer  and  control  panel. 

able-voltage  windings,  each  of  which  has  a  maximum 
voltage  equal  to  one-half  of  the  voltage  between  taps 
of  the  regulating  transformer. 

The  small  induction  regulator,  selector  switch  and 
transfer  switch  of  the  step  induction  regulator  are 
geared  together,  the  relative  time  of  operation  of  the 
switches  being  so  arranged  that  a  continuous  rotation  of 
the  regulator  shaft  gives  the  entire  range  in  voltage  in 
a  smooth  curve  similar  to  that  obtained  with  large  in- 
duction regulators. 

The  essential  parts  of  a  step  induction  regulator  of 
the  simplest  form  are  shown  diagrainmatically  in  Fig. 
3.  In  order  that  voltage  curves  may  be  shown,  and  the 
operation  more  easily  explained,  definite  voltages  have 
been  assumed.  The  primary  of  the  regulating  auto- 
transformer  is  connected  across  a   100  volt  line.     The 


FIG.  2— REAR  VIEW  OF  STEP  INDUCTION  REGULATOR  SHOWN   IN   FIG.    I 

the  voltage  across  coils  AM  and  BN  is  at  a  maximum. 
The  selector  switch  is  represented  in  the  diagram  as  a 
two-arm  dial  switch.  One  contact  arm  connects  M 
rlternately  to  contacts  1-3-3  ^^^  7>  ^nd  the  other  arm 
connects  A'^  alternatively  to  contacts  2-^  and  6.  The 
selector  switch  is  geared  to  the  induction  regulator  in 
such  a  way  that  one  turn  of  the  regulator  shaft  gradu- 
ally moves  each  arm  from  one  contact  to  the  next.  The 
arms  are  so  arranged  however,  that  when  one  arm  is 
located  centrally  on  a  contact  connecting  to  any  tap,  the 
other  arm  is  midway  between  two  contacts  which  con- 
nect to  the  adjacent  taps.  In  the  particular  case 
assumed  in  Fig.  3,  the  rotor  of  the  induction  regulator 
must  make  three  complete  turns  to  change  the  load 
voltage  from  100  to  160  volts.  The  heavy  curve  in  Fig. 
4  shows  the  load  voltage  for  all  positions  of  the  rotor 
shaft.     Fig.  3  shows  the  various  parts  in  the  position 
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they  assume  for  the  105  volt  point,  which  is  one  of  the 
points  at  which  the  Hne  lead  L  is  transferred  from  A  to 
B.  At  this  point  the  voltage  from  0  io  A  and  from 
O  to  j5  would  be  the  same  even  if  the  leads  A  and  B 
were  not  joined  by  the  transfer  switch.     The  voltage 

To  Line 

Regulating  Auto  Transfer; 


Induction 
Regulator 


FIG,   3— CONNECTIONS   OF  ESSENTIAL  PARTS   OF  A    STEP   INDUCTION 
REGULATOR 

from  O  to  A  is  made  up  of  the  100  volts  from  0  to  J 
plus  the  five  volts  of  the  coil  M  to  A.  The  voltage 
from  0  to  5  is  made  up  of  the  no  volts  from  o  io  2 
minus  the  five  volts  of  the  coil  N  to  B.  Since  the  volt- 
age of  the  points  A  and  B  is  the  same  at  these  transfer 
points,  there  is  practically  no  burning  or  flashing  of  the 
contacts  when  A  and  B  are  joined  for  an  instant  as  the 
line  L  is  transferred  from  one  point  to  the  other. 
The  curve  D  in  Fig.  4  shows  the  voltage  which  would 
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FIG.  4 — LOAD  VOLTAGE  CURVES  FOR  ALL  POSITIONS  OF  THE  ROTOR 

be  obtained  from  0  to  ^  if  M  were  connected  to  tap  / 
while  the  induction  regulator  made  three  turns.  The 
voltage  would  alternate  from  a  maximum  of  105  to  a 
minimum  of  gs  and  the  curve  would  follow  approxi- 
matelv  a  sine  curve  as  shown.     Curves  F.  H  and  /  are 


similar  curves  which  would  be  obtained  if  M  were  con- 
nected respectively  to  taps  j,  5  and  7. 

Curve  E  shows  a  similar  curve  of  the  voltage  from 
0  to  B,  assuming  A'^  connected  to  tap  2  during  three 
turns  of  the  rotor  shaft.  Curves  G  and  /  show  similar 
curves  with  N  connected  respectively  to  taps  4  and  6. 

For  the  100  volt  point,  the  transfer  switch  would 
be  in  a  position  90  degrees  counter  clockwise  from  the 
position  shown  in  Fig.  3,  and  the  voltage  of  the  coil 
AM  would  be  zero.  As  the  regulator  shaft  with  the 
transfer  switch  turns  90  degrees  to  the  position  shown, 
the  voltage  of  the  coil  MA  increases  from  o  to  5  volts 
and  the  load  voltage  increases  from  100  to  105,  follow- 
ing the  curve  D.  Instead  of  farther  following  the 
curve  D,  the  line  lead  L  is  transferred  to  B  and  the  load 
voltage  therefore  follows  the  curve  E  from  105  to  115 
volts  while  the  rotor  turns  from  the  one-fourth  to  the 
three-fourths  turn  position.     L  is  then  transferred  back 
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FIG.   5 — CONNECTIONS  OF  EI.KCTRIC  FUKX ACE  REGULATING  EQUIPMENT 

to  the  lead  A  but  the  lead  M  has  been  changed  in  the 
meantime  by  the  selector  switch  from  tap  i  to  tap  J, 
so  that  further  motion  from  4;he  three-fourths  to  the 
one  and  one-fourth  turn  position  increases  the  load  volt- 
age from  115  to  125  along  the  curve  F.  By  suc- 
cessively transferring  from  one  regulator  coil  to  the 
other  and  by  selecting  the  proper  tap  by  means  of  the 
selector  switch,  the  entire  range  in  voltage  is  obtained 
along  the  curve  as  shown  by  the  heavy  line  in  Fig.  4. 
The  following  points  regarding  the  operation  and 
performance  of  the  step  induction  regulator  are  worthy 
of  notice: — 

/ — Thf  voltage  between  tlic  transfer  switch  drum  and 
the  contact  A  or  B  is  always  zero  just  as  the  drum  makes 
or  breaks  contact  with  either  of  these  points.  As  a  re- 
sult the  selector  switch  is  practically  free  from  burning  or 
arcing. 

2 — The  selector  switch  arms  always  move  on  or  off 
the  various  contacts  when  there  is  no  current  flowing, 
so  that  there  is  no  arcing  or  burning  on  the  contacts  of 
the  selector  switch. 

,? — Since  the  various  switches  are  all  geared  to  the 
small   induction   regulator,   the   entire  outfit  can  be   oper- 
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at(.-(I    and    controlled    as    easily    as    a    standard    induction 
regulator. 

.; — The  kv-a.  capacity  of  the  induction  regulator  is 
small  in  comparison  with  the  kv-a  rating  of  the  regulat- 
ing transformer.  The  small  induction  regulator  must 
have  a  caiiacity  eciual  to  only  one-half  the  capacity  of  a 
section   of   the   winding   between    two   adjacent   taps   of   the 


IIG.  6 — IIOO   KV-A   STEP  INDUUCTION    1-LU.N.\CE  REGUL.XTING 
EQUIPMENT 

regulating  transformer.  ."Vs  a  result  the  total  exciting 
kv-a.  recpiircd  for  the  step  induction  regulator  is  very 
much  less  than  that  required  for  an  induction  regulator 
of  equal  rating. 

The  power-factor  of  the  step  induction  regulator  is 
therefore  considerably  higher  than  that  of  an  induction 
regulator   of  the  same   rating. 

•  5 — ."Ml  high-voltage  windings  of  a  step  induction  re- 
gulator arc  essentially  transformer  windings  and  are 
comparatively    easy    to    insulate.        The    windings    of    an 


FIG.    7 — 400   KV-A   STEP   INIRCTION   REGULATOR 

Selector  switch  is  mounted  inside  of  transformer  tank. 

induction  regulator  arc  essentially  motor  windings,  and 
are  more  dirticult  to  insulate  for  the  higher  voltages. 
The  transformer  type  of  winding  is  also  more  easily 
braced  to  withstand  the  stresses  due  to  short-circuits  than 
is   any   other   type   of   winding.        I'or   these    reasons,   step 


induction  regulators  are  peculiarly  adapted  for  large  high- 
voltagc  circuits. 

The  Step  induction  regulator  is  adapted  for  at  least 
three  distinct  classes  of  service;  for  controlling  the 
voltage  of  electric  furnaces,  for  high-voltage  testing 
transformers,  and  for  large  high-voltage  transmission 
systems.  Fig.  5  shows  a  schematic  diagram  of  connec- 
tions for  a  furnace  regulating  outfit.  The  main  trans- 
former has  a  secondary  winding  A  designed  for  the 
maximum  current  and  voltage  required  b}'  the  furnace ; 
/>'  is  the  priinaiy  winding  which,  when  connected  di- 
rectly across  the  supply  circuit,  produces  in  the  second- 
ary winding  the  maximum  voltage  required  by  the  fur- 
nace ;  D  is  an  additional  primary  winding  which  is 
divided  into  a  convenient  number  of  e(|unl  parts 
by  taps,  which  are  brought  out  to  the  selector  switch. 


FIG.   8 — STEP  INDUCTION   REGULATOR   FOR  CONTROLLING  .\   1000  KV-A, 
750000  VOLT   TESTING   TRANSFORMER 

l!y  means  of  the  small  regulator,  selector  and 
transfer  switches,  a  gradually  increasing  portion 
of  the  coil  D  is  in  effect  connected  in  series  with 
coil  B  across  the  line.  As  the  number  of  turns 
of  the  total  effective  priinary  winding  is  thus 
gradually  increased,  the  voltage  per  turn  of  the 
transformer  windings  is  gradually  decreased,  and  as  a 
result  the  secondary  voltage  to  the  furnace  is  also  de- 
creased. The  auxiliary  winding  C,  for  exciting  the 
small  induction  regulator,  is  required-  only  when  the 
secondary  voltage  is  too  low  or  the  line  voltage  is  too 
high  to  be  used  convenientl}'  for  exciting  the  induction 
regulator.  Usually,  instead  of  putting  the  two  equal 
voltage  coils  on  the  induction  regulator  as  shown  in 
Fig.  3,  a  series  transformer  with  two  equal  secondary 
windings  is  used.  The  voltage  of  the  series  trans- 
former is  controlled  by  the  small  regulator,  so  that  in 
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effect  the  series  transformer  may  be  considered  a  part 
of  the  induction  regulator.  A  series  transformer  is 
used  in  order  that  the  two  series  windings  may  be  in- 
sulated more  satisfactorily.  These  coils  must  be  in- 
sulated for  the  line  voltage  and  it  is  difficult  to  insulate 
I  small  regulator  for  the  line  voltage  usually  used  for 
this  service.  Since  the  two  series  coils  are  used 
alternately,  each  must  be  of  sufficient  capacity  to  take 
care  of  the  full  output  of  the  small  induction  regulator. 
A  larger  regulator  frame  must  therefore  be  used  when 
the  two  windings  are  placed  in  the  regulator  than  when 
only  a  single  secondary  winding  is  used  for  exciting  the 
series  transformer. 


FIG.  0 — DRY-TVPE  SELECTOR  .\Xn  TR.XXSFER   S\\  lirir 

Mounted  on  top  01   a  small  induction  regulator. 

A  1 100  kv-a.,  25  cycle,  14500  volt  step  induction 
furnace  regulating  outfit,  complete  with  control  and 
meter  panels,  is  shown  in  Figs,  i,  2  and  6.  The  prim- 
ary of  the  main  transformer  consists  of  two  equal  sec- 
tions, one  of  which  is  divided  into  22  equal  parts  by 
taps  which  are  brought  out  through  the  cover  for  con- 
necting to  the  selector  switch.  A  voltage  range  of 
from  40  to  80  volts  is  obtained  on  the  secondary.  The 
selector  and  transfer  switches  are  of  the  oil-immersed 
type,  and  are  mounted  on  a  pipe  frame  directly  over 
the  25  kv-a.  induction  regulator.  The  series  trans- 
former is  shown  just  behind  the  induction  regulator  in 
1- ig.  6. 

A  400  kv-a.,  25  cycle,  12  000  volt,  furnace  regulat- 
ing outfit  is  shown  in  Fig.  7.  A  secondary  voltage 
range  of  from  60  to  120  volts  or  from  120  to  240  volts 


can  be  obtained.  In  order  that  the  taps  need  not  be 
brought  out  through  the  transformer  cover,  the  selector 
switch  is  mounted  inside  the  transformer  tank  where  it 
serves  also  as  a  terminal  board  for  the  taps  and  leads. 
This  pro'cedure  simplifies  the  external  wiring,  and  is 
advisable  where  the  low-tension  leads  do  not  take  up  so 
much  space  as  to  make  it  impossible.  Of  course,  a 
separately-mounted  selector  switch  is  more  accessible 
for  inspection  and  repairs,  but  since  there  is  absolutely 
no  arcing  or  burning  on  this  switch  there  is  no  reason 
why,  if  substantially  constructed,  it  should  not  operate 
for  a  considerable  time  without  being  inspected. 

In  some  cases  the  step  induction  regulator  can  be 
built  economically  for  very  small  outputs.  This  is  par- 
ticularly the  case  where  very  large  currents  at  low  fre- 
quencies are  required.    A  dry-type  selector  and  transfer 


-To  Supply  Cii 


Regulating  Transformer       A 
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Testing  Transformer        D 
Variable  Testing  Voltage 


FIG.    10 — COX.\ECTIO.\S   FOR  CONTROLLIXG  VOLT.\CE  OF   HIGH-VOLT.\GF. 
TESTtXG  OUTFIT 

switch  is  shown  in  Fig.  9  mounted  on  top  of  a  small 
induction  regulator  for  use  with  a  60  kv^-a.,  25  cycle, 
2200  volt  furnace  transformer.  This  outfit  gives  a 
voltage  range  of  from  10  to  30  volts.  No  series  trans- 
former is  used,  as  both  variable  voltage  series  windings 
are  provided  on  the  induction  regulator. 

The  connections  commonly  used  for  controlling  the 
voltage  of  a  high-voltage  testing  outfit  by  means  of  a 
step  induction  regulator,  are  as  shown  in  Fig.  10. 
The  regulating  transformer  has  a  primary  winding 
.-/  suitably  wound  for  the  supply  voltage.  The 
secondary  winding  B  is  wound  for  a  voltage  the  same 
as  that  of  the  low-tension  winding  C  of  the  test- 
ing transformer.  The  entire  winding  B  is  divided  into 
;i  convenient  number  of  equal  parts  by  taps,  which  con- 
nect to  the  selector  switch.  The  induction  regulator, 
series  transformer,  selector  and  transfer  switches 
operate  in  the  same  way,*  as  previously  described,  to 
impress  an  adjustable  voltage  on  the  low  tension  side 
of  the  testing  transformer. 

The  advantage  of  this  type  of  regulator  for  con- 
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trolling  high-voltage  testing  transformers  is  that  the 
test  voltage  can  be  varied  from  zero  to  a  maximum  in 
an  infinite  number  of  steps,  the  same  as  if  a  large  in- 
duction regulator  were  used,  but  due  to  the  small  ca- 
pacity of  the  induction  regulator,  it  introduces  only  a 
small  reactance  in  series  with  the  testing  circuit  and, 
therefore,  causes  less  voltage-wave  distortion  and  less 
danger  of  producing  resonance  than  would  be  the  case 
if  the  entire  range  in  voltage  was  obtained  from  a  large 
induction  regulator. 

An  induction  regulator  with  selector  and  transfer 
switch  which  has  been  used  with  a  number  of  200  kv-a., 
high-voltage,  n.otiug  transformers  is  shown  in  Fig.  11. 
The  transfer  and  selector  switches  are  of  the  dry  type 
fnd  are  designed  for  a  maximum  voltage  of  2200  volts. 


FIG.   II — INDLCTIO.N'   REGULATOR  EQUIPPED  WITH  DRY'-TYPE  TR.\NSFER 
AND  SELECTOR  SWITCHES 

To  control  the  voltage  of  200  kv-a,  high-voltage  testing 
transformers. 

A  1000  kv-a.,  750000  volt,  testing  transformer 
has  been  designed  to  be  controlled  by  the  regulating 
outfit  shown  in  Fig.  8. 

The  voltage  conditions  which  must  be  taken  care  of 
by  voltage  regulators  on  large  power  systems  are  so 
varied  that  it  is  difficult  to  establish  any  rules  which  can 
he  followed  in  determining  the  type  of  regulator  best 
suited  for  a  given  service.  The  induction  regulator  is 
used  almost  exclusively  on  small,  comparatively  low- 
voltage  circuits.  However,  the  step  induction  regulator 
can  be  used  economically  in  a  great  many  cases,  par- 
ticularly on  the  larsjcr,  high-voltage  circuits.  This 
regulator  is  particularly  applicable  where  considerable 
voltage  variation  is  required,  but  where  the  voltage  ad- 
justments need  not  be  made  at  too  frequent  intervals. 
The  connections  of  one  phase  of  a  three-phase  regula- 


tor are  given  in  Fig.  12.  A  and  C  are  the  exciting  and 
series  windings  respectively,  of  a  regulating  autotrans- 
former.  B  is  an  auxiliary  winding  on  the  autotrans- 
former  for  exciting  the  induction  regulator.  The  series 
transformer  has  a  double  secondary  winding. 

The  regulating  autotransformer  induction  regula- 
tor and  series  transformer  may  be  either  single  or  poly- 
phase. If  they  are  single-phase,  each  set  may  be  op- 
erated independently  as  a  single-phase  regulator  or  the 
three  sets  may  be  operated  by  one  motor  as  a  poly-phase 
regulator. 

It  is  advisable  to  consider  the  regulator  at  the  time 
the  main  power  transformers  are  built  because  au.xiliary 
windings  for  the  regulator  can  frequently  be  provided 
on  the  main  transformers,  at  a  considerable  saving. 
Since  this  type  of  regulator  permits  so  many  variations, 
i*  is  well  to  make  a  careful  study  of  each  application. 
Sometimes  it  is  advisable  to  use  additional  series  trans- 


FIG.    12 — CO.N'XECTIONS    FOR   ON'E-PHASE  OF  A   THREE-PHASE 
REGUL.\TOR 

formers  to  reduce  the  current  on  Uie  selector  and  trans- 
fer switches. 

The  chief  advantages  of  the  step  induction  regu- 
lator are: — High  efficiency,  high  power-factor,  relia- 
bility of  insulation  on  high-voltage  circuits,  and  ability 
10  withstand  heavy  short-circuits  on  the  line.  Another 
advantage  is  that  it  can  be  arranged  to  be  disconnected 
easily  from  the  line  without  interrupting  the  service. 
This  cannot  be  done  with  a  polyphase  induction  regula- 
tor, because  this  type  of  regulator  changes  the  voltage 
by  shifting  the  phase  of  the  series  coils  and  not  by 
changing  the  voltage  of  the  series  coils.  It  is,  there- 
fore, impossible  to  short-circuit  the  series  winding  of  a 
polyphase  induction  regulator  in  any  position  of  the 
rotor.  The  step  induction  regulator,  even  when  using 
:.  small,  three-phase,  induction  regulator,  can  always  be 
so  designed  that  the  voltage  across  the  series  windings 
can  be  brought  to  zero  and  short-circuited  and  the  regu- 
lator then  cut  off  the  line  without  opening  the  main 
supply  circuit. 
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THE  INTERCONNECTION  of  power  systems 
to  reduce  the  investment  in  reserve  capacity, 
lower  generating  costs  and  obtain  greater  con- 
tinuity of  service  is  steadily  increasing.  To  obtain  sat- 
isfactory operation,  however,  there  are  many  details 
which  must  be  given  careful  attention.  The  most  im- 
portant of  these  are: — 

I — The  selection  of  switching  equipment  with  ade- 
quate  rupturing   capacity. 

2 — The  use  of  tie  lines  having  ample  synchronizing 
power  to  hold  the  systems  in  parallel. 

,) — Relay  protective  systems  arranged  so  that  a  de- 
fective section  is  quickly  disconnected. 

4 — Voltage  conditions  studied  with  regard  to  the  flow 
of  wattless  currents,  both  under  maximum  and  minimum 
load  conditions,  and  with  power  flowing  in  botli  di- 
rections. 

The  parallel  operatioa  of  two  generating  stations  is 
similar  to  that  of  two  generators  in  the  same  station, 
the  only  difference  being  the  impedance  of  the  tie  lines. 
The  division  of  load  between  the  two  plants  will  depend 
entirely  on  the  supply  of  energy  to  the  prime  movers 
and  not  on  the  voltage  adjustment.  If,  however,  the 
voltages  are  unequal,  there  is  an  unequal  division  of  the 
reactive  component  of  the  load  currents,  the  plant  with 
the  higher  voltage  taking  more  of  the  reactive  compon- 
ent, thus  equalizing  the  voltages  at  the  paralleling 
point. 

By  proper  voltage  adjustments,  the  platit  which 
furnishes  power  to  the  tie  line  may  be  made  to  supply 
the  reactive  component  associated  with  that  power, 
under  which  condition  the  difference  in  voltage  at  the 
two  busses  will  vary  with  the  load  on  the  line,  being 
zero  at  no  load  and  a  maximum  when  inaximum  load 
is  being  transmitted.  Generally  this  method  of  opera- 
tion produces  too  wide  a  range  of  voltage  at  the  sta- 
tion bus  for  satisfactory  service.  However,  by  vary- 
ing the  magnitude  and  sign  of  the  reactive  component 
transmitted,  it  is  possible  to  maintain  any  required  volt- 
age difference  between  the  two  plants.  For  any  given 
voltage  difference,  there  is  a  certain  load  which,  with 
ihe  reactive  component  associated  with  it,  will  absorb 
that  voltage  difference.  When  the  power  transmitted 
is  less,  it  is  necessary  to  set  up  a  reactive  current  be- 
tween two  stations,  which  will  lower  the  power-factor 
of  the  transmitting  station  and  raise  the  power-factor 
of  the  receiving  station.  When  the  power  transmitted 
is  more  than  the  given  value,  the  reactive  current  must 
be  in  the  opposite  phase,  and  have  the  opposite  effect 
on  the  power-factors  of  the  two  stations.  In  order  to 
have  the  same  voltage  at  both  stations,  the  reactive  cur- 
rent must  always  lead  the  voltage  of  the  transmitting 
station,  and  increases  as  the  load  increases.  This 
means  that  the  receiving  station  not  only  must  supply 


all  of  the  reactive  current  associated  with  the  load  re- 
ceived from  the  other  station,  but  must  also  supply  a 
certain  amount  of  reactive  current  to  the  line  in  order 
to  hold  up  the  bus  voltage. 

When  it  is  necessary  to  maintain  the  same  bus 
voltage  at  both  stations,  the  reattivv  "^current  may 
develop  into  an  item  of  considerable  cost.  For  this 
reason,  it  is  desirable  to  reduce  it  as  much  as  possible. 
This  can  be  done  in  the  following  ways : — 

(J— By    varying    the    voltage    at   either   end   of    the   tie 
line    as    the    load    varies,    using, — 
/ — Taps  on  transformers. 
2 — Synchronous   boosters. 
.? — Induction   regulator. 
4 — Step   induction    regulator. 
fc--By   varying   the    impedance   of   tlic   tie   line   as   the 
load    varies. 

To  illustrate  the  merits  of  the  various  schemes,  a 
definite  problem  will  be  worked  out,  taking  as  an  ex- 
ample the  tie  between  the  Chester  and  Schuylkill  plants 
of  the  Philadelphia  Electric  .Company. 

The  Chester  Station  {A  Fig.  i)  has  a  capacity  of 
6o  ooo  kv-a.  and  generates  at  three-phase,  6o  cycles, 
13200  volts.  The  Schuylkill  Station  {B  Fig.  i)  has 
a  capacity  of  100  000  kv-a.,  three-phase,  60  cycles, 
13200  volts.  There  are  two  66000  volt  tie  lines. 
Each  line  is  76000  feet  long,  and  the  conductors  are 
2/0  copper,  spaced  six  feet  apart.  For  each  line  there 
i^  a  step-up  and  step-down  transformer  bank,  each  bank 
consisting  of  three  5000  kv-a.,  single-phase,  60 
cycle,  13200/66000  volt  transformers  having  IR  = 
o.^Q  percent  and  IX  =  4  percent.  These  transformers 
have  a  maximum  rating  of  6250  kv-a. 

Example  i — Suppose  the  voltage  at  i?  =  13800  volts,  and 
it  is  desired  to  transmit  15000  kw,  at  85  percent  power- factor 
by  tie  line  from  A  to  B.     What  must  the  voltage  be  at  A  ? 

Impedance  of  one  bank  of  three  5000  Kv-a.  transformers 
=  0.069  4-  10.467  in  13  200  volt  terms. 

Impedance  per  mile  of  line  =  0.42  -\-  jo.77 

Impedance  per  line  =  6.1  -\-  j\i.i  in  66000  volt  terms  = 
0.244  -f  yo.44  in  13  200  volt  terms. 

Total  impedance  of  line,  step-tip  and  stcp-do'fn  tran.';- 
former  =  0.244  -f-  /0.44  -f  2  (0.069  +  jo.467)  =  0.38  -|-  ;i.3S. 

Current  per  line  =  630  —  7390 

Drop  per  line  =  (630  —  /390)    (0.38  -|-  yi.38)  =  777  -j- 


Vollage  at  station 


4  =,1^   + 
1   J 


777  +  /722  =  8777  -1- 


.'/-'^ 


R.m.s.  value  at  station  A  =l/'3  X  V  8777"  +  722'  = 
8780  X  1/3  =  15200 

Example  ^—Suppose  with  a  voltage  at  B  of  13800  volts 
it  is  desired  to  transmit  15000  kw  per  line  from  B  to  A. 
What  is  the  voltage  at  A} 

Drop  per  line  =   (630  —  y39o)    (0.38  -1-  yr.38)   =  777  -|- 

7722. 

,.   ,  •         .,         13800 

f  ollage  at  station  A  = ^  —  777  —  7722  =  7223  — 

R  ms.  voltage  =1''3  X  V  7^f  +  722=  =  12500 
Example  j — If    13800  volts   is   maintained   at  both   .J   and 
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/?,  and   15000  k\v.  is  to  bi-  transmitted   from  A   to  B,  what  is 
the  wattless  current  transmitted  from  W  to  B  ? 
Let  c  ■—  the  wattless  current  per  line. 

1  hen  vollatie  drop  per  line  =    (630  +  jc)    (0.38  +yi.38) 
■  3800        „  ,  , 

( 'oltiiije  at  A  — =-  — ■  8000  volts  per  phase 

V3 
Vollaye  at  B  =  8000  —  (630  +  jc)    (0.38  +  ;i.38)   = 
8000  —  239  +  1-381:  —  y   (870  +  o.38f)  =  776t   +   i.38<-  — /' 
(S70  +  0.381-) 

8ooo=  =  (776r  +  i.38c)=  +  (870  +  0.38c)- 

2.04r  :=  22  08 1 C  —  3010000  =  O 

_—  22  081  +  1  •-'  22  o8r  +  4  X  2.04  X  3  010  000 

'  2    X    2.04 

—  22081  +  22630  ^        ... 

-  -  =  134  amperes  leading 


Wattless  kv-a 


4.08 

3  X  13800  X  134  _ 
1000 


3200 


Station  ./  will,  therefore,  have  to  supply  3^00  leading  re- 
active kv-a.  per  line. 

If  the  load  power- factor  is  85  percent,  the  laggnig  re- 
active kv-a.  corresponding  to  15000  kw.  is  9350  kv-a. 

The  generators  at  />'  will,  therefore,  have  to  supply  9350 
+  3200  =  12550  Kv-a  lagging  per  line,  in  addition  to  the  re- 
active kv-a.  corresponding  to  their  share  of  the  load.  Tf  they 
arc  unable  to  do  this,  it  will  be  necessary  to  install  synchronous 
condensers  of  rating  corresponding  to   12550  kv-a.  per  line. 

Example  ^—Suppose  it  is  permissible  to  run  A  at  14300 
vnlts,  the   wattless  current   is   reduced. 

Let   f  =  wattless  current  per  line 

Drop  per  line  =  (630  +  jc)   (0.38  4-  yi.38) 
14300 

I'ollayc  at  A  = — -=-  =  8299 

foltagc  at  B  =  8289  —  (630  +  Jc)    (0.38  +  yi.38) 
=1(8050  +  1.38c)  —  y(870  +  0.38c) 
8000=  =  (8050  -f  1.38c)-  +   (870  +  o.38c)= 
ll'lieiice  c  =  — 71. 


FIG.    I— SINGLE    LINE    L.VYOLT    OF   TIE   BETWEEN    THE    CHESTER    AND 
SCHUYKILL  POWER  PLANTS 

Hence  the  current  will  be  71  amperes  lagging  and  reactive 
kv-a.  =::  1700.  If  synchronous  condensers  arc  used,  they 
"iMild  require  a  rating  per  line  =  9350  —  1700  :=  7350  hv-a. 

To  transfer  power  in  both  directions,  with  a  volt- 
.ij;c  difference  not  exceeding  500  volts  between  the  two 
generating  voltages,  it  is  necessary  to  have  about  15  000 
kv-a.  in  synchronous  condenser  capacity  at  each  end 
of  the  line.  This  would  mean  a  first  cost  for  equip- 
ment of  about  $150000.  Both  on  the  gi-ounds  of  first 
cost,  and  cost  of  losses,  the  synchronous  condenser  is 
not  as  favorable  as  the  alternatives  given  below. 
The  losses  at  full  load  for  a  7500  kv-a.  condenser  are 
about  290  kw. 

From  Example  4,  we  see  that  changing  the  voUage 
at  A  from  13800  to  14300  volts,  changes  the  wattless 
current  from  134  amperes  leading  to  71  lagging,  while 
some  intermediate  voltage  would  require  no  wattless 
current.  When  there  are  transformers  in  the  tie  line, 
this  adjustment  of  voltage  can  be  done  by  varying  the 
taps  on  the  transformer.  The  taps  can  be  changed 
under  no-load  conditions,  without  any  special  equip- 
ment, but  if  it  is  desired  to  change  under  load,  it  is 
necessary  to  use  oil  circuit  breakers  and  preventive 
autotransformers.  Such  a  scheme  is  illustrated  in  Fig. 
2.     This   cannot   be   made   automatic,    since   a   contact 


voltmeter  cannot  distingui.>;h  between  a  change  in  volt- 
age caused  by  variations  in  the  transmission  line  volt- 
ages, and  that  caused  by  a  short-circuit  or  other  dis- 
turbance on  the  line  of  momentary  duration.  These 
latter  effects  cause  the  apparatus  first  to  raise  and  then 
to  lower  the  voltage,  causing  the  apparatus  to  function 
unnecessarily.  In  the  present  state  of  the  art,  circuit 
breakers  must  have  a  certain  amount  of  time  between 
operations  under  heavy  load  conditions  to  permit  the 
venting  of  the  accumulated  gasses  in  the  air  chamber 
of  the  breaker. 

Froni    Example    i,    the    drop    when    transmitting 
15  000  kw  at  85  percent  powei--factor  per  line  is  15  200 

—  13  800  =  1400  volts,  or  '  ~~ X  100  ^=  Q.2  percent. 

15200 

If  then  the  voltage  at  generating  station  A  is  kept 
constant,  but  nine  percent  voltage  is  added  by  some 
regulating  equipment,  the  same  thing  would  be  accom- 
plished. Station  A  could  operate  at  constant  voltage 
and  the  voltage  regulating  equipment  would  allow  each 
line  to  transinit  15000  kw  at  85  percent  power-factor. 
The  regulating  equipment  would  require  a  rating  of  830 
9 


X  1 


X 


X    13  800  =   1780  kv-a.     This  voltage 


regulating  equipment  could  consist  of  several  alterna- 
tives, as  follows : — 


FIG.    2 — TAP   CHANGER    FOR   ONE    PHASE 

The  circuit  breakers  are  electrically  interlocked  and  oper- 
ated by  a  drum  controller  with  nine  positions. 

Breakers  Breakers 

Position              Closed  Position             Closed 

1    I  and  6  6  4  and  3 

2  I  and  2  7  4  and  6 

3   2  and  6  8  5  and  4 

4   3  and  2  9  5  and  6 

5   i  ;"h1  <"' 

A  synchronous  booster  set  consists  of  a  generator 
insulated  for  insertion  in  the  line  and  driven  by  a  syn- 
chronous motor.  In  the  example,  considered  it  might 
be,  for  instance,  a  1780  kv-a.,  three-phase,  830  ampere, 
1242  volt,  85  percent  power- factor  generator  insulated 
for  insertion  in  the  13800  volt  line,  and  driven  by  a 
13  800  volt  motor  large  enough  to  driv^e  the  booster  and 
also  to  give  a  corrective  kv-a.  as  well.  This  set  would 
be  furnished  with  a  cradle  so  that  the  booster  voltage 
can  be  adjusted  to  be  in  phase  with  the  line  voltage.  It 
would  have  full  load  losses  of  about  200  kw,  and  two 
sets,  one  for  each  line,  would  cost  about  $60000  with- 
out installation  costs.  The  objection  in  this  case  to  a 
booster  set  is  the  difficulty  of  building  a  madiine  which 
will  stand  up  under  short-circuit  conditions.  If  the 
machine  is  installed  at  station  B  a  short-circuit  at  the 
booster  would  give  about  30  times  full-load  current  for 
instantaneous  symmetrical  values.  Since  the  booster 
has  a  small  rating,  the  windings  have  a  relativel)'  light 
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cross  section  of  copper  and  since  the  winding  has  to  be 
insulated  for  13800  volts,  it  is  very  difficult  to  brace 
the  coils  to  stand  these  currents. 

A  method  of  overcoming  this  defect  would  be  to 
use  a  booster  wound  for  a  lower  voltage,  and  to  connect 
it  into  the  line  by  a  series  transformer  designed  to 
saturate  at  fifty  percent  above  normal  voltage.  The 
low-voltage  machine  will  have  end  windings,  with  much 
shorter  overhang  and  with  less  insulation  on  the  copper, 
so  the  winding  can  be  much  better  braced  against  dis- 
tortion under  short-circuit.  The  use  of  low-voltage 
will  reduce  the  cost  of  the  booster  and  partially  com- 
pensate for  the  addition  of  a  series  transformer.  The 
cost  of  a  low-voltage  booster  and  series  transformer 
will  be  about  fifteen  percent  greater  than  the  high- 
voltage  booster. 

Instead  of  a  synchronous  booster,  a  three-phase  in- 
duction regulator  can  be  used.  These  regulators  can 
be  built  for  voltages  up  to  13800  volts,  and  can  be 
made  oil-insulated  self-cooling,  oil-insulated  water- 
cooled,  or  air  blast.  The  oil-insulated  types  can  be  built 
for  outdoor  service.     Generally  speaking  the  cost  of  in- 


H  eight 
Floor  space 
Weight   without   oi 
Gallons  oil 
Total  losses 


I  1    It.,    in   111. 

()   ft.,  y'/n   ill.   by  0   ft.,  2%    ill. 

45  000  lbs. 

1570 

J  kw. 


Jtist  as  in  the  case  of  the  booster,  a  series  trans- 
former can  be  used  in  connection  with  an  induction 
regulator,  both  to  prevent  insulating  the  secondary  for 
line  voltage  and  to  reduce  the  short-circuit  currents. 
As  a  further  example,  we  shall  consider  such  a  case, 
with  connections  as  shown  in  Fig.  3. 

Example  5 — At  station  B,  assume  a  1575  kv-a.,  three- 
phase,  60  cycle,  induction  regulator,  capable  of  giving  eight 
percent  regulation  on  a  three-phase,  830  ampere,  13  200  volt 
circuit  in  connection  with  a  series  transformer. 

Station  B  =^  looooo  kw.,  11  percent  reactance. 

Reactance  in  ohms  =  yo.192. 


Series   Iransfornte 
/"■0735 


reactance   =:  =^- 


I   J    X  830         too 

T05S 


Induction   ree/iilator  reactances  — = — ^ X 

1   J  >X  830         100 
=  yo.0735 

In   the  case   of   a   short-circuit,   the   equivalent   circuit   per 

phase    is    shown    in    Fig.    4,    which    is    equivalent    to    Fig.    5. 

Assuming  that  the  series   transformer  saturates  at   50  percent 

over-vohage,    then    at    the    point    of    saturation    the    voltage 

1055  X   r^ 

across    the    scrie.?    transformer    is     = ;=    915    volts. 

]   J 


3 — SERIES    TR.^NSFORMER    USED    IN 
CO.NNECTION    WITH    INDUCTION 
REGULATOR 


FIG.    4 — EQUnWLEXr    OF    ONE    PHASE   OF 
FIG.    3    WITH    A    SHORT    CIRCUIT   AT    X 


FIG.  5 — REGULATOR  VIRTUALLY  SHUNTEn 
(JUT    BY    ,\    SHOUT    CIRCUIT 


cluctidii  regulators  should  be  less  than  synchronotis 
boosters. 

As  an  induction  regulator  has  a  very  low  react- 
ance, not  much  over  one  percent  based  on  the  rating  of 
the  feeder  in  which  it  is  inserted,  it  is  necessary  to  pro- 
tect it  with  current  limiting  reactors  where  it  is  subject 
to  heavy  short-circuit  currents.  For  instance,  suppose 
a  regulator  was  installed  at  station  B,  on  the  low-ten- 
sion side  of  the  step-down  transformers.  If  station  B 
has  100  000  kw  capacity,  at  11  percent  reactance,  this 
is  equivalent  to  2.07  percent  on  18750  kv-a.  If  the 
regulator  has  one  percent  reactance,  it  requires  three 
percent  current  limiting  reactors  to  limit  the  current  to 
sixteen  times  full-load  current  in  the  case  of  a  dead 
short-circuit.  The  windings  of  a  large  induction  regu- 
lator used  for  the  interconnection  of  generator  plants 
should  be  braced  similar  to  turbo-generator  practice, 
and  all  mechanical  details  should  be  designed  with 
short-circuit  conditions  in  mind. 

A  1750  kv-a.,  three-phase,  60  cycle,  13600  volt  in- 
duction regulator  capable  of  nine  percent  buck  or  boost 
was  installed  early  in  the  3'ear  at  the  step-down  sub- 
station at  Schuylkill  station  of  the  Philadelphia  Elec- 
tric Company  for  interconnection  of  the  Chester  and 
Schuylkill  plants.  The  regulator  has  the  following 
dimensions : — 


The 


current 
915 


tlie     series     transjonner 
=   6230   amperes.        The 


and     regulator    =^ 
oltage    drop    from 


0-0735  +  0.0735 

this  current  =  6230  X   (0.19  vf  0.0735  -f-  0.0735)  =^  -'oo  I'olts. 

The    net    voltage    to    produce    the    current    ^    7260   —   2100  ^ 

5520  volts. 

Let' 

/i    =  the  current  in  the  primary  of  the  series  transformer. 

/;    ^  the    current    in    the    secondary   of    the    series    trans- 
former and  regulator. 

Li    =  the  self-inductance  of  the  transformer  primary. 

/-=    =  the  self-inductance  of  the  transformer  secondary. 
Mi-.  =  the   mutual   inductance   of  the  scries   transformer. 

L„   -—  the  leakage  reactance  of  the  regulator. 
Then   in  the  circuit  consisting  of  the   secondary  of  the  series 
transformer  and  regulator — 

0  =  J2  w  f     {L_L:  +    T.L„  —  .1/,,/,) 
■J_        M,2  /■ 
/   ^  L,.+  L„ 
In  the  case  above, 

2  TT  /  .1/1:  =  0.0625  ohms 

2  w  f  L2    =  0.065     ohms 

2  TT  f  Li    =^  0.133     ohms 

The   values    were   obtained    from   the    design    data   of    the 
series  transformer. 

(0.0625         \ 
ao625  +  0.0735/  ^'  =  °-45A 
Also 

5520  =  /2  TT  /  (L,/.  —  .\f,.J,)  -f-  0.19A 
^=  .i2  w  f  (LJ,  —  .V,,  X0.45/,)  +0.19A 

SS20    ■  5520 


Whc 


/= 


T    /     (Li    .1/,=    X    0.45)    -f   0.19 

55-0 

-r-T  =  18400  amperes 


0-133  —  0-0625  X  0.45  -r  0.19 


0.45/,  r=  0.45  X  18400  =  8300  ampe 
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The  total  current  in  the  secondary  of  the  regulator  ^= 
8300  -f-  6230  =  14530.      This  is   17.5  times   full  load  current. 

The  cost  of  the  regulator  with  the  series  traiisiormcr  is 
approximately  fifteen  percent  mure  than  the  high-voltage 
regulator. 

A  polyphase  regulator  adds  a  constant  voltage  to 
a  circuit,  but  the  phase  angle  can  be  varied  from  zero 
to  360  electrical  degrees.  In  the  case  of  the  ordinary 
feeder,  a  variation  from  niiiiiiiiuni  buck  through  neu- 
tial  or  mid  position  to  maximum  boost  is  generally  all 
that  is  necessary.  In  the  case  of  interconnection,  how- 
ever, there  may  be  two  circuits  whicji  are  unequally 
loaded,  due  to  one  being  tapped  and  the  other  having 
no  taps  taken  off.  This  will  produce  different  phase 
angles  in  the  two  circuits.     In  that  case,  to  get  maxi- 


I-IG.    6 — POSITION   OF   REGULATORS    TO   OBTAIN    MAXIMUM    I.OADIXC 

£1  =  Voltage  at  end  of  line  /. 
£;  =  Voltage  at  end  of  line  .'. 
Ri  and  R2  =  Regulator  secondary  voltages. 
Eb^  Voltage  at  station  B. 

mum  loading  it  may  be  desired  to  place  the  regulators 
in  a  different  position,  as  shown  in  Fig.  6. 

Considerations  like  these  lequire  that  regulators  he 
capable  of  rotating  the  full  360  electrical  degrees,  so  ; 
to  pass  successively  from  buck,  neutral,  boost,  second 
neutral,  bad<  to  boost.  Also  in  cases  like  these,  it  may 
be  desired  to  know  the  exact  position  of  the  regulator. 
\\'hen  the  regulators  are  mounted  outdoors,  a  position 
ii'dicator  is  necessary.  This  is  a  modified  reactive- 
factor  meter.  It  has  three  voltage  coils,  spaced  120  de- 
grees electrically.  These  are  connected  in  star  and 
supplied  from  a  three-phase,  1 10  volt  supply.     A  rotat- 


ing field  is  produced  and  in  this  rotating  field  is  pivoted 
a  movable  iron  vane,  magnetized  by  a  stationary  coil. 
This  coil  is  energized  from  a  potential  transformer  con- 
nected across  the  secondary  on  one  phase  of  the  regu- 
lator. The  iron  vane  takes  up  a  position  where  the 
zero  of  the  rotating  field  occurs  at  same  instant  as  zero 
of  its  own  field.  The  pointer  will  follow  through  3t)0 
ciegrees  as  the  regulator  is  moved,  and  the  dial  can  be 
calibrated  in  any  way  desired. 

The  last  method  of  varying  the  voltage  is  by  the 
use  of  a  step  induction  regulator.  This  regulator  is 
similar  to  the  step-type  regulator  in  that  the  variable 
voltage  is  obtained  by  cutting  in  or  cutting  out  a  por- 
tion of  the  series  winding  of  a  regulating  transformer. 
However,  instead  of  transferring  abruptly  from  tap  to 
tap,  the  transfer  is  made  by  means  of  two  variable  vol- 
tage coils  on  a  series  transformer,  the  voltage  of  which 
is  varied  by  means  of  a  small  induction  regulator. 

In  general,  for  interconnection  the  induction  regu- 
lator is  the  simpler  equipment  for  13  200  volts  and 
lower,  but  above  this  voltage,  where  transformers  for 
both  the  primary  and  secondary  of  the  induction  regu- 
lator are  necessary,  the  step  induction  regulator  has  the 
advantage  of  lower  first  cost. 

As  an  alternative  to  varying  the  voltage,  the  im- 
pedance of  the  tie  lines  can  be  varied.  As  a  leading 
current  flowing  over  a  reactance  produces  a  rise  in  volt- 
age, therefore  an  increase  in  the  reactance  will  mean  a 
reduced  leading  current  for  a  given  increase  in  voltage. 
This  method,  however,  has  limited  application,  as  other 
conditions  Generally  prevent  the  switching  of  tie  lines 
or  the  insertion  of  additional  reactance. 


Tie  Lme  App3i (Ration  for  Inline xjob  iJ'Do^lD! 


C.  R.  GILCHREST 

Supply  Department, 
Westinghousc  Electric  it  Mfg.  Company 


TlIK  USE  of  induction  feeder  regulators  by  cen- 
tral stations  has  increased  materially  during  the 
past  few  years.  The  prmcipal  requirement  has 
beeri  for  voltage  regulation  on  distribution  feeders,  and 
it  is  only  recently  that  their  application  has  been 
broadened  in  an  increasing  variety  of  ways.  For 
example,  wherever  a  smooth  variation  in  voltage  is  re- 
quired, rather  than  the  maintenance  of  a  constant  volt- 
age, the  induction  regulator  has  found  a  wide  field  of 
usefulness.  The  following  applications  for  induction 
regulators  have  been  developed  to  date : — 

/ — To  maintain  a  constant  desired  voltage  at  a  given 
center  of  distribution  on  feeder  circuits.  This  has  been 
the  most  important   application. 

2 — For  the  voltage  control  of  testing  transformers. 
J— For  controlling  the  voltage  "of  electric  furnaces. 
This  application  is  practically  new,  as  the  use  of  very 
large  furnaces  has  not  been  common  until  recently. 
Small  electric  furnaces  and  wehiing  machines  are  gen- 
erally controlled  by  the  use  of  tr.msformers  with  suitable 
taps. 


./-  To  the  alternating-current  side  of  rotary  con- 
verters to  maintain  a  constant  desired  direct-current 
voltage.  This  application  has  been  almost  entirely  supei- 
seded  by   the   use  of  the  booster-converter. 

5 — To     transmission     lines     which     supply     power     to 
interconnected    loads,    and    operate    as    tie    lines    connect- 
ing  two   large   power   systems   or   stations   in   parallel. 
The  last  named  application  is  also  the  most  recent, 
oud    presents    soine    very    interesting    problems,    both 

Philadelphia  Pa  7,^ 

'  D-pO  50055J  0> 

I D-pO  »"""   ol 

J  Phase  Reacwocr        1": 


FIG     I — A    SINGLE   LINE  DIAGRAM    OF  THE   PHILADELPHIA    AND 
CHESTER    TR.\XSMISSI0N    SYSTEM 

from    the    theoretical    and    inanufacturing    standpoint. 
An  example  is  the  recent  installation  by  the  Philadel- 
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phia  Electric  Company  of  two  large  polyphase  induction 
regulators  for  this  purpose.  This  problem  involved  the 
paralleling  of  two  generating  stations,  the  Schuylkill 
power  house  at  Philadelphia  and  the  Chester  station  at 


ticular  interest,  being  by  far  the  largest  ever  built. 
1  hey  are  motor  operated,  water  cooled,  designed  for 
outdoor  service,  and  are  rated  as  1750  kv-a.,  three- 
phase,  60  cycles,  13600  volts,  nine  percent  regulation, 


FIG.    2 — THE    66000    \'OLT    OUT-DOOR 

Chester,  which  are  connected  by  two  lines  about  four- 
teen miles  long,  as  shown  in  Fig.  I.  The  desired  results 
in  the  way  of  voltage  regulation  could  be  obtained  either 
by  synchronous  boosters  equipped  with  a  frame  shifting 
device  or  by  polyphase  induction  feeder  regulators. 
The  induction  regulator  was  finally  chosen  for  this  ser- 
vice* because  of  its  superiority  over  the  synchronous 


SUBSTATION    ,'\T    PH  ITAIIELI'M  lA 

and  are  arranged  for  use  on  a  20  000  kv-a.  transmission 
circuit.  It  was  necessary  to  construct  the  regulators  so 
that  they  would  be  able  to  withstand  very  severe  dis- 
turbances of  either  the  line  current  or  voltage.  The 
ability  of  these  machines  to  withstand  heavy  short-cir- 
cuits was  especially  important,  as  heavy  current  surges 
?re   often   experienced,   and   interruption   of  service  on 


He,    J-  -I'.OTTOM   VIEW   OF  REGULATOR   STATOR 

Showing  the  bracing  of  coil  endb. 

booster  in  the  following  points: — simplicity,  ruggedness 
and  ability  to  resist  short-circuit  stresses,  adaptibility  to 
outdoor  service  and  lower  initial  cost. 

These   polyphase   induction    regulators   are  of  par- 


*Thc  application  of  this  apparatus  is  also  described  by  Mr. 
Raymond  Bailey  in  the  Electrical  World,  June  12,  1920. 


FIG.  4 — TOP  VIEW  OF  REGULATOR   STATOR 

Showing  the  bracing  of  coil  ends. 

either  of  these  two  lines  would  be  disastrous,  on  account 
cf  the  important  industrial  plants  that  would  be  shut 
down.  The  regulators,  therefore,  have  been  built  to 
withstand  instantaneous  currents  as  great  as  fifteen 
times  the  normal  rating,  and  line  reactances  have  been 
installed  which  limit  the  short-circuiting  current  to  this 
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value.  The  building  of  such  large  unit.s  uiuler  the  cir- 
cumstances presented  a  problem  involving  new  features, 
both  in  the  engineering  design  and  factory  construction, 
'i'o  load  the  two  lines  properly,  it  is  necessary  to  know 


-Bracing 
distortion. 


FK;.    5 — RKGI1..\T0K    RO*rtlS"C0M"r'l.ETE   WITH    SLIP   RINdS 

the  phase  relation  of  the  regulator  secondaiy  voltages, 
their  relation  to  each  other  and  to  the  line  voltages.  To 
accomplish  this,  each  regulator  is  equipped  with  a  posi- 
tion indicator,  consisting  of  a  360  degree  power-factor 
meter,  calibrated  for  this  service.  These  position  in- 
d:cators,  with  the  instruments  foi  the  two  transmission 
i'nes,  are  mounted  on  the  station  switchboard  near  the 
n>gulator  operating-motor  control. 

I-'igs.  3  and  4  show  the  stationary  or  primary  wind- 
ing. This  winding  was  designed  with  the  following 
main  points  considered: — 

/— Kmploying  the  best  class  of  insulation  availabk-. 
-'—Making  the  coil  ends  as  short  as  possible,  with- 
out   interfering    with    the    winding    of    the    machine. 

J— Bracing  of  the .  coil  ends  thoroughly  to  prevent 
-  Wi'^' 
!  The  insulation  em- 
ployed on  liolli  stator  and 
rotor  on  all  ])arts  em- 
bedded in  the  slots  is 
.\.  I.  K.  v..  class  B-2.  It 
consists  chiefly  of  mica 
and  is  identical  with  that 
employed  in  standard 
turbtjgenerator  construc- 
tion. 

To    reduce    the    possi- 
bility  of   the   distortion   of 
the   coil    ends,   it   is   neces- 
^"^ary  to  keep  the  lengths  of 
these     ends     a     minimum. 
To    do    ibis,    howe\er,    in 
coils  insulated  for  this  high 
\oltage    and    fairly     heavy 
current  is  not  a  simple  de- 
sign   problem,    on    account 
of  the  difficulty  of  placing 
'     the  coils  in  the  slots  if  the 
Fu;.  ()    u-.'.ii  1.1  11.  ki..ii....  ends   are   too  short.     Figs. 

REMOVED  EKOM   TANK  ,  J     »     „l,  .1  „    ..„.„.. 

3,  4  and  5  show  the  roloi 
and.  stator  windings. 

The  windings  are  held  ^till  irore  securely  by  proper 
bracing  in  all  directions.  'Jhe  coil  ends  are  reinforced 
by,  and  securel\    tied  to,  insulated,  steel  rings,  as  illus- 


lillr 


^■r"^ 


trated.  They  are  also  packed  between  turns,  so  that 
both  front  and  back  sections  of  the  winding  receive  the 
support  of  these  bracing  rings,  lir  addition  to  the  ring 
bracing,  wedge  shaped  blocks  are  placed  and  tied  firmly 
between  coils  to  prevent  lateral  distortion.  The  wedges 
and  packing  are  put  in  place  as  the  winding  progresses. 
Perhaps  one  of  the  most  interesting  features  in  tlie 
design  of  this  regulator  is  the  use  of  slip  ring  contacts 
for  the  rotor  winding.  This  method  eliminates  undesir- 
able high  voltage  flexible  leads  around  the  rotor  shaft 
and  at  the  same  time  permits  360  degree  movement  of 
ibe  rotor.  In  this  way  both  a  lagging  and  leading  neu- 
ti'al  position  of  the  regulator  secondary  voltage  is  ob- 
tained. 


FlC.     7 — 1750     KV-.\,      ITIKKI'-L'HASK.     I^.'OOO     Vdl.TS.     -NINE     I'ERCE.N  T 
RECL'L.XTIOX,    WATER    COOLED    INDUCTION    REGl'I.ATOR 

Complete  with  tank  and  outdoor  hood. 

A  rather  ingenious  method  has  been  employed  to 
prevent  serious  damages  to  the  important  castings,  gear 
housing,  cover,  etc.,  in  case  an  abnormally  severe  short- 
c'rcuit  should  develop.  The  forces  set  up  under  the 
conditions  are  so  large  that  it  was  deemed  desirable  to 
take  precaution  against  serious  damage  to  these  parts. 
Consequently,  the  regulator  worm  housing  is  equipped 
w  ith  bearing  jilates  held  in  place  by  four  bolts  in  such 
a  manner  as  to  permit  movement  of  these  plates  through 
elongation  of  the  bolts  if  sutificient  stress  is  applied  by 
the  regulator  rotoi-.  It  is  calculated  that  the  time  re- 
quired for  these  bolls  to  lengthen  is  sufficient  for  the 
protecting  circuit  breaker  to  open. 

The  complete  regulator  is  shown  in  Fig.  7  with 
pipe  connections  for  the  cooling  water  and  breather. 
The  cooling  coils  are  of  copper  tubing  and  are  fastened 
into  the  top  of  the  regulator  tank. 


SwItdBii;^  mi  Protecrtloii  ©f  TrujJsmissloB 
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THE  VARIOUS  important  constituents  connected 
with  transmission  switching  and  protection  hav- 
ing been  discussed,  some  power  systems  both 
proposed  and  actual,  will  be  considered  to  get  a 
broader  \  lew  point  of  the  problems  involved. 

In  connectiim  with  a  proposed  generating  station 
that  will  ultimately  contain  fifteen  25  000  kv-a,  vertical 
shaft  waterwheel  generators,  some  preliminary  studies 
were  made  relative  to  the  switching  equipment,  with  the 
idea  of  placing  the  low-tension  curcuit  breakers,  as  well 
as  the  high-tension,  out  of  doors. 

The  original  installation  of  this  plant  is  to  comprise 
four,  25000  kv-a,  12  kv,  60  cycle,  three-phase  maxi- 
imun  rated  vertical  shaft  waterwheel  generators  with 
suitable  exciters.  The  output  of  the  first  four  units  is 
to  be  transmitted  at  the  generator  voltage,  12  kv.  to  a 
large  industrial  plant  in  the  neighborhood,  a  distance  of 
about  two  miles,  over  four  feeder  circuits,  each  of 
25  000  kv-a  capacity.  These  feeders  are  to  tie  in  with 
the  present  switching  equipment  at  that  plant  which  is 
now  fed  from  a  maximum  rated  turbo-generator  of  70- 
000  kv-a  capacity  and  two  20  000  kv-a  transformer 
banks,  stepping  down  from  1 10  to  12  kv.  fed  from  a 
large    power  transmission  system. 

It  is  quite  probable  that  the  two  20  000  kv-a  trans- 
former banks,  with  their  equipment,  that  are  now  locat- 
ed near  the  steam  station,  will  be  moved  to  a  point  ad- 
jacent to  the  hydraulic  plant  and  that  two  additional 
banks  of  the  same  capacity  will  be  added.  These  four 
20  000  kv-a  transformer  banks,  with  four  1 10  kv.  lines 
of  the  same  capacity,  are  to  form  the  load  for  the  next 
three  units,  but  25  000  kv-a  transformer  banks  and 
lines  may  be  used  instead,  to  facilitate  the  employment 
of  the  unit  system  of  switching.  Energy  will  probably 
be  delivered  to  the  power  transmission  system  mention- 
ed above. 

The  disposal  of  the  output  of  the  final  eight  units 
is  a  more  difficult  problem  to  predetermine,  but  designs 
have  been  worked  up  on  a  basis  of  using  four  50  000 
kv-a  transformer  banks,  each  fed  from  two  25000  kv-a 
generators,  and  each  feeding-a  50  000  kv-a  line  at  a  high 
voltage,  such  as  220  kv,  and  power  will  be  delivered  in 
large  blocks  to  important  industrial  centers  and  power 
networks  within  a  radius  of  two  or  three  hundred  miles. 

It  is  likely  that  the  generators  will  be  of  the  outdoor 
design,  with  concrete  stators,  and  there  will  be  no  roof 
over  the  portion  of  the  power  house  containing  the  gen- 
erators. 

The  complete  ultimate  plant  is  shown  on  the  single 
line  diagram  of  connections.  Fig.  52.  The  parts  con- 
templated for  the  first  installation  are  shown  within  the 
dot  and  dash  line,  and  these  connections  and  the  location 


indicated  for  the  apparatus  correspond  closely  with  the 
actual  mechanical  location  contemplated  for  the  various 
devices. 

With  the  first  installation  of  four  units,  it  is  the  in- 
tention to  make  the  generator  bus  of  1200  amperes 
capacity  in  place  of  2400;!.  e.  of  the  capacity  of  one 
generator  in  place  of  two.  By  doing  this,  the  size  of 
the  bus  circuit  breakers  would  be  the  same  as  those  for 
the  generator  and  reactor  circuits. 

The  rupturing  capacity  selected  for  the  main  circuit 
breakers,  viz  :  '24  000  amperes  at  12  kv  has  been  based 
on  the  use  of  1200  amperes,  five  percent  reactors,  con- 
nected to  the  bus  as  shown.  These  five  percent  reactors 
would  permit  20  times  normal  current  to  flow,  if  the 
voltage  were  maintained  on  the  bus.  As  the  generators 
will  have  20  to  25  percent  reactance,  and  the  bus  will  be 
SLCtionalized  as  indicated  on  the  diagram,  a  circuit 
breaker  with  rupturing  capacity  of  24  000  amperes  at 
12  kv  was  considered  amply  safe  on  this  system,  with 
the  method  of  operation  to  be  utilized. 

For  the  local  service,  an  allowance  of  5000  kv-a 
total  has  been  made,  based  on  two  1000  kv-a  local  ser- 
vice transformer  banks,  and  three  1000  kv-a  feeders. 
Local  service  reactors  marked  on  the  diagram  as  250 
amperes  five  percent  would  allow  5000  amperes  to  flow 
through  one  set  of  reactors  to  the  local  service  bus.  An 
electrical  interlock  will  prevent  the  closing  of  the  two 
service  circuit  breakers  at  the  same  time. 

The  first  four  units,  as  stated  previously,  will  pro- 
bably furnish  power  to  a  neighboring  industrial  plant, 
the  neighboring  feeders  being  marked  A'-/,  2,  5,  and  4, 
the  generator  circuit  breakers  being  marked  G-i,  2,  •?, 
and  4.  the  reactance  breakers  R-i,  2,  j,  and  4.  Similar 
markings  are  used  for  the  balance  of  the  generator  and 
reactor  circuit  breakers,  the  transformer  circuit  break- 
ers and  the  line  circuits.  It  is  the  intention  to  sectional- 
ize  the  main  bus  in  such  a  manner  that  only  two  genera- 
tors can  normally  be  connected  to  the  same  section,  with 
the  exception  of  the  .section  to  which  units  5,  6,  and  7 
are  connected. 

Each  group  of  generators. and  neighboring  feeders 
is  provided  with  a  total  of  three  circuit  breakers.  One 
will  be  in  the  generator  circuit,  connecting  the  genera- 
tor to  a  generator  bus  section.  This  in  turn,  is  connect- 
ed either  to  the  neighboring  feeder  by  a  suitable  circuit 
breaker  or  through  a  circuit  breaker  and  a  reactor  to  the 
main  bus.  Transformer  circuit  breakers  Ti  to  T4  and 
feeder  circuit  breakers  iVj  to  1^4  are  in  the  same  hori- 
zontal row  as  generator  circuit  breakei's  Gi  to  Gj  and 
reactor  circuit  breakers  Ri  to  i?7;  the  relative  order  in 
in  the  same  horizontal  row  being  probably  as  indicated. 
The  high-tension  side  of  the  transformer  banks  J,  2,  ?, 
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and  4,  connect  through  suitable  circuit  breakers  also 
marked  Ti,  Tz,  Tj,  and  T4,  and  disconnecting  switches 
to  either  of  two  no  kv  busses  sectioned  in  the  middle 
in  such  a  manner  that  the  four  1 10  kv  outgoing  feeders 
can  be  operated  each  from  its  own  transformer  bank  if 
such  a  method  of  operation  proves  desirable. 

The  mechanical  location  of  the  generator  bus  sec- 
tions will  be  such  as  to  allow  adjacent  sections  to  be 
connected  together  through  disconnecting  switches,  if 
operating  conditions  make  this  desirable.  Such  an  ar- 
rangement will  more  readily  allow  a  generator  to  be 
used  with  a   feeder  on  either  side  of  it   without  the  re- 


side with  four  400  amperes,  220  kv,  three-pole,  electric- 
ally-operated disconnecting  switches  and  one  400  am- 
peres, 220  kv,  oil  circuit  breaker.  One  of  these  three 
pole  disconnecting  switches  is  used  for  isolating  the  oil 
circuit  breaker  from  the  high-tension  line.  The  three 
remaining  three-pole  disconnecting  switches  are  used  in 
such  a  manner  that  the  transformer  bank  can  be  con- 
nected directly  to  the  line  circuit  breaker,  and  that  the 
transformer  bank  or  the  line  circuit  breaker  can  be 
connected  to  the  220  kv  bus.  This  220  kv  bus  will  be 
si_ctionalized  in  the  middle  by  a  three-pole  electrically- 
operated  disconnecting  switch. 

The  sectional  elevation  in  Fig.  53  has  been  taken 
in  such  a  manner  as  to  show  the  relative  position  of  the 
12  kv  switch  gear,  and  the  20000  kv-a,  no  kv  trans- 
former bank  with  the  connections   from  the  transform- 


FIG.   52 — I'l.AN   OF  A    PROPOSED   375  000   KV-A     II VDRO-KI.ECTRIC    POWER    PLANT 


actor  in  the  circuit.  A  complete  generator  ring  bus 
with  disconnecting  switches  on  each  side  of  each  gener- 
ator circuit  could  be  formed  in  this  manner,  if  wanted, 
but  sttch  a  method  of .  operation  would  be  extremely 
dangerous,  owing  to  the  tremendous  amount  of  energ)- 
concentrated  on  the  bus  bars. 

Generators  S  and  p  will  be  used  in  furnishing 
energy  through  transformer  circuit  breakers  No.  5  to  a 
5c  000  kv-a  transformer  bank.  Generators  10  and  11  in 
a  similar  manner  will  be  used  for  furnishing  enerj^n- 
through  transformer  circuit  breaker  No.  6  to  a  second 
50000  kv-a,  220  kv  transformer  bank.  Generator  12 
and  I  J,  14  and  if,  will  similarly  be  used  for  transformer 
banks  7  and  IS.  The  local  service  will  be  taken  off 
through  local  service  reactors,  one  connected  on  either 
side  of  bus  section  circuit  breaker  No.  2. 

Each  of  the  50  000  kv-a,  220  kv  transformer  banks 
with  its  outgoing  line  is  provided  on  the  high-tension 


ers,  circuit  breakers  and  disconnect- 
ing switches  to  the  no  kv  duplicate 
bus.  It  also  shows  the  location  pro- 
posed for  the  50000  kv-a,  220  kv 
transformer  bank  with  the  connec- 
tions through  the  three-pole  electric- 
ally-operated disconnecting  switches, 
and  the  line  circuit  breaker  to  the 
220  kv  line. 

The  disconnecting  switches  util- 
ized in  the  no  kv  circuits  are  of  the 
suspended  type  with  rigid  insulators,  and  double  throw 
switches  are  provided  to  facilitate  connecting  the 
transformer  bank  to  either  of  the  two  sets  of 
bus-bars.  A  different  type  of  no  kv  switches 
m.ay  be  employed,  w  ilh  all  three  poles  mechanically  con- 
trolled at  the  same  time,  the  switch  being  of 
the  vertical  construction,  instead  of  inverted,  so  that  the 
switch  blades  would  be  above  instead  of  below  their  in- 
sulators. 

The  disconnecting  switches  indicated  in  the  220  kv 
circuits  have  been  shown  of  the  three  column  type. 
The  switch  blade  is  arranged  to  move  in  a  vertical  plane, 
and  all  three  poles  will  be  controlled  at  the  same  time. 
These  220  kv  switches  are  indicated  as  being  mounted 
on  a  steel  platform.  The  220  kv  switches  used  for  sec- 
tionalizing  the  transfer  bus  will  be  mounted  on  the  steel 
work  of  the  tower  construction.     A  common  platform 
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will  be  used  for  containing  tlie  three-pole,  220  kv 
switches  in  the  outgoing  line  circuit,  and  the  horn  gaps 
of  the  220  kv  arresters. 

The  section  shown  in  Fig.  54  has  been  taken 
through  the  12  kv  structure  at  the  point  to  show  all  of 
the  generator  leads,  which  are  run  on  steel  structures 
mounted  on  porcelain  insulators,  each  three-phase  cir- 
cuit being  completely  enclosed  in  a  metal  grill.     The 


proximately  320  miles.  Its  lines  cover  a  territory  ap- 
proximately 200  miles  east  to  west,  300  miles  from 
north  to  south.  This  Company  supplies  power  for  the 
first  electrified  portion  of  the  Chicago,  Milwaukee  &  St. 
Paul  Railroad  in  Montana  from  Avery,  Idaho  to  Har- 
lowton,  Montana,  a  distance  of  440  miles  along  the 
railroad. 

The   transmission    lines  of    the     Montana    Power 


FIG.    S3 — REI..\TIVE   POSITION    OF   SWITCH    GEAR   AND   TRANSFORMER   BANKS 

For  the  110  kv  system  and  the  proposed  220  kv  system. 


compartment  marked  vacant  will  probably  be  utilized  for 
running  the  control  and  auxiliary  leads.  The  leads  are 
indicated  as  dropping  down  from  the  lead  compartment 
through  disconnecting  switches  into  the  1200  ampere,  15 
kv  generator  circuit  breaker  for  circuit  No.  15.  The 
leads  then  pass  back  through  other  disconnecting 
switches  to  the  generator  bus.  Potential  transformers 
with  their  out  door  fuses  are  tapped  from  the  circuits 
dropping  down  from  the  generator  leads  to  the  generator 
circuit  breakers.  The  main  bus-bars  and  the  generator 
reactors,  as  well  as  the  connections  for  the  reactor  cir- 
cuit breaker  are  shown  on  this  sectional  view. 

The  plant  just  described  is  typical  of  an  installation 
of  large  capacity  with  power  all  developed  at  one  plant 
and  with  a  fairly  good  idea  of  the  probable  future  re- 
C[uirements,  so  that  a  comprehensive  plan  may  be  work- 
ed out  at  the  start.  Most  power  systems,  however,  are 
the  result  of  a  growth  that  has  caused  the  linking  togeth- 
er of  plants  originally  distinct  and  the  development  of 
resources,  wherever  available  to  meet  the  constantly  in- 
creasing demands  for  power.  It  is  impossible  in  a  brief 
article  fully  to  describe  all  of  the  important  power  sys- 
tems in  the  United  States  or  even  to  attempt  to  list 
them.  For  the  purpose  of  making  clearer  some  of  the 
problems  connected  with  transmission,  switching  and 
protection,  a  few  representative  systems  in  different 
parts  of  the  country  will  be  described,  showing  how  dif- 
ferent plants  tie  into  the  same  system,  and  how  the  re- 
lay equipments  previously  discussed  can  be  utilized  to 
cause  the  circuit  breakers  to  function  in  such  a  way  as 
to  cut  out  defective  sections  or  equipments. 

As  an  example  of  a  power  system  that  has  resulted 
from  the  tying  together  of  numerous  stations  originally 
built  for  power  transmission  at  different  voltages,  the 
system  of  the  Montana  Power  Co.,  is  typical.  This 
Company  has  extensive  power  circuits  which  cover  a 
large  part  of  Montana  extending  from  Havre  through 
Great  Falls  to  Butte  and  to  Anaconda,  a  distance  of  ap- 


Company,  are  practically  divided  into  three  systems:  46 
kv,  65  kv,  and  100  kv.  The  46  kv  system  shown  in  Fig. 
55  is  usually  known  as  the  Madison  River  system,  the 
two  main  generating  plants  being  Madison  No.  i  and 
Madison  No.  2.  The  generating  equipments  at  Living- 
ston and  Billings  are  srnall  and  only  serve  to  take  care 
of  local  requirements.  Madison  No.  i  plant  on  the 
Madison  River  was  completed  in  1901,  remodeled  in 
1907,  and  is  of  2000  kw  capacity.  The  Madison  dam  is 
located  below  Madison  canyon,  60  miles  southwest  of 
Butte.  A  head  of  no  feet  is  obtained  for  the  two  1000 
kw  generators.  Power  plant  No.  2,  7500  ft.  below  the 
dam,  l^as  four  horizontal  turbines  of  2500  kw  capacity. 
This  plant  was  completed  in  1906.  The  power  generated 
is  stepped  up  to  100  kv  for  transmission  to  Butte,  end- 
ing at  the  Montana  Street  substation.  From  Montana 
Street  Substation,  a  tie  line  is  taken  to  the  Great  Falls 
substation,  on  Butte  Hill.  There  also  enters  the  Mon- 
tana Street  substation,  an  11  000  volt  line  from  the  Big 


FIG.   54 — GENERATOR  LEADS   IN  THE  12  KV  STRrCTt;RE 

Hole  plant  (the  first  to  supply  power  to  Butte)  located 
about  22  miles  southwest  of  Butte  on  the  Big  Hole 
River.  It  was  put  in  operation  in  189S,  transmitting 
power  to  Butte  on  a  double  circuit  pole  line.  This  plant 
contains  four  750  kw  horizontal  shaft  units. 

The  65  kv  system  shown  in  Fig.  56  is  known  as  the 
Missouri  River  System  and  has  its  main  generating 
stations  at  Canyon  Ferry  and  Hauser  Lake.     The  Can- 
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yon  Ferry  Plant  on  the  Missouri  River  was  complet- 
ed in  1898  and  enlarged  in  1901.  It  operates  at  a  head 
of  14  feet  and  contains  ten  750  kv-a.  horizontal  shaft 
waterwheel  units.  The  original  transmission  from  this 
plant,  was  at  11  kv  to  the  adjacent  Helena  district  for 
lighting  and  power  service.  In  1901  (lui)licate  65  kv 
transmission  lines  were  built  into  Butte. 

The  Hauser  Lake  plant,  completed  in  191 1  and  en- 
larged in  1914,  operates  under  a  head  of  65  ft.  It  con- 
tains six  3000  kw  horizontal  shaft  generators  and  the 
power  is  stepped  up  to  65  kv  and  transmitted  by  dupli- 
cate lines  to  a  junction  with  the  Canyon  Ferry  trans- 
mission lines  at  E.  Helena  and  then  by  these  lines  to 
Butte  and  the  Montana  Power  Company's  general  dis- 
tributing systems.  At  the  Missouri  River  substation  on 
Butte  Hill  this  system  is  tied  into  the  others  through  a 
2400  volt  trunk  line  between  the  Missouri  River  substa- 


and  street  railway  system.  Two  plants  on  opposite 
sides  of  the  river  at  Black  Eagle  Falls  operate  in  parallel 
and  also  in  parallel  with  the  Rainbow  plant. 

The  Great  Falls  generating  station,  operating  under 
a  head  of  150  feet,  was  completed  in  1916,  and  contains 
SIX  sets  of  10  000  kw  vertical  shaft  water  wheel  genera- 
tors, operating  at  6600  volts  with  transformers  stepping 
up  to  iiokv.  Power  is  transmitted  over  three  high- 
tensi(jn  lines  to  Two  Dot;  lines  having  a  capacity  of 
15000  kw,  and  a  length  of  102  miles  serving  the 
Chicago,  Milwaukee  &  St.  Paul  Railroad.  The  Morel 
line,  with  a  capacity  of  30  000  kw  and  a  length  of  143 
miles,  serves  the  Chicago,  Milwaukee  &  St.  Paul  at 
Morel,  which  is  about  at  the  middle  of  the  445  mile  elec- 
trified line.  This  plant  also  supplies  several  smelting 
I'lants  over  a  line  about  eight  miles  long. 

The  various  substations  on  the  electrified  portion  of 
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lion  and  the  Great  Falls  substation,  a  distance  of  ap- 
proximately 1500  ft. 

The  100  kv  .system,  shown  in  Fig.  58  is  known  as 
the  Montana  Power  System  and  is  fed  principally  by 
the  Rainbow,  Volta  and  Holter  plants.  The  Rainbow 
Plant  on  the  Missouri  River  operates  under  a  head  of 
112  ft.  It  was  completed  in  1910,  and  enlarged  in 
1916,  and  contains  six  4200  kw  horizontal  units  and  two 
5000  kw  units.  Power  is  stepped  up  to  no  kv  for 
transmission  to  the  laiye  mining  and  smelting  districts 
of  Butte  and  Anaconda  and  to  50  kv  for  transmission  to 
Hall,  Lewistown,  Sun  River  and  the  Choteau  District, 
supplying  light  and  power  to  many  small  communities 
and  the  coal  mines  of  the  Great  Northern  Railway  at 
Stockett  and  Lehigh. 

The  plant  at  Black  1 -^dc  Falls  operates  under  a 
head  of  44  ft.  with  a  capaci  >  of  1300  kw,  the  power  be- 
ing used  for  a  copper  redui  lion  works  and  the  furnish- 
ing of  energy  to  the  City  of  <lreat  Falls  for  the  lighting 


FIG.    55 — THE  46   KV   M.ADISON   RIVER    rOVVER    SYSTEM 

s — This   line   tics   these  plants   into  the   general   system  .it 

Montana  Street  Snlistation  in  Bnttc, 


the  Chicago,  i\lihvaukee  &  .St.  Paul  Railroad  are  marked 
by  the  letter  C  on  Fig.  58.  The  main  portion  of  the  100 
kv,  transmission  lines  supply  these  substations  at  Tose- 
I'hine,  Eustis,  Piedmont,  and  Morel,  and  is  also  used  at 
times  for  furnishing  power  to  the  railway  substations 
at  Ravenna,  Primrose,  Drexel  and  Avery,  although  nor- 
mally these  substations  are  supplied  with  power  from 
'j'hompson  Falls. 

The  generating  plant  at  Thompson  Falls,  operating 
under  a  head  of  50  feet  on  the  Clark  Branch  of  the 
Columbia  River,  was  completed  in  1916  and  has  a  ca- 
pacity of  30000  kw.  This  plant  primarily  takes  ca-^e  of 
the  Idaho  or  the  Coeur  d'Alene  mining  district. 

The  Holter  Plant  was  completed  in  1917  and 
operates  under  a  head  of  100  feet.  It  contains  four 
12  000  kv-a,  10  000  kw  vertical  shaft,  water  wheel  three- 
phase,  60  cycle,  6600  volts,  150  r.p.ni.  generators,  with 
four  16000  kv-a.  maximum  rated  O.  I.  W.  C.  indoor 
tvpe.  three-phase  transformers  stepping  up  from  6.6  to 
107  kv. 

The  Holter  plant  is  one  of  the  few  modern  hydro- 
electric stations  using  indoor  type  transformers  and  in- 
door switch  gear  for  100  kv  service.     Fig.  37  .shows  a 
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section  through  this  plant,  the  arrangement  of  which  is 
typical  for  such  an  installation.  The  leads  from  the 
generators  are  taken  through  the  generator  low-tension 
circuit  breakers  to  the  6.6  kv  bus  or  through  other  cir- 
cuit breakers  directly  to  the  low-tension  side  of  the  step 
up  transformers.  The  leads  from  the  high-tension  side 
of  the  transformers  are  taken  up  through  floor  open- 
ings, where  they  are  attached  between  insulators  and 
then  pass  through  choke  coils  and  disconnecting 
switches  to  the  high-tension  circuit  breakers  and  then 
to  the  bus.  From  the  bus  the  leads  pass  to  other  dis- 
connecting switches,  circuit  breakers  and  out  through 
roof  bushings.  A  grounding  switch  is  located  near 
these  bushings  for  grounding  the  high-tension  circuit'^. 
The  electrolytic  lightning  arresters  are  located  on  the 
roof  of  the  building. 


stations  at  \"olta  (Great  Fallsj  Rambow  and  Holter, 
and  the  general  scheme  for  the  relaymg  of  a  rmg  sys- 
tem such  as  this,  is  covered  by  Fig.  38,  page  267  of  the 
June  number  of  the  Journal.  As  pointed  out  in  con- 
nection with  the  description  accompanying  Fig.  38,  the 
setting  of  the  relays  is  such  as  to  facilitate  the  auto- 
matic sectionalizing  of  the  line  in  case  of  troubl*. 

As  far  as  the  relaying  is  concerned,  the  ring  sys- 
tem might  be  considered  as  starting  at  the  Volta  Plant 
passing  to  Two  Dot,  Loweth,  Josephine,  Eustis,  Pied- 
mont and  Janney,  all  of  these  being  substations  supply- 
ing power  to  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
road. The  ring  is  closed  through  the  substations  at 
Janney  and  Morel  which  are  also  substations  of  the 
r.iilway,  with  alternative  paths  back  to  the  Volta  sta- 
tion, one  path  passing  through  the  Holter  generating 
station,  the  other  returning  through  the  Anaconda  sub- 
station, the  Butte-Great  Falls  substation,  the  East 
Helena  substation,  and  the  Rainbow  generating  station. 


FIG.    56 — THE  64   KV    MISSOURI   RIVER   POWER   SYSTE.M 

/ — Tied  into  the  general  system  here  in  Butte. 

In  1916  the  Montana  Power  Co.,  had  15  plants  de- 
veloping 230  000  hp,  with  S64  miles  of  high-tension  line 
and  75  substations.  At  that  time  they  also  had  under 
way  the  Holter  Plant  rated  at  40000  kw,  which  added 
to  the  plant  then  in  operation,  made  a  total  of  211  450 
kw.  They  had  at  that  time  undeveloped  water  sites  ag- 
gregating 121 500  kw. 

The  proper  relaying  of  a  complicated  network  of 
transmission  lines  such  as  shown  in  Figs.  55,  56  and  58, 
has  been  treated  in  the  June  number  in  a  rather 
general  manner,  and  has  been  discussed  in  very  con- 
siderable detail  in  an  article  by  Mr.  L.  N.  Crichton.* 
The  main  100  000  volt  system,  shown  in  Fig.  58,  is  ar- 
ranged in  the  form  of  a  ring  with  the  main  generating 

*In  the  Journal,  \'o1,  XIII,  p.  339. 


FIG.    57 — CROSS-SECTION    THROUGH    GENER.\TOR   .\ND    SWITCHING 
ROOMS   OF  THE   HOLTER    POWER   ST.ATION 

The  relaying  of  the  system  is  considerably  complicated 
by  the  fact  that  the  46000  volt  system  from  the  Madison 
River  Division  ties  in  at  the  Madison  substation,  and 
the  65  800  volt  system  ties  in  at  the  Butte  substation. 

As  explained  in  connection  with  Fig.  43,  p.  268 
of  the  June  number,  the  selective  relaying  of  a  ring 
system  with  cross  connections  can  be  considerably  sim- 
]ilified  by  arranging  to  open  automatically  the  circuit 
breakers  in  the  cross  tie  connections  shown  in  Fig.  43 
at  the  letter  A.  To  carry  out  the  same  idea  on  the 
Alontana  Power  system,  the  cross  connecting  circuit 
from  the  Holter  plant  through  East  Helena  and 
Townsend  to  Josephine,  could  have  instantaneous  auto- 
nsatic  breakers  at  each  end  of  the  line  so  that  in  case 
of  a  system  short-circuit,  this  cross  connection  w^ould 
be  opened  automatically  if  it  were  carrying  more  than 
the  normal  energy  flow. 
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Tapped  off  from  the  main  ring  system  is  the  series 
of  substations  of  the  Milwaukee  Railroad  from  Avery 
through  East  Portal,  Drexel,  Tarkio,  Primrose,  Ravenna 
and  Gold  Creek  to  the  tie-in  point  on  the  Morel  line. 
Under  normal  operating  conditions,  this  portion  of  the 
system  is  fed  from  the  generating  station  at  Thompson 
Falls,  but  it  can  receive  energy  from  or  supply  energy 
to  the  main  portion  of  the  system  through  the  Morel 
line.  By  the  use  of  uni-directional  relays  in  connection 
with    the   oil   breakers   at   Drexel,    Primrose   and   Gold 


Butte  substation  will  separate  the  two  systems  in  case 
of  very  serious  trouble  on  one  of  them,  so  that  the 
other  will  not  be  affected.  The  main  generating  sta- 
tions on  the  Missouri  River  65  000  volt  system  are  at 
Canyon  Ferry  and  Hauser  Lake,  but  the  entire  65  000 
volt  system  can  be  fed  through  the  Butte  station  from 
the  100  000  volt  Montana  Power  system. 

Fig.  55,  which  shows  the  46  000  volt  Madison  River 
system,  is  considerably  simpler  than  either  of  the 
others,  but  it  is  evident  that  the  proper  selection  of  re- 


lOOOOO   VOLT  Uf*££  AftC  .OXiW 

X  eOLiD 

OTMC/r  WVLMft^   Alt£  ^HO^^I'*    O 

OTT£D 

-Q-           0..     ^..rc-     C.O^CO 

-0-       /f«r  a»/—    SwtrcM  Cl 

>aiD 

-S-^<3>"'-c'<£«   On" 

It       T^/*f*a^o»r^i.n   Oj^mh 

■K^^tr  ruac  in  -(r^h  rux  Oo 

r 

{            ««~  7.~J-0~  Jr»c~-t 

"""» 

KIO.  58 — THE  100  KV  MONTANA  POWER  SYSTEM 

I — The  65  000  volt  system  ties  in  here. 
2 — The  46000  volt  system  ties  in  here. 


Creek,  and  the  use  of  proper  time  settings  on  these  re- 
lays, provision  can  be  made  for  cutting  out  any  section 
of  the  line  that  may  be  in  trouble. 

In  connection  with  Fig.  56,  showing  the  65  000  volt 
Missouri  River  system,  the  proper  selection  of  the  types 
cf  relays,  and  their  proper  time  setting,  greatly  facili- 
tates the  automatic  cutting  out  of  any  section  of  the 
line  that  is  giving  trouble.  This  65  COO  volt  system  ties 
iu  at  Butte  through  suitable  transformers  to  the  100  000 
volt  Montana  Power  system,  and  suitable  relays  at  the 


lays  will  have  a  great  deal  to  do  with  the  satisfactory 
operation  of  the  system. 

Consideration  of  the  various  features  brought  out 
in  the  June  number  of  the  Journal,  will  show  where 
overload  relays,  reverse  power  relays,  cross-connected 
relays,  etc.  can  be  employed  to  the  best  advantage. 
The  actual  relaying  arrangement  on  the  systems  of  the 
]Montana  Power  Company,  does  not  exactly  correspond 
with  the  schemes  outlined  in  the  June  number,  al- 
though many  of  the  features  mentioned  are  utilized. 


Ebctrlcal  Charactorlsti 


Q^ 


Comparison  of  yario'ts  ?/(*oii-io<ls  (ConeL) 


WM.  NESBIT 


MIDDLE  CONDENSER  OR  NOMINAL  T  METHOD 

Tins  METHOD  assumes  that  the  total  capaci- 
tance of  the  circuit  may  be  concentrated  at  its 
middle  point.  In  such  a  case  the  entire  charging 
current  would  flow  over  half  of  the  circuit.  The  re- 
sistance and  the  reactance  on  each  side  of  the  capaci- 
tance or  condenser  is  equal  respectively  to  half  the  total 
conductor  resistance  and  conductor  reactance. 

From  an  inspection  of  the  diagram  of  such  a  cir- 
cuit, Fig.  56,  it  is  evident  that  two  calculations  will  be 
required.  Sbirting  with  the  known  receiving-end  con- 
ditions, the  conditions  at  the  middle  of  the  circuit  are 
first  calculated  by  the  simple  impedance  method.  To 
these  calculated  results  the  current  consumed  by  the 
condenser  shunted  across  the  middle  of  the  circuit  must 
be  vectorially  added.  This  will  give  the  load  condition 
at  the  middle  of  the  circuit  from  which  the  sending-end 
conditions  may  be  calculated. 

Solution  by  Impedance  Method — The  diagram  of 

connections    and    the    corresponding    graphical    vector 

solution  for  problem  X  by  the  nominal  T  method  is 

indicated  by  Fig.  56.     The  electrical  conditions  at  the 

middle  of  the  circuit  may  be  determined  as  follows: — 

7? 

99.92  X  52.5  =  5246  volts   (resislaitcc  drop) 


In- 


/«^: 


E„„     = 


99.92  X  124.5  ^  12440  volts  (reactance  drop) 

1 '  (60  046  X  o.Q  +  5246)  -  +  (60  046  X  0.4.159  +  I  2  4  'O)  = 
70  753  /'33''  04'  36"  to  current  vector  OD 

to  vector  of  reference  OR 


—  70753  /7°  14'  05" 
The    current    consumed    by    the    condenser    (zero 
leakage  assumed)  leads  the  voltage  OM  at  the  middle 
of  the  circuit  by  90  degrees  and  is : — 

/,.  =  0.001563   X   70753  =   IIO.5S7  iniipcrr.: 

The  voltage   consumed  by  the   condenser   current 
flowing  back  to  the  sending-end  is : — 

=     5806  volts   (resistance  drop)- 


X  124.5  =  13  768  volts  (reactance  drop) 


The  voltage  vector  OC  upon  which  the  impedance 
triangle  corresponding  to  the   receiving-end   load  cur- 
rent /r  =  /l  flowing  over  the  sending-end  half  of  the 
circuit  is  constructed,  may  be  found  as  follows : — 
OC  =  1'  (70  753  —  13  768)=  +  5806= 

=  57280  /5°  49'  03"  volts  to  vector  OM 

=  57  280  /l3°  03'  08"  volts  to  vector  of  reference  OR 

The  voltage  OC  leads  the  receiving-end  current 
OD  by  the  angle  33°  04'  36"  +  5°  49'  03"  =  38°  53'  39" 
which  angle  corresponds  to  a  power-factor  of  77.831 


/c 

R_ 

= 

1 10.5S7 

X 

= 

FC 

Ic 

X_ 

= 

■  110.587 

X 

percent.     The  voltage  at  the  sending-end  will  therefore 
be:— 
£s„  = 


1     (572S0   ,    o.;;S3 
=  69467  /44°IO 


'  volts  to  vector  OD 


=  69467  /i8°  19'  43"  volts  to  vector  of  reference  OR 
If  desired,  the  receiving-end  current  and  the  con- 
denser current  may  be  combined  and  the  corresponding 
impedance  triangle  for  the  sending-end  half  of  the  cir- 
cuit constructed  on  the  end  of  vector  OM  as  indicated 
by  the  dotted  lines. 

The  current  at  the  sending-end  may  be  determined 
as  follows : — 


OB  =  99.92  cos  33°  04' 

BD  =  99.92  sin  33°  04' 

BN  =  iro.587  —  54.532 

h  =  ON 


36"  =  83.727  amperes. 
36"  =  54-532  amperes. 
=  56.055  amperes. 


=  V  (83.727)'  -f  (56.055)= 

=  100.76  /33°  48'  06"  amperes  to  vector  OB. 

=  100.76    /ai"  02'    11"  amperes  to  vector  of 

reference  OR. 

The  current  at  the  sending-end  leads  the  voltage  at 

the  sending-end  by  the  angle  41°  02'  11"  —  18°  19'  43" 

=  22°  42'  28",  which  corresponds  to  a  power-factor  at 

the  sending-end  of  92.25  percent  leading. 

The  power  at  the  sending-end  is : — 
AV-ffsn  =:  100.76  X  69467  =  7000  kv-a. 
Kzvsn     =  7000      X  0.9225  =  6457   '■;"'■ 

L0SS„      =:   6457        —     5400        =    1057     /.-tf. 

Solution  by  Complex  Quantities — From  table  Q 
(Aug.  '20,  p.  352)  the  auxiliary  constants  correspond- 
ing to  the  nominal  T  method  of  solution  are  found  as 
follows : — 

XB 


h  = 

I   — 

0.S05  406  5 

,,  _ 

RB 

0.082  057  5 

>i  = 

R  - 

RXB 

=  84.5677 

lu  =  X  —  •— (.V=  —  R'-)  =  229.081 

c,  =  0 

c~.  ^=  B  ^  o.ooi  563 

The  voltage  at  the  sending-end  is  obtained jis  fol- 
lows : — 

/r  (cos  Or  —  j  sin  Or)  =  89.028  —  y 43.554 

X   (hi  +  jbz)  =  17582  -I-  ;i69i8 
-f£r..  (Oi  -I-  ;•  0=)  =  48361  -I-  ;4927 

Es„  =  65  943  +  J  21  845 

=  69467  /i8°  19'  43" 
The  current  at  the  sending-end  may  be  calculated 
as  follows: — 

/b  (cos  Br  —  /  sin  0u)  =  89.928  —  /  43.554 

X  (ai  +  jck)   =  76.0026  —  ;■  27.6994 

-t-    £rn     (C,    +    JC,)     =  O  +    y  938519 


=  76.0026  4-  766.1525 

=  100.76  /4i°  02'  11"  amperes 
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The  above  results  check  with  those  previously  ob- 
tained by  impedance  calculations.  This  agreement  in- 
dicates that  the  nominal  T  solution  may,  if  desired,  be 
made  by  complex  quantities,  assuming  values  for  the 
auxiliary  constants  as  indicated  in  Table  Q. 

Convergent  Series  Expression — Table  Q  indicates 
ihnt  the  nominal  T  solution  is  equivalent  to  using  the 
following  values  for  the  auxiliary  constants  in  the  con- 
vergent series  form  of  solution : — 

ZY 


«.=.(, 


-1^- 


) 


C  =  V 

Comparing  the  above  expressions  frir  the  auxiliary 
constants  with  the  complete  expression  yielding  rigor- 
ous values  the  following  diiiference  may  be  noted. 

For  auxiliary  constant  .  /'  the  first  two  terms  in  the 
complete  series  for  the  hyperbolic  cosine  are  used  and 


ex])ressions    check    exactl\-    with    those    as    determined 
above  from  the  equations  in  Table  Q. 

TIIKEt;  CONDENSER  METHOD 

This  method  (proposed  by  Dr.  Chas.  P.  Steinmetz) 
a.ssumes  that  the  admittance  of  the  circuit  may  be 
lumped  or  concentrated  across  the  circuit  at  three 
points,  one-sixth  being  localized  at  each  end  and 
two-thirds  at  the  middle  of  the  circuit.  This  is  equiva- 
lent to  assuming  that  the  electrical  quantities  are  dis- 
tributed along  the  circuit  in  a  manner  represented  by 
the  arc  of  a  parabola.  It  is  evident  that  this  method 
more  nearly  approaches  the  actual  distribution  of  the 
impedance  and  the  admittance  of  the  circuit  than  any 
of  the  three  previously  described  localized  admittance 
methods,  and  therefore  yields  more  accurate  results. 

From  an  inspection  of  the  diagram  of  such  a  cir- 
cuit, Fig.  ^j,  it  will  he  evident  that  it  is  necessary  to 
calculate  the  performance  of  the  two  halves  of  the  cir- 


PROBLEM      X 
KV-Arn  =     6,000  KVA         E„^  =  60,046  VOLTS 
KWrn  -    6,400  KW  PFr  =  80%  LAGGING 

.  89.92  AMPERES       F  =  60  CVCLES 


LINEAR    CONSTANTS 
R  =  106  OHMS 
X  =  249  OHMS 
B  =  0.001663  MHO 
G  =  0  (SOTHAT  Y  =  B) 


RESULTS  CALCULATED  BY 


RIGOROUS  SOLUTION 

MIDDLE 

CONDENSER 

METHOD 

%  ERROR 

Es|M=  70,662  VOLTS 

ls=  94.75  AMPS. 
PFs=  +  .93,42% 
LOSSn=  666  KW 

69,467  VOLTS 
100.76  AMPS. 
*  92.26% 
1067  KW 

-  1.68% 
+  6.34% 

-  L26% 
4-  23.63% 

Ipi  =  12,440  VOLTS 
§  =  6246  VOLTS 


Ijji  =  I  2,440  VOLTS 


Icf    "  '^06  VOLTS 
IC  2    =  13,768  VOLTS 


56 — NOMIN.NL  T  OR   MIDPI.E  CONPENSER    METHOD 


.■11  terms  beyond  omitted.  For  auxiliary  constant  B' 
Ihe  first  two  terms  of  the  complete  series  are  also  used 
except  that  the  coefficient  of  the  second  term  is  given 
as  34  >  whereas  in  the  comjjlete  series  it  is  i/6.  Auxi- 
liary constant  C  is  equivalent  to  the  first  term  only  of 
the  complete  exjjression. 

We  will  now  show  that  the  above  expressions  yield 
the  same  values  for  the  auxiliary  constants  as  given  in 
Table  Q.     From  Chart  XI  the  following  values  corre- 
sponding to  problem  X  are  taken : — 
Z  =        105  +  ;249 

z  y  ^  —  0.389  is-  -f  y 0.164 115 

'I  lure  fore /I'  =         l.OOOooo 

0.1945035  -f  ;•  0,0  820  575 


cuit  in  order  to  arrive  at  the  sending-end  voltage  and 
an  additional  calculation  will  be  required  to  determine 
the  sending-end  current,  [lower  and  power-factor. 

Solution  by  Impedance  Method — The  diagram  of 
connections  and  corresponding  graphical  vector  solu- 
tion for  problem  A'  by  the  three  condenser  method  is 
mdicated  by  Fig.  57.  The  charging  current  consumed 
by  the  condenser  (zero  leakage  assumed)  at  the  re- 
ceiving-end leads  the  receiving-end  voltage  by  90  de- 
grees and  is: — 
0.00 1  563 


/.r     = 


X  60046  =  15.642  (inificrcs 


A' 
B' 

=  +  0.80540(^5  +  >  0.0  820  575 

=            I.OOOOOO 

—  0.09729675  +  y  0.04 102  875 

=  z  (0.90270325  +  y  0.04 102875) 

B'    r=  S4.5677  -(-  y  229.0S1 

c  =     o  -)-  y  0.00 1 563 

Thus  the  values  for  the  auxiliary  constants  as  de- 
termined   by    the    above    incomplete    convergent    series 


The  current  per  conductor  for  tlie  receiving-end 
half  of  the  circuit  is: — 

/.  =  V    (99-92  X  0.9)=  -I-  (99.92  X  0.4359  —  15-642)' 
=  94.16  \  17°  14'  38"  amperes 
PF,  =  Cos  \i7°  14'  38"  =  95.505  lagging 

The  voltage  consumed  by  the  resistance  and  the 
reactance  per  conductor  between  the  receiving-end  and 
the  middle  of  the  circuit  is: — 
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/,.  —  =  94.16   X   5^-5  =  49-43-4   ^'olls 
X 


(  rcstslanc 


drop  ) 


I,- -— =  94.16   X    1^4-5    =  117^3  I'olts   (rcailaiiiC  drop) 

The  voltage  at  the  middle  of  the  circuit  is  from 
(30)  :- 

Emn   =    1      (t.0046       0.115  50.;  +  4./),-..l)-'  +  (6i04'i  X  P.-H16U  +  n  72,vl'-' 

^  68933  /25°  21'  33"  volts  to  current  vector  OP 
=  f>8  933  /8°  06'  55"  volts  to  vector  of  reference  OR 
The  charging  current  consumed  b)'  the  condenser 
(zero  leakage  assumed)    at   the  middle   of   the   circuit 
leads  the  voltage  at  the  middle  of  the  circuit  by  90  de- 
grees and  is: — 


0.00  [  56? 
/.-...  = -^-  X68  933 


7I.8j8  II  III  per 


The  current  at  the  sending-end  of  the  circuit  may 
-e  determined  as  follows : — 

OS  =  Cos  10"  19'  07"  X  90.73  =  89.2624 
I'S  =  Sin  10°  19'  07"  X  90.73  =  16.2516 
XS  =  16.2516  +  18.3777  =  34.6293  amperes. 
h  =  V  89.2624=  +  34.6293= 

=  95-744   /si"   12'    13"  to  voltage  vector  OS. 

=  95-744  '        '''"to  vector  of  reference  OR. 

A'i--o,„  =  95-744  ''755  kv-a 

PFs  =  Cos  (39     iiN    5I)    —  18°  06'  43") 

=^  Cos  21°  12'  13"  =  93-23  percent  leading 
K'c'^n  =  6755  X  O-9323  =  6298  kvj 
Lossn  =  6298  —  5400  ^  898  /eif 
5400  X  100 
Eff.  = g— s =  85.75  percent- 

Solution   by   Complex  Quantities — From  Table  Q 
the  auxiliary  constants  corresponding  to  the  three  con- 


Tlie  current  per  conductor  for  the  sending-end  half     clenser  method  of  solution  are  found  to  be : 
of  the  circuit  may  be  determined  as  follows: — 
OT  ^^  Cos  25°  21'  3i"  X  94- 16  =  85.0867  ampere. 

PROBLEM  "X" 
KV-Aln=  6.000  KV-A        Ern=  60,046  VOLTS 
KWln=  6.400  KW  PFl=  90  *  LAGGING 

l|_  =  99.92  AMPERES    F=  60  CYCLES 


RIGOROUS  SOLUTION 

THREE 

CONDENSER 

METHOD 

%  ERROR 

EsN=  70,662  VOLTS 

70,548VOLTS 

-0.16% 

15=  94  75  AMPS. 

95.744  AMPS. 

+  1.06% 

PF3=  *  93.42% 

-1-  93.23% 

-0.21% 

LOSSn=666KW 

898  KW 

+  5.03% 

-UK.    CH.\S-    I',    STKINMETZS   THREE   CONDENSER    METHOD 


TP  =:  Sin  25°  21'  33"  X  94.16  =  40.327S  amperes. 
TV  =  71.828  —  40.3278  =  31.5002  amperes. 
/,„  =  V  85.0867'  -f-  31.5002-' 

=  9'^-73  /20°  18'  55"  amperes  to  voltage  vector  OM  at 


RB       RXB' 


m  iddle. 
^=  90-73  /28°  25'  50"  to  vector  of  refercii, 


OR 


The  voltage  consumed  by  the  resistance  and  the  re- 
actance per  conductor  between  the  middle  and  sending- 
end  of  the  circuit  is : — 

/.„--     X  90.73  X  52.5  =  4763.3  ''■■"Its  (resistance  drop) 
/..,  -^      X  90-73  X  124.5  =  ir  206  volts  (reactance  drop) 

The  voltage  at  the  sending-end  from  (40)  is : — 

£.n   =    1-    (6S9.y  >   o.9.-;77s  +  rb.-?..^)-  +  (68  c,.v,  >   o..!47Hi  -  u  2<inr- 

=  70548  \io°  19'  07"  volts  to  current  vector  OV 

=  70  548   /i8°  06'  43"  volts  to  vector  of  reference  OR 

The  charging  current  consumed  by  the  condenser 
(zero  leakage  assumed)  at  the  sending-end  of  the  cir- 
cuit leads  the  voltage  at  the  sending-end  by  90  degrees 
and  is : — 

0.001563 

/c.  =   F^ X  70548  =  18.3777  amperes. 


Ch 


b,  =  R 
Ih  =  X 

c,  =  — 


RXB 
3 


=  0.0785091 
91-3785 


(-V--  -R')  =  235.7208 
,f^      —  —  0.0000347 


SRB-         RXB' 
36       +     '"'' 


5  XB'  «' 
+  "TTTT  (A-  —  A'-)  =4-  0.0014794 


'=  -  "  -       36       "    216 
These   values    for   the   auxiliary    constants   are    in 
close  agreement  with  the  rigorous  values. 

/r.   (Cos  Ol  —  j  Sin  Oi.)    X    (''I  -f  jb:) 
=  18484  -r  ;'  17218 
£,0   (a,    -f-   /  a,)  =  48  569  -I-  ;•  4714 


E,„  =  67  053  -I-  ;■  21  932 

=  70548  /i8°  06'  43"  volts 

The  current  at  the  sending-end  is: — 

A.  (Cos  Hi.  —  j  Sin  01.)  X   (oi  -I-  y  a.) 
=       76.159  —  ;■  28.170 

E,„  (c,  -1-  y  G)  =  -  2.084  -h  y  88.832 


/,  =      74-075  -I-  y  60.662 

=      95-744   /39°  18'   56"  amperes 

I>v    comparing   these    results    with    those   obtained 
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CHART  XXII— COMPARISON   OF  RESULTS  BY  VARIOUS  METHODS 
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*It  would  he  conimercially  impractical  to  transmit  such  small  amounts  of  power  some  of  the  extreme  dis- 
tances indicated  by  the  tabulation.  The  problems  are  stated  simply  for  the  purpose  of  illustrating  in  an  approxi- 
mate manner  t4ie  effect  distance  of  transmission  has  upon  the  voltage  drop  as  calculated  by  various  methods. 
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by  the  impedance  method  of  procedure,  it  will  be  seen 
that  they  are  in  exact  agreement. 

Convergent  Series  Expression — Dr.  F.  E.  Pernot 
in  "Electrical  Phenomena  in  Parallel  Conductors,"  Vol. 
I,  shows  that  the  above  described  three  condenser  solu- 
tion is  equivalent  to  using  the  following  values  for  the 
auxiliary  constants  in  the  convergent  series  form  of 
solution : — 

,,         /  ZY         Z'  )-=| 

■'^'=('  +  -.-^  +  ^36-) 

B'  =Z[,+^) 


y{ 


i'  1  + 


36 


r  y- 


Comparing  the  above  expressions  for  the  auxiliary 
constants  with  the  complete  expressions  yielding  rigor- 
ous values,  the  following  differences  may  be  noted. 
Eor  constant  A'  the  first  two  terms  are  the  same  as  in 
the  complete  series,  but  the  third  term  is  less  than  in 
the  complete  series,  and  all  terms  beyond  the  third  are 
omitted.  For  constant  B'  the  first  two  terms  are  the 
same  as  in  the  complete  series,  but  all  terms  beyond  the 
second  are  omitted.  For  constant  C  both  the  ZY  and 
the  Z^  Y^  terms  are  smaller  than  in  the  complete  series 
and  all  terms  beyond  the  third  are  omitted. 

The  above  expressions  yield  the  same  values  for 
the  auxiliary  constants  as  given  in  Table  O.  Thus 
from  chart  XI,  the  following  values  corresponding  to 
problem  X  are  taken: — 


ZY 


Z-  Y-  =  -\-  0.124532 
Therefore 
A' 


0.389187  +  /  0.164115 

y  0.127742 


=      1.000000 

—  0-104593  +  y  0.0820575 
0.003459  —  y  0.0035484 

:=  0.808866  +  y  0.0785091 
=   1.000000 

—  0.0648645  +  y  0.0273525 

z  (0.935135s  +  y  0.0273525) 

=  91-3785  +  i  235.7208 
^   1.000000 

—  0.0540538  f  /  0.0227938 
+  0.0005765  —  y  0.0005914 


]-'  (0.Q465227  4-  y  0.0222024) 
c'  =  —  0.0000347  +  y  0.0014794 

It  will  be  seen  that  the  above  convergent  series  ex- 
pression for  the  auxiliary  constants  check  exactly  with 
those  as  determined  by  the  equations  in  Table  O. 

COMPARATIVE   ACCURACY    OF   VARIOUS    METHODS 

In  order  to  determine  the  inherent  error  in  various 
methods  of  solution,  when  applied  to  circuits  of  in- 
creasing length;  also  for  frequencies  of  both  25  and 
60  cycles,  64  problems  v/ere  solved.  These  problems 
embrace  thirty-two  25  cycle  circuits,  varying  in  length 
from  20  to  500  miles  and  in  voltage  from  10  000  to 
200000  volts.  Fixed  receiving-end  load  conditions 
were  assumed  for  unity,  and  also  for  80  percent  power- 
factor  lagging.  These  same  problems  were  also  solved 
for  a  frequency  of  60  cycles. 

These  64  problems  with  corresponding  linear  con- 
stants and  assumed  load  conditions  are  stated  on  Chart 


XXll.  This  is  followed  by  columns  in  which  have 
been  tabulated  the  error  in  voltage  at  the  sending-end 
of  these  circuits  as  determined  by  nine  dilterent 
methods.  The  errors  are  expressed  in  percent  of  re- 
ceiving-end voltage.  Obviously  the  inherent  error 
corresponding  to  various  methods  will  vary  widely  for 
conductors  of  various  resistances  and  to  some  extent 
for  different  receiving-end  loads.  The  tabulated  values 
;>hould  therefore  be  looked  upon  as  comparative  rather 
than  absolute  for  all  conditions. 

Rigorous  Solution—The.  column  headed  "Rigorous 
Solution"  contains  values  for  the  sending-end  voltage 
v.'hich  are  believed  to  be  exact.  These  values  were  ob- 
tained by  calculating  values  for  the  auxiliary  constants 
by  means  of  convergent  series  and  then  calculating  the 
performance  mathematically.  The  calculations  were 
carried  out  to  include  the  sixth  place  and  terms  in  con- 
vergent series  were  used  out  to  the  point  where  they 
did  not  influence  the  results. 

The  first  values  calculated  were  checked  by  a 
second  set  of  values  calculated  independently  at  an- 
other time  and  where  differences  were  found  the  cor- 
rect values  were  determined  and  substituted.  This 
corrected  list  of  values  was  again  checked  by  a  third 
independent  calculation.  It  is  therefore  believed  that 
the  values  contained  in  this  column  are  exact,  repre- 
senting 100  percent. 

Semi-Graphical  Sohition — The  next  column  con- 
tains the  error  in  the  results  as  derived  by  the  combi- 
nation of  an  exact  mathematical  solution  for  the 
auxiliary  constants  and  a  graphical  solution  from  there 
on.  This  combination  gave  results  in  which  the  maxi- 
m.um  error  does  not  exceed  eight  one  hundredths  of  one 
percent  of  receiving-end  voltage  for  either  frequency. 
In  other  words,  since  the  values  for  the  auxiliary  con- 
stants used  in  this  method  were  exact,  the  maximum 
error  of  eight  one  hundredths  of  one  percent  occurs  in 
the  construction  and  reading  of  the  graphical  construc- 
tions. 

Complete  Graphical  Solution — This  solution  em- 
ploys Wilkinson's  charts  for  obtaining  graphically  the 
auxiliary  constants,  the  remainder  of  the  solution  being 
also  made  graphically  as  previously  described.  "It  will 
be  seen  that  the  maximum  error  as  obtained  by  this 
complete  graphical  solution  is  seven  hundredths  of  one 
percent  for  the  25  cycle  and  twenty-five  hundredths 
cf  one  percent  for  the  60  cycle  circuits.  These  errors 
represent  the  combined  result  of  various  errors.  First 
there  is  a  slight  fundamental  error  in  the  basis  upon 
which  the  Wilkinson  Charts  are  constructed  when 
used  for  circuits  employing  conductors  of  various  sizes 
?nd  spacings,  the  Introduction  of  this  error  making 
possible  the  simplification  attained.  Then  there  is  the  in- 
herent limitation  of  precision  obtainable  in  the  construc- 
ton  and  reading  of  the  charts  and  vector  diagrams. 

These  results  show  that  the  inherent  accuracy  of 
this  simplified,  all  graphical  solution  is  sufficiently  ac- 
curate for  all  practical  power  circuits  up  to  300  miles 
long. 
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Dxvight's  "K"  Formulas — The  high  degree  of  ac- 
curacy resulting  by  the  use  of  H.  B.  Dwight's  "K" 
formulas  should  be  noted.  This  error  is  a  maximum 
of  eleven  hundredths  of  one  percent  for  these  32 
twenty-five  cycle  problems.  The  statement  is  therefore 
justified  that  these  "K"  formulas  are  sufficiently  accur- 
ate for  all  25  cycle  power  circuits. 

For  the  60  cycle  problems  the  maximum  error  by 
the  "K"  formulas  for  problems  up  to  and  including  200 
miles  is  one-fourth  of  one  percent  of  receiving-end  volt- 
age. For  300  mile  circuits  this  error  is  one-hali  of  one 
l)ercent  and  increases  rapidly  as  the  circuit  exceeds  300 
miles  in  length.  The  accuracy  of  the  "K"  formulas  for 
60  cycle  circuits  is  therefore  well  within  that  of  the 
assumed  values  of  the  linear  constants  for  circuits  up 
to  approximately  300  miles  in  length. 

The  "K"  formulas  are  based  upon  the  hyperbolic 
formula  expressed  in  the  form  of  convergent  series. 
In  the  development  of  these  formulas,  use  was  made  of 
the  fact  that  the  capacitance  multiplied  by  the  reactance 
of  non-magnetic  transmission  conductors  is  a  constant 
quantity  to  a  fairly  close  approximation.  This  assump- 
tion has  enabled  the  "K"  formulas  to  be  expressed  in 
comparatively  simple  algebraic  form  without  the  use 
of  complex  numbers.  To  those  not  familiar  or  not  in 
position  to  make  themselves  familiar  with  the  operation 
of  complex  numbers,  such  as  is  used  in  the  convergent 


scries  or  hyperbolic  treatments,  the  availability  of  the 
Dwight  "K"  formulas  will  be  apparent.* 

Localized  Capacitance  Methods — The  next  four 
columns  contain  values  indicating  the  error  in  results 
as  determined  by  the  four  different  localized  capaci- 
tance methods  previously  described  in  detail.  It  is  in- 
teresting to  note  the  high  degree  of  accuracy  inherent 
in  Dr.  Steinmetz's  three  condenser  method.  It  is  also 
interesting  to  note  that  three  of  these  methods  over 
compensate  (that  is,  give  receiving-end  voltages  too 
low)  and  one  (the  split  condenser  method)  give!;  under 
compensation. 

hnpedance  Method — The  values  of  the  sending-end 
voltage  as  obtained  by  the  impedance  method  (which 
takes  no  account  of  capacitance)  are  always  too  high 
when  applied  to  circuits  containing  capacitance.  The 
results  by  this  method  are  included  here  simply  to  serve 
as  an  indication  of  how  great  is  the  error  for  this 
method  w^hen  applied  to  circuits  of  various  lengths  and 
frequencies  of  25  and  60  cycles.  Some  engineers  pre- 
fer to  use  this  method  for  circuits  of  fair  length  and 
allow  for  the  error.  These  tabulations  will  give  an 
approximation  of  the  necessary  allowance  to  be  made. 


*Thcse  have  been  iiichidcd  with  much  other  vahialile  ma- 
terial in  "Transmission  Line  Formulas"  by  H.  B.  Dwight,  piib- 
li>hc(l  I1V  I).  Van  \ostrand  Co.  of  New  York  City. 
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Till'.  .\ri 'LI CATION  of  direct-current  motors  to  i)urposes  also  are  loaded  intermittently,  but  the  load 
cranes  and  hoists  has  become  an  important  during  the  working  part  of  the  cycle  is  more  constant 
branch    of    electrical    engineering,    demanding   a 


considerable  proportion  of  the  direct-current  motors 
manufactured.  The  outstanding  characteristic  of  this 
service  is  the  fluctuating  character  of  the  load.  For  a 
>hort  time  while  lifting,  the  hoist  motor  is  heavily 
loaded.  Ftjllowing  this  is  a  period  of  rest;  then  conies 
a  period  of  light  load  w'hile  lowering.  To  complete  the 
cycle,  the  hook  must  be  raised,  the  crane  brought  back 
to  position  and  the  hook  lowered  ready  for  another 
load.  If  the  load  on  the  hook  is  moderate,  the  weight 
may  not  be  sufficient  to  overcome  the  friction  of  the 
gearing,  and  a  small  load  may  be  imposed  ujion  the 
motor  while  lowering.  However,  if  the  load  is  heavy, 
the  weight  may  more  than  counter-balance  the  friction 
and  it  will  be  necessary  to  use  some  method  of  braking 
in  order  to  limit  the  speed.  When  dynamic  braking 
i-~  used,  the  motor  delivers  electrical  energy  and  is 
heated  in  the  same  manner  as  in  normal  operation. 
The  speed  is  usually  high  while  lowering  and  the  time 
somewhat  shorter  than  when  hoisting. 

Motors  for  bridge  or  trolley  work  or  for  similar 


than  with  the  hoist  motor  and  the  peak  values  are  re- 
latively not  as  high.  The  dead  weight  of  the  crane  is 
;  large  part  of  the  total  weight,  so  the  load  on  the  motor 
('oes  not  diflfer  greatly  with  the  hook  loaded  or  empty. 
The  maximum  values  occur  on  starting,  when  the  load 
has  to  be  accelerated  and  the  static  friction  overcome. 

As  varying  speed  motors  are  satisfactory  for  such 
service,  the  advantages  of  series  motors  can  be  secured. 
The  ruggedness  and  simplicity  of  series  motors  are 
well  known.  For  hoisting  work,  they  have  the  further 
advantage  that  they  are  smaller  than  a  constant  speed 
motor  built  for  the  same  average  load.  This  is  a  result 
of  their  speed  being  high  under  light  load  and  low  under 
heavy  load. 

On  account  of  the  location,  the  mainlenance  of 
crane  motors  is  usually  more  difficult  than  that  of 
general  .sendee  motors.  The  maintenance  of  the  com- 
mutator and  brushes  is  usuallv  a  considerable  item  in 
the  expense  of  repairs.  The  way  to  reduce  this  ex- 
pense is  to  design  the  motor  so  that  good  commutation 
will  be  obtained  under  all  conditions. 


November,  1920 


THE  ELECTRIC  JOURNAL 


533 


An  important  requ-i renient  of  motors  for  tliis  class 
of  service  is  that  they  be  rugged  mechanically.  The 
motors  do  not  have  a  solid  foundation  and  are  subject 
to  considerable  vibration  from  the  connected  gearing. 
Also  there  are  sudden  shocks  from  plugging,  peak  loads 
and  the  application  of  brakes. 

Enclosed  motors  are  commonly  used  in  crane  and 
hoist  work.  There  are  locations  where  the  dust  is  ex- 
cessive and  the  utmost  reliability  is  required.  Enclosed 
motors  are  of  course  desirable  under  such  conditions. 
In  some  locations  the  motor  may  be  so  exposed  to 
dampness  that  it  is  preferably  made  enclosed.  How- 
ever, in  a  large  majority  of  applications  in  machine 
shop,  foundries  and  similar  locations,  motors  that  are 
merely  drip-proof  should  be  satisfactory.  In  the  case 
of  cranes  which  operate  out  doors,  sufficient  protection 
is  often  provided  to  make  drip-proof  motors  satisfac- 
tory. 
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FIG.    I — COMPARISON    OF   TEMPERATURE    RISE   OF    ENCLOSED    AND 
VENTILATED   MOTORS 

It  is  not  necessary  to  enclose  a  motor  totally  to 
make  it  drip-proof;  hence,  a  certain  amount  of  ventila- 
tion can  be  arranged  for.  The  ventilated  motor  has 
some  advantage  in  weight  over  the  totally  enclosed 
motor  where  it  is  in  use  for  hours  at  a  time.  This  ac- 
counts for  the  use  of  ventilated  motors  in  modern  rail- 
way work.  The  advantages  of  ventilated  motors  can 
be  realized  in  most  crane  applications  also,  as  their 
greater  compactness  is  an  important  factor.  A  com- 
parison of  enclosed  and  ventilated  motors  with  regard 
to  heating  and  efficiency  is  given  in  the  following  para- 
graphs. 

HEATING  OF  VENTILATED  AND  ENCLOSED  MOTORS 

The  motor  temperature  rise  is  determined  by 
several  factors: — the  initial  thermal  conditions,  the  heat 
generated  in  the  machine,  the  thermal  capacity  of  the 
material  and  the  ability  to  dissipate  heat.  The  heat 
generated  is  equal  to  the  losses  in  the  machine  and  is 
subject  to  variation  with  the  load.  The  heat  absorption 
is  a  function  of  the  temperature  rise,  the  weight  and 


the  kind  of  material,  of  which  the  copper  and  the  iron 
are  the  most  important.  The  heat  dissipation  depends 
mainly  upon  the  amount  and  character  of  the  surface 
exposed,  the  volume  of  air  circulated  through  the  ma- 
chine or  around  it,  and  the  temperature  rise  above  the 
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FIG.    2 — COOLING   CURVES   AT  SPEEDS   CORRESPONDING  TO 
CONTINUOUS    RATING 

In  the  case  of  a  motor  operating  for  a  considerable 
period  at  a  constant  load,  heat  storage  is  not  an  im- 
portant factor.  When  the  load  is  continually  fluctuat- 
ing or  the  operation  intermittent,  much  depends  upon 
the  ability  of  the  material  to  absorb  the  surplus  heat  at 
overloads,  when  the  losses  are  greater  than  can  be 
carried  away,  and  to  dissipate  them  at  light  loads  or 
during  periods  of  rest.  This  storage  capacity  of  the 
material  retards  the  rise  in  temperature  and  makes  it 
possible  to  carry  heavy  loads  of  short  duration  without 
excessive  temperatures.  It  is  very  important,  how- 
ever, that  the  heavy  loads  be  followed  by  periods 
of  light  load  or  rest,  so  that  the  surplus  heat  be  dissi- 
pated and  the  temperature  reduced  to  the  initial  value 
before  the  start  of  another  overload.  If  this  condition 
is  not  obtained  in  each  cycle,  the  result  will  be  a  gradual 
accumulation  of  heat  in  the  machine  and  destructive 
temperatures. 

The  advantage  of  the  ventilated  motor  is  its  ability 
to  get  rid  of  more  heat  than  an  enclosed  motor  of  the 
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FIG.    3 — TIME   VARIOUS    LOADS    CAN    BE   CARRIED    FOR    A    CERTAIN 
TEMPERATURE  RISE 

The  two  machines  have  the  same  short  time  rating, 
same  size.  Referring  to  Fig.  i,  suppose  a  given  motor 
is  operated  enclosed  at  a  certain  load.  Its  ability  to 
dissipate  heat  will  depend  upon  radiation  and  convec- 
tion from  the  outer  surface  of  the  motor.  Until  the 
external  surface  becomes  warm  the  heat  is  practically 
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all  stored  in  the  machine  and  the  temperature  increases 
almost  in  proportion  to  the  time.  If,  however,  suffi- 
cient air  is  drawn  through  the  machine,  the  ultimate 
temperature  for  the  same  load  will  be  considerably 
lower  and  reached  more  quickly. 

Suppose  a  ventilated  motor  is  loaded  so  as  to  at- 
tain the  same  final  temperature  as  an  enclosed  motor. 
At  first,  owing  to  the  low  temperature,  but  little  heat 
is  carried  away,  and  most  of  it  is  stored.  The  tempera- 
ture, therefore,  rises  at  first  in  proportion  to  the  time, 
but  rises  faster  than  in  the  enclosed  motor  on  account 
of  greater  losses.  When  the  load  is.  thrown  oflt,  the 
temperature  of  the  ventilated  motor  will  fall  much 
faster  than  that  of  the  enclosed  motor  if  the  machine 
continues  to  rotate,  as  indicated  in  Fig.  2.  If  the  motor 
i-  stopped  when  its  load  is  removed,  which  is  the  usual 
condition,  it  will  cool  in  about  the  same  length  of  time 
whether  open  or  enclosed,  since  the  ventilating  feature 
is  not  then  operative.  Thus  the  advantage  of  the  ven- 
tilated motor  comes  from  its  ability  to  dissipate  more 


;iJi^  jjBiBiii 


Los!  Conyected 


Loss  Dissapatcjd  from  Fra  ne. 


^M» 


LJ L 


m, 


m 


FIG.  4 — VARIATION  IN  LOSS  AND  TEMPERATURE  RISE 

For  ventilated  and  enclosed  motors  during  a  simple  hoist  cycle. 

heat  when  running,  and  therefore  to  carry  higher  aver- 
age loads.  The  two  curves.  Fig.  3,  indicate  the  time 
during  which  various  loads  can  be  carried  for  a  certain 
temperature  rise,  the  two  machines  having  the  same 
short  time  rating.  The  ventilation  does  not  influence 
the  capacity  for  short  time  ratings,  but  increases  tlie 
capacity  for  long  periods. 

The  variations  in  loss  and  temperature  rise  for  a 
ventilated  and  an  enclosed  motor  during  a  simple  hoist 
cycle  are  shown  in  Fig.  4.  The  positive  ordinates  in- 
dicate the  rate  at  which  heat  is  generated,  and 
the  negative  ordinates  indicate  the  rate  at  which 
it  is  dissipated.  During  the  period  of  heavy  load, 
the  losses  are  high  and  the  temperature  rises 
rapidly,  the  ventilated  motor  dissipating  more  loss 
than  the  enclosed  motor.  During  the  rest  period 
following,  both  the  open  and  the  enclosed  motor 
cool  off  at  practically  the  same  rate.  During  the  lower- 
ing period  a  certain  amount  of  heat  is  generated  and 


some  heat  is  radiated  from  both  motors,  but  in  addition 
the  ventilated  motor  dissipates  a  considerable  quantity 
of  heat  by  virtue  of  the  air  drawn  through  it.  This  is 
very  effective  at  this  time  because  of  the  relatively  high 
speed.  The  temperature  of  the  enclosed  motor  thus 
reaches  a  peak  at  the  close  of  the  period  of  heavy  load 
and  falls  during  the  rest  of  the  cycle,  except  for  a 
probable  rise  during  the  period  of  light  load.  The  peak 
temperature  of  the  ventilated  motor  occurs  at  the  same 
time,  but  its  temperature  likely  will  fall  considerably 
during  the  period  of  light  load.  In  the  case  of  bridge 
and  trolley  motors,  which  do  not  have  corresponding 
periods  of  light  load,  the  total  heat  generated  during 
the  period  of  load  must  be  dissipated  during  the  load 
and  rest  periods;  otherwise  the  heat  will  accumulate. 
The  ventilated  motor  has  an  advantage  here  also,  since 
it  can  dissipate  more  heat  during  the  period  of  running 
than  the  enclosed  motor,  though  the  gain  is  less  marked. 
In  the  preceding,  it  was  assumed  that  the  cycle  had 
been  repeated  for  a  sufficient  time  to  bring  the  average 
temperature  to  a  constant  value.  If  instead,  the  ma- 
chine  starts   cold,   the   temperature   of   the   ventilated 


—7.5 

\ 

1  ^ 

^ 

:s 

— 

\ 

-*i 

^^ 

Venl 

a  ted  Molor 

_ 

—3.5 

•^     ; 

>SmJ 

Dotoi 

■ 

' 

H9urs 

1    1 

P 

I      FIG.   S — COMPARISON  OF  HEATING  CHARACTERISTICS  OF  TOTALLY 

'  ENCLOSED  AND  VENTILATED   MOTORS 

jmotor  will  rise  more  rapidly  at  the  start  than  that  of 
the  enclosed  motor,  if  the  two  are  designed  for  the  same 
ritimate  temperature,  because  it  contains  less  active 
material  to  absorb  the  heat. 


Whether  the  crane  motor  is  built  ventilated  or  en- 
closed, it  should  have  about  tlie  same  speed-torque 
curve  for  a  given  application.  It  should  also  have  to 
stand  the  same  peak  loads  in  either  case;  hence  Uie 
mechanical  parts,  such  as  the  shaft,  bearings,  brackets 
?nd  to  a  certain  extent  the  frame  would  be  about  the 
same  for  either  condition.  The  commutator  and  the 
brush  rigging  also  would  be  similar  in  the  two  cases. 
The  principal  difference  would  be  found  in  the  active 
material,  and  would  depend  mostly  upon  the  time  rat- 
ing required. 

The  amount  of  load,  the  durations  of  the  load 
periods,  and  of  the  rest  periods  and  the  time  during 
which  the  cycle  is  repeated,  will  determine  the  time 
rating  required.  If  the  crane  or  hoist  is  used  for  only 
?.  few  minutes  at  a  time,  with  long  rest  periods  inter- 
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veiling,  it  vi'ill  do  little  good  to  ventilate  the  motor;  that 
is,  about  the  same  amount  of  active  material  will  be 
required  whether  the  motor  is  enclosed  or  open.  An 
example  of  this  kind  is  a  crane  intended  mainly  for 
use    in    emergency,    such    as    a    power    house    crane. 

\\'here  the  crane  is  used  at  frequent  intervals  for 
hours  at  a  stretch,  the  continuous  capacity  of  the  motor 
is  the  important  factor.  Such  service  as  this  is  re- 
quired of  cranes  for  general  machine  shop  and  foundry 
work.  In  such  a  case,  less  active  material  is  required 
in  the  ventilated  motor,  owing  to  its  ability  to  dissipate 
more  loss. 

It  is  obviously  impracticable  to  test  a  hoist  motor 
with  the  kind  of  load  which  it  will  get  in  actual  service. 
Some  compromise  test  and  rating  must  be  adopted. 
The  usual  practice  with  enclosed  motors  has  been  to 
rate  crane  and  hoist  motors  on  the  half  hour  basis.  For 
ordinary  work  the  motor  horse-power  required  when 
the  crane  or  hoist  is  operating  at  rated  capacity  has 
been  taken  as   the  required  half  hour  rating  of  the 
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FIG.    6 — VENTILATED   CRANE   MOTOR 

motor.  This  means  that  the  equivalent  continuous  load 
(for  the  same  average  temperature  rise)  amounts  to 
40  or  50  percent  of  the  half  hour  rating.  Owing  to 
its  ability  to  dissipate  more  heat,  the  continuous  ca- 
pacity of  a  ventilated  motor  in  sizes  commonly  used  in 
crane  work  is  some  40  to  50  percent  of  its  quarter  hour 
rating.  For  general  crane  service,  therefore,  the 
quarter  hour  rated  ventilated  motor  will  do  the 
same    work    as    the    half    hour    rated   enclosed    motor. 

EFFICIENCY 

In  a  ventilated  and  an  enclosed  motor  built  for  the 
same  work,  the  core  loss  and  the  friction  losses  would 
be  about  the  same.  The  I"R  loss  would  be  somewhat 
greater  in  the  ventilated  motor.  However,  the  loss  due 
to  the  energy  stored  in  the  rotating  parts  during  accel- 
eration would  be  much  less  in  the  case  of  the  ventilated 
motor,  which  would  tend  to  counterbalance  its  greater 
PR  loss.  The  loss  in  the  control  must  be  considered 
also,  since  the  total  loss  in  the  motor  circuit  is  the  ques- 
tion of  interest.     Approximately  one-half  of  the  input 


during  the  accelerating  period  is  lost  in  the  starting  re- 
sistance. In  some  cases,  this  may  amount  to  one- 
quarter  of  the  total  input  during  the  hoist  period. 
When  inching,  nearly  all  the  energy  is  lost  in  the  grids. 

COMPARATIVE  TEST  RESULTS 

To  bring  out  the  different  heating  characteristics  a 
number  of  tests  were  taken  for  direct  comparison  on  a 
totally  enclosed  motor  rated  at  7.5  hp,  230  volts,  700 
i.p.m.  Yz  hour,  50  degrees  C  and  a  ventilated  motor 
rated  at  7.5  hp,  230  volts,  800  r.p.m.  !4  hour,  50  de- 
grees C.  In  each  case  temperature  runs  were  taken 
for  different  periods,  starting  cold,  to  determine  the  rat- 
ing which  could  be  obtained  with  a  50  degrees  C.  tem- 
perature rise.  The  results  of  the  test  are  shown  in  Fig. 
5.  The  tests  indicate  a  smaller  capacity  for  the  ven- 
tilated motor,  for  runs  of  short  duration,  but  show  that 
it  has  as  much  capacity  as  the  enclosed  motor  or  even 
a  greater  capacity,  for  runs  lasting  several  hours. 

VENTILATED   CRANE   MOTORS 

A  line  of  motors  designed  to  secure  the  advantage 
of  greater  capacity  made  possible  by  ventilation  is 
shown   in   Figs.    6   and   7.     The   frames   are   made   of 


FIG.    7 — MOTOR   ARMATURE   WITH    FAN   BLADES 

rolled  steel  in  the  smaller  sizes,  which  gives  lightness 
without  sacrificing  rigidity.  In  the  larger  sizes  the 
frames  are  of  cast  steel  and  are  split.  The  smaller 
motors  are  readily  handled  as  a  unit  on  account  of 
their  lightness.  The  bearings  are  of  the  shell  type  with 
oil.  ring  lubrication.  The  shaft  and  bearings  are  mas- 
sive and  commutating-poles  are  provided  so  that  heavy 
peak  loads  can  be  carried.  The  shaft  has  tapered  ends 
to  pemiit  ready  removal  of  the  pinion  or  brake  wheel. 

Openings  are  provided  in  the  lower  half  of  the 
front  bracket  as  shown  in  Fig.  6,  to  permit  the  entrance 
of  air.  In  the  lower  part  of  the  rear  bracket,  openings 
are  provided  for  the  escape  of  the  cooling  air.  The 
openings  are  thus  disposed  so  that  falling  objects  can- 
not enter  through  them.  As  shown  in  Fig.  7,  fan 
blades  are  attached  to  the  armature  to  direct  the  air 
for  effective  ventilation.  Removable  covers  on  the  upper 
part  of  the  front  bracket  give  access  to  the  brush  rig- 
ging and  commutator  for  inspection.  Back  gear  parts 
can  be  added  readily  and,  if  desired,  a  brake  may  be 
mounted  on  the  front  end  of  the  motor,  as  shown  in 
Fig.  6. 
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WHEN  TWO  or  more  sources  of  alternoting 
current,  such  as  generators,  station  bus-bars, 
lines,  or  any  combination  of  these,  are  to  be 
connected  in  parallel,  it  is  necessary  not  only  that  the 
voltages  be  the  same,  but  also  that  the  maximum  in- 
stantaneous voltages  in  corresponding  phases  of  each 
source  be  in  the  same  direction  and  occur  at  the  same 
time.  With  these  conditions  present,  the  sources  are 
said  to  be  in  phase  or  in  synchronism  and  they  may  be 
connected  together. 

The  conditions  for  synchronizing  two  single-phase 
generators  are  indicated  in  Fig.  92.  Let  it  be  assumed 
that  generator  A  is  running  and  switch  R  is  closed  so 
that  power  is  being  delivered  to  the  line  indicated  by 
the  leads  1-2,  and  it  is  desired  to  connect  generator  B  in 
parallel  with  generator  A.  As  the  voltage  of  generator 
/.'  is  equal  to  that  of  A,  the  correct  time  to  close  switch 
.9  is  when  the  maximum  instantaneous  voltage  of  the 
incoming  generator  B,  which  is  mdicated  by  the  arrow 
?,  is  in  the  same  direction  and  occurs  at  the  same  time 
a;  the  maximum  instantaneous  voltage  of  generator  A, 
which  is  indicated  by  the  arrow  a.  The  two  genera- 
tors, when  thus  connected,  supply  power  to  the  line  1-2 
in  the  direction  indicated  by  the  arrows  d  and  e,  with- 
'  out  any  tendency  to  circulate  current  around  the  closed 
circuit  through  the  armatures  of  the  two  machines,  un- 
less the  characteristics  of  the  generators  are  unlike  due 
to  differences  in  design  or  to  non-uniform  rotation  of 
the  prime  movers.  The  vector  relations  of  the  get-era- 
tor  voltages  in  the  closed  circuit  through  the  two  arma- 
tures are  shown  in  Fig.  93,  where  £a  represents  the 
voltage  of  generator  A  and  ^n  the  voltage  of  generator 
B.  These  voltages  are  180  degrees  out  of  phase,  and 
being  of  equal  value,  the  vector  sum  is  zero.  There  is 
therefore  no  voltage  present  to  cause  current  to  circu- 
late between  the  machines.  Any  displacement  of  the 
voltage  of  one  generator  with  respect  to  the  other  pro- 
duces a  voltage  in  the  closed  circuit  through  the  two 
.-'imatures,  as  is  indicated  by  Ec,  in  the  vector  diagram 
in  Fig.  94,  where  the  voltage  of  generator  B  is  shown 
lagging  by  an  angle  <^  behind  the  correct  position  for 
synchronizing  represented  by  the  dotted  vector.  The 
voltage  Eq,  which  is  equal  to  the  vector  sum  of  R^  ?nd 
Eb,  causes  a  current  to  circulate  through  the  two  ai  ma- 
tures and  this  current  tends  to  accelerate  generator  B 
?.nd  retard  generator  A  and  thu^-  bring  them  back  into 
■synchronism. 

The  voltage  conditions  in  Fiq.  02  are  incorrect  for 
closing  switch  S,  if  the  maximum  instantaneous  voltage 


of  generator  B  is  in  the  direction  of  arrow  c  at  the 
same  time  that  the  maximum  instantaneous  voltage  of 
generator  A  is  as  indicated  by  the  arrow  a.  The  two 
voltages  are  then  in  the  same  direction  in  the  closed  cir- 
cuit through  the  two  armatures,  as  is  shown  by  the  vec- 
tor diagram  in  Fig.  95,  and  the  vector  sum  of  the  volt- 
ages represented  by  £c  is  equal  to  twice  the  voltage  of 
one  generator  or  the  normal  operating  voltage  of  the 
system.  Should  the  switch  be  closed  under  such  condi- 
tions, the  current  that  would  flow  would  be  limited  only 
by  the  impedance  of  the  two  armature  circuits  and 
might  destroy  the  machines.  Therefore  it  is  necessary 
that  some  means  for  synchronizing  be  provided  when- 
ever two  or  more  sources  of  alternating  current  are  to 
be  connected  in  parallel. 

When  any  number  of  polyphase  circuits  have  the 
same  direction  of  phase  rotation,  it  is  only  necessar>-  to 
synchronize   with   one  phase,  using  the   correspon.iing 


FIG.     92 — CONNECTIONS 

FOR    PARALLEL 

OPF.RATION 


FIG.  03 — VOLTAGES  WITH  GEN- 
ERATORS   IN    SYNCHRONISM 


FIG.  04 — GENERATOR  B  SLIGHT- 
LY OUT  OF  SYNCHRONISM 


FIG.    95 — GENERATORS    l8o   DE- 
GREES   OUT   OF    SYNCHRONISM 


I'hase  in  all  sources,  and  therefore  in  the  discussions 
^vhich  follow  only  single-phase  generators  will  be  con- 
i'idered.  This  will  be  representative  of  one  phas-  of 
polyphase  generators  or  for  any  sources  of  alternating 
cuirent  other  than  generators. 

The  simplest  method  of  synchronizing  is  with 
l::mps.  The  principles  of  this  method  can  be  expla-ned 
in  connection  with  Fig.  96,  where  generator  B  is  to  be 
synchronized  with  generator  A  and  the  two  machines 
operated  in  parallel  to  supply  power  to  the  line  i-2. 
Let  it  be  assumed  that  generator  A  is  running  and  the 
switch  is  open.  The  two  lamps  are  connected  across 
the  poles  of  the  switch  as  shown,  when  generator  B 
is  started.  As  the  speed  of  the  machine  increases,  the 
voltage  will  build  up  as  soon  as  the  field  is  excited  and 
this  voltage  will  be  alternately  in  phase  with  and  180 
degrees  out  of  phase  with  the  voltage  of  generator  A 
until  the  speed  of  generator  B  becomes  the  same  as  that 
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of  A,  when  the  voltages  would  remain  in  the  same 
phase  position  with  respect  to  one  another.  When  the 
voltage  of  generator  B  is  in  phase  with  that  of  genera- 
tor A,  with  reference  to  the  line,  no  voltage  is  im- 
pressed on  the  lamps,  as  was  explained  by  the  vector 
diagram  in  Fig.  93  and  the  lamps  would  be  dark,  but 
when  the  voltages  of  generator  B  is  180  degrees  out  of 
phase  with  that  of  generator  A,  the  voltages  of  the  two 
machines  operating  in  series,  or  double  the  voltage  of 
one  generator,  is  impressed  on  the  lamps,  and  then  burn 
at  maximum  brilliancy.  Thus  the  flickering  of  the 
lamps  give  an  indication  of  the  phase  relations.  When 
the  speed  of  the  two  generators  is  almost  the  same,  so 
that  the  lamps  flicker  slowly,  the  switch  may  be  closed 
when  the  lamps  are  entirely  dark,  for  then  the  two 
generators  are  in  synchronism.  The  voltage  of  each  of 
the  two  lamps  must  be  the  same  as  the  normal  voltage 
of  the  circuit,  or  the  voltage  of  one  generator. 

Connections  commonly  used  on  switchboards  "  for 
synchronizing  between  any  generator  and  bus  with 
lamps  are  shown  in  Fig.  97.  The  single-phase  genera- 
tor circuits  are  typical  for  two  cf  any  number  of  gen- 
erators and  also  for  one  phase  of  polyphase  circuits. 
The  synchronizing  switches  provide  the  necessary 
means   for  connecting  the   synch  rcini zing  apparatus   to 


Gtn,  A  Gen    B 

FIG.  96 — SYNCHRONIZING  BETWEEN  TWO 
GENERATORS 

any  one  of  the  generators  and  also  for  disconnecting  the 
synchronizing  apparatus  when  not  needed.  The 
switches  indicated  are  of  the  rotary  type  and  are 
operated  by  a  key  which  can  be  removed  from  the 
switch  when  in  the  off  position  so  that  one  key  is  suffi- 
cient for  an  entire  switchboard.  The  development  of 
the  switch  shows  the  connections  for  the  two  positions. 
In  the  off  position  all  the  points  r.re  open,  and  in  the  on 
position  points  /,  2  and  5  are  connected  together  and 
points  4  and  5  are  connected  together.  The  lamp  in- 
dicated by  a  cross  is  usually  located  on  the  back  of  the 
switchboard  to  provide  the  extra  resistance  necessary 
in  the  synchronizing  circuits.  The  lamps  shown  di- 
rectly above  the  synchronizing  switches  are  located  on 
the  front  of  the  panels  controlling  the  respective  gen- 
erators and  are  the  ones  to  be  observed  while  syn- 
chronizing. When  a  certain  generator  is  to  be  syn- 
chronized and  connected  to  the  bus,  which  is  already 
energized  by  one  or  more  of  the  other  generators,  the 
synchronizing  key  is  inserted  in  the  synchronizing 
switch  for  that  particular  generator  and  the  switch  is 
moved  to  the  on  position.     Then  starting  with  the  volt- 


age transformer  connected  to  the  generator,  the  side  of 
the  secondary  in  which  the  fuse  is  shown  is"  connected 
through  points  J  and  i  and  the  lamp  on  the  front  of  the 
panel  to  the  incoming  synchronizing  bus  /,  from  this 
bus  through  the  lamp  on  the  rear  of  the  board  to  the 
running  synchronizing  bus  R,  and  from  this  bus 
through  points  4  and  5  of  the  synchronizing  switch  to 
the  synchronizing  bus  B  to  which  is  connected  the  cor- 
responding side  of  the  secondaiy  of  the  voltage  trans- 
former on  the  main  bus.  The  other  side  of  the  sec- 
ondaries of  the  two  voltage  transformers  are  connected 
together  by  the  ground  wire  which  completes  the  syn- 
chronizing connections.  The  flickering  of  the  lamp  on 
the  front  of  the  generator  panel  indicates  when  the 
generator  is  in  synchronism  with  the  bus.  In  Fig.  97 
and  also  in  almost  all  the  figures  which  follow,  the 
only  connections  shown  are  those  necessary  for  syn- 
chronizing and  the  voltage  transformers  are  indicated 
as  being  used  only  for  that  purpose,  but  in  many  cases 
the  voltage  transformers  which  are  provided  for 
meters  may  be  used  also  for  synchronizing. 

Connections  are  shown  in  Fig.  98  for  synchroniz- 
ing between  any  two  generators  with  lamps.     This  ar- 
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Development  of 
Syn.  Switch 
Using   One  Key 


FIG.  97 — SYNCHRONIZING  BETWEEN  ANY  GENERATOR  AND  BUS 

rangement  does  not  require  a  voltage  transformer  for 
the  bus,  but  one  for  each  generator  is  sufficient.  The 
synchronizing  switches,  as  indicated  by  the  develop- 
ment, have  three  positions  and  two  keys  are  used  for 
operating  them.  One  key  when  inserted  in  a  switch 
v.ill  move  it  to  the  incoming  position  only  so  that  points 
1  and  2  are  connected  together,  while  the  other  key  will 
move  it  to  the  running  position  only,  so  that  points  2 
and  3  are  connected  together.  A  switch  must  always 
be  moved  to  the  off  position  so  that  all  the  points  are 
open  before  a  key  can  be  removed.  One  incoming  key 
and  one  running  key  are  sufficient  for  an  entire  switch- 
board. 

Assume  that  generator  A  is  running  and  connected 
to  the  bus  and  it  is  desired  to  synchronize  generator  B 
with  A.  First  the  running  key  is  inserted  in  the  syn- 
chronizing switch  for  generator  A  and  .the  switch  is 
moved  to  the  running  position  and  then  the  incoming 
key  is  inserted  in  the  synchronizing  switch  for  genera- 
tor B,  bringing  this   switch  to  the   incoming  position. 
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Starting  with  the  voUage  transformer  connected  to  gen- 
erator B,  the  side  of  the  secondary  in  which  the  fuse  is 
shown  is  connected  through  points  /  and  2  of  the  syn- 
chronizing switch  and  the  lamp  on  the  panel  for  gen- 
erator B  to  the  incoming  synchronizing  bus  I,  thence 
through  the  lamp  on  the  rear  of  the  board  to  the  run- 
ning synchronizing  bus  R,  and  then  through  points  2 
and  J  of  the  synchronizing  switch  on  the  panel  for 
generator  ./  to  the  corresponding  side  of  the  secondary 


FIG.    98 — SYNCHRONIZING   liKTWF.EN    ANY   TWO   GENERATORS 

of  the  voltage  transformer  connected  to  generator  A. 
The  flickering  of  the  lampxin  the  panel  for  generator  B 
indicates  when  the  two  machines  are  in  synchronism. 
When  several  generators  are  connected  to  the  bus  and 
rperating  in  parallel  and  it  is  desired  to  connect  in  an- 
other, it  does  not  make  any  difference  which  one  of  the 
running  machines  is  selected  for  synchronizing. 
Naturally,  however,  an  operator  would  select  a  gener- 
ator which   was  controlled   from   a   switchboard  panel 


most  convenient  to  the  panel  from  which  the  incoming 
machine  is  controlled.  This  method  of  synchronizing 
between  machines  requires  one  less  voltage  transfcjrmer 
than  the  method  for  synchronizing  to  the  bus,  but  it 
requires  two  synchronizing  keys  and  that  two  of  the 
synchronizing  switches  be  operated  when  synchroniz- 
ing. 

The  use  of  lamps  for  indicating  synchronism  is 
quite  satisfactoi-y,  but  it  is  always  difficult  to  judge  ex- 
actly when  the  lamps  are  entirely  dark.  Several  volts 
must  be  impressed  across  a  lamp  before  the  filament 
begins  to  glow,  especially  if  the  lamp  has  a  carbon  fila- 
ment, and  for  that  reason  a  synchronizing  lamp  may 
appear  dark  when  actually  the  voltage  of  the  incoming 
generator  may  be  out  of  phase  with  the  source  to  which 
it  is  to  be  connected  by  a  considerable  angle.  Should 
the  switch  be  closed  under  such  conditions  cross  cur- 
rents would  circulate  until  the  machine  would  come 
into  synchronism.  Furthermore,  if  the  filament  of  a 
lamp  should  break  while  synchronizing,  an  operator 
might  think  that  the  incoming  generator  was  in  phase 
because  the  lamp  was  dark  and  close  the  circuit  breaker 
at  the  wrong  time.  This  danger  can  be  averted,  and 
the  indication  made  slightly  plainer,  by  reversing  the 
secondary  leads  of  one  potential  transformer,  in  which 
case  the  circuit  breaker  should  be  closed  when  the 
lamps  are  at  their  maximum  brightness.  With  either 
connection,  however,  synchronizing  by  means  of  lamps 
is  usually  limited  to  small  installations,  in  which  the 
total  amount  of  power  involved  is  small  and  the  in- 
herent reactance  of  the  generators  is  high.  Synchroniz- 
ing of  larger  capacity  units  is  almost  universally  done 
bv  means  of  synchrono  scopes. 
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1918 — Efficiency  of  Vertical  Water- 
Wheel  Alternator^  When  large 
watcr-whccl  generators  arc  tested  at 
the  factor>-,  do  the  efficiencies  ob- 
tained include  windage,  thrust  bear- 
ing, and  the  upper  and  lower  guide 
bearing  losses?  In  other  words,  if 
the  efficiency  of  a  vertical  water-wheel 
alternator  is  stated  to  be  07  percent, 
as  found  by  the  shop  tcsl,  at  a  speci- 
fied load  and  power-factor,  docs  this 
mean  that  07  percent  of  the  power 
supplied  to  the  generator  shaft  by  the 
turbine  will  be  indicated  on  the  gen- 
erator wattmeter  at  the  switchboard? 

R.n.G     (MONT.) 

All  bearing,  windage  and  electrical 
losses  are  included  in  the  shop  tests  for 
efficiencies  of  water-wheel  generators. 
This  does  not  necessarily  mean,  how- 
ever, that  if  such  a  test  indicates,  say, 
97  percent  efficiency,  that  97  percent  of 
its  power  input  will  be  measured  at  its 
switchboard.  This  is  true  because  the 
value  of  efficiency  given  is  what  is  de- 


fined by  the  A.  I.  E.  E.  as  a  conventional 
efficiency,  in  which  certain  losses  not 
directly  measurable  are  approximated, 
and  therefore  the  actual  losses  in  the 
machine  may  vary  slightly  from  those 
indicated  by  the  conventional  efficiency. 

RA.M. 

1919 — iN-nucTioN  Type  Watthour  met- 
ers— Will  you  kindly  expain  how  in- 
duction type  watthour  meters  are 
made  to  operate  over  a  wide  range  of 
frequencies.  Also  what  percentage  of 
accuracy  is  attained?  w.r.l.  (n.y.) 

An  induction  type  watthour  meter  is 
accurate  only  at  the  frequency  for  which 
it  is  designed  and  calibrated  and  there- 
fore cannot  be  made  to  operate  over  a 
wide  range  of  frequencies.  A  change  of 
several  percent  in  the  frequency  will 
pi  educe  a  small  error  at  unity  power- 
factor  conditions ;  but  will  produce 
larger  errors  with  other  power-factors. 
Sec  Electrical  Meterman's  Handbook, 
p.   413.  W.R.R. 


1920— Bus-Bar  Arrangement — Fig.  (a) 
shows  a  proposed  arrangement  for 
600  volt,  60  cycle  busses  with  a  carry- 
ing capacity  of  appro.ximately  5000 
amperes.  Please  explain  what  effect 
an  arrangciTient  will  have  on  the  steel 
in  the  brackets.  W.S.G.   (n.H.) 

Since   all    three   busses   of   the   three- 
phase  circuit   are   within   the  same   iron 


FIG.  1920  (a) 


or  magnetic  circuit,  there  will  be  no 
effect  on  the  iron  from  the  electrical 
circuit.  j.M.B. 
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Ward  LLOiKiid  Viuoliiii  Field  Rheostat 
Type  FFS-6"  diamelirl .     Weighs  approximateU-  II    ^. 


Ward  Leonard 

Motor  Field  Rheostats 


Any  ohms  from  a  frac- 
tion of  one  ohm  to  the 
maximum  ever  required  in 
commercial  or  experiment- 
al work. 

Tapered  to  suit  the  most 
exacting  conditions. 

These   Ward   Leonard 
Motor  Field  Rheostats  are 
made  with  Vitrohm   vitre- 
ous enamelled  insulation  on  substantial 
cast  iron  plates.     They  are  durable— 


and  withstand  the  heaviest 
vibration  encountered  in 
service.  Vitrohm  insulates 
and  seals  the  resistance  ele- 
ment against  disintegration 
due  to  atmospheric  con- 
ditions, corrosion  or  the 
effect  of  repeated  heating 
and  cooling. 

We  carry  a  large  stock 
of  standard  sizes  and  make  very 
prompt  shipments  from  stock. 
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NATIONAL  SAFETY  SECTION 


BLAST    FURNACES 

(Conlinued) 

The  "blowing  in"  practice  followed 
by  the  same  company  previously  re- 
ferred to  is  as  follows: — 

"(a) — The  furnace,  if  one  of  several 
connected  by  a  common  gas  main, 
should  be  isolated  from  the  main  by 
its  water  valve  and  goggle  valves  until 
filled  and  ready  to  light.  Just  before 
this  time  the  goggle  valve  should  be 
opened. 

"(b) — The  furnace  should  be  lighted 
with  its  tuyeres  and  blowpipes  in  place, 
and  bleeders  and  bells  on  top  open  and 
everything  closed  tight  on  downcomers 
and  dustcatchers  and  gas  lines,  to  the 
valves.  Electric  lighting  at  all  tuyeres 
simultaneously  by  glowing  coils  is  a 
good  method.  This  is  done  by  fan- 
ning the  furnace  slightly  by  a  little  air 
through  mi.xcr  pipe  and  closing  a 
switch  which  heats  a  coil  in  each  blow 
pipe  to  a  red  heat.  The  coil  is  sur- 
rounded with  e.xcelsior  soaked  in  carbon 
oil.  After  wood  or  charcoal  in  fur- 
nace is  burning  well  the  pressure  of 
blast  is  gradually  increased. 

"(c)— When  the  gas  is  burning  well, 
the  tapping  hole,  after  becoming  hot, 
may  be  stopped  with  clay  and  coke  dust 
in  the  usual  manner.  After  this  is  com- 
pleted the  hot  blast  is  put  on  gradually 
and  increased,  the  amount  and  rate  of 
increase  being  governed  by  local  con- 
ditions. 

"(d) — After  the  furnace  has  been  on 
a  sufficient  time,  so  that  all  the  green 
gas  has  disappeared  and  the  gas  lights 
can  be  lighted  on  top,  steam  can  be 
turned  in  dust  catcher,  and  the  bells 
closed.  It  is  customary  at  many  plants 
when  gas'  is  not  required  immediately 
to  allow  the  bells  to  remain  open  for 
a  number  of  hours  if  it  does  not  ignite 
on  top.  This  is  done  so  as  to  be  sure 
that  the  gas  is  of  good  quality  when 
brought  down. 

"(e) — .\fter  making  sure  that  all  air 
has  been  displaced  from  dust  catcher 
and  gas  mains  as  far  as  the  water 
valves  (by  carefully  allowing  the 
tapped  air  in  the  lines  to  escape  slowly 
from  doors  or  dust  bells  at  points 
farthest  from  the  furnace)  and  that 
the  gas  pressure  is  sufficient  to  over- 
come the  main  gas  line  pressure,  the 
water  valves  may  be  opened  and  the 
bleeders  closed.  The  use  of  steam, 
when  bringing  the  gas  down,  to  replace 
any  air  in  downcomer  or  dustcatchcr 
is  an  additional  safeguard  and  is 
customary  in  many  plants,  but  it  can 
be  dispensed  with  in  some  cases  if 
sufficient    precautions    are    taken. 

"(f) — The  same  practice  is  followed 
in  the  case  of  gas  going  to  stoves  or 
boilers.  Never  permit  a  flame  to  come 
in  contact  with  the  gas  if  there  \s  any 
possibility  of  a  mixture  of  gas  and  air 
being  present.  Open  doors  slightly  in 
the  gas  burners  or  gas  fhics  (or  a 
regular  bleeding  valve  which  is  used  in 
some  cases)  and  wait  until  all  the  air  is 
displaced  from  mains  and  there  is  a  good 
continuous  flow  of  gas.  The  gas  can 
then  safely  be  lighted.  At  many  plants, 
as  an  additional  safeguard,  steam  is 
also  used  to  replace  the  air  in  gas  flues 
to  stoves  and  boilers." 


Another  member  of  the  National 
Safety  Council  suggests  the  follow- 
ing :— 

"To  bring  down  the  gas  and  to  get  it 
safely  lighted  under  the  boilers  and  in 
the  stoves  when  blowing  in  a  furnace, 
the  steam  should  be  turned  into  the 
dust  catcher  and  gas  main  before  the 
blast  is  put  on  the  furnace.  Keep  all 
fires  away  from  top  of  the  furnace, 
and  as  soon  as  gas  shows  at  the  top 
after  putting  on  the  blast,  close  the  big 
bell,  leaving  bleeders  open.  Gradually 
close  bleeders  after  the  gas  begins  to 
come  in  good  volume  (from  lo  to  30 
minutes  should  be  ample)  thus  forcing 
the  gas  down  and  •  into  the  dust- 
catchers  and  out  through  into  the  gas 
mains.  Keep  all  gas  burners  closed 
until  gas  pressure- is  sufficient  to  force 
gas  out  of  every  crack.  Then  open 
burner  on  boilers  farthest  from  fur- 
nace and  after  a  short  time  the  pilot 
fire  will  light  the  gas  without  making 
any  disturbance.  Additional  burners 
at  boilers  or  stoves  can  be  opened 
gradually  as  gas  flow  increases,  and 
steam  can  be  gradually  shut  off  from 
gas  mains  and  dust  catchers." 

Slacking  the  Blast. — Slacking  the 
blast  on  a  furnace  should  be  done  only 
by  the  furnace  foreman,  or  under  his 
personal  direction.  If  the  furnace  is 
"hanging",  the  blast  must  be  slacked 
only  after  the  usual  signal  by  whistle, 
which  will  give  warning  to  everyone 
that  the  furnace  is  to  be  let  down. 

Breakdown  of  Blozving  Engine — In 
case  or  a  sudden  breakdown  of  blowing 
engines  and  it  becomes  necessary  to 
lower  the  blast  pressure,  the  big  whistle 
at  engine  house  should  be  immediately 
blown,  to  warn  men  at  the  furnace  so 
they  will  flush  the  furnace  and  prevent 
slag  coming  back   into  the   tuyeres. 

Whenever  it  is  necessary  that  men 
enter  the  air  or  steam  cylinders  of 
blowing  engines,  the  following  pre- 
cautions should  be  taken : 

(a) — Lock  the  throttle  valve  and 
attach  sign   "Danger — Man  Inside". 

(b) — Block  one  flywheel  on  front 
and  back. 

(c) — Block  the  crosshead  on  top  and 
bottom. 

(d) — Place  a  block  (about  12.XI2X48 
inches)  in  end  of  cylinder  where 
men  are  working  to  block  the  piston. 

Workmen  should  always  make  sure 
that  these  precautions  are  taken  before 
they  enter  the  cylinders. 


OPERATIXG  RULES  FOR  BOILERS 


STARTING   FIRKS    IN   A   COI.D   BOILER   SETTING 

If  a  boiler  in  a  battery  that  is  in 
service  has  been  out  of  use  for  a  time 
sufficient  to  permit  all  parts  of  the  set- 
ting to  become  cold,  or  if  it  is  a  new 
boiler,  the  following  method  of  starting 
it  up  is  advised : — 

The  stop  valve  between  the  "goo.?e 
neck"  and  the  header  should  be  tight ; 
the  drain  pipes  in  the  "goose  neck"  and 
the  drain  valve  underneath  the  non- 
return valve  should  be  open ;  and  the 
conneclion  to  the  steam  gauge  should  be 
open  and  in  good  condition.  Open  the 
feed  valve  and  fill  the  boiler  gradually 
until  the  water  level  stands,  between  the 


first  and  second  gauges  of  the  boiler. 
Start  a  very  light  wood  fire  in  the  fur- 
nace, and  have  the  damper  in  the  stack 
practically  closed.  The  escape  of  smoke 
from  the  setting  will  indicate  any  air 
leaks,  unclosed  doors  or  other  defects 
which  are  undesirable  when  a  boiler  is 
in  service.  If  any  such  leaks  are  ob- 
served they  should  be  corrected  before 
going  further;  in  case  of  a  new  boiler, 
or  a  boiler  with  new  brickwork  in  the 
furnace,  this  preliminary  heating  should 
be  continued  lor  a  day  or  two  if  possible 
before  going  further.  Continue  the  fir- 
ing with  gradual  addition  of  coal,  the 
damper  being  adjusted  to  the  require- 
ments until  all  the  air  is  driven  from 
the  boiler,  and  steam  is  escaping  from 
the  proper  channel. 

A  period  of  at  least  two  hours  should 
be  occupied  in  bringing  the  steam  pres- 
sure in  the  boiler  up  to  the  pressure  in 
header;  as  stated  above,  if  the  boilers 
are  new  a  longer  time  should  be  taken. 
While  steam  pressure  is  rising  in  the 
boiler,  the  gate  valves  between  the  boiler 
and  the  steam  main  should  be  opened 
slowly.  This  leaves  the  boiler  still  shut 
off  from  the  main  by  the  non-return 
valves.  When  the  pressure  on  the 
boiler  has  reached  the  required  pressure 
the  non-return  valve  will  open  auto- 
matically, placing  the  boiler  in  connec- 
tion with  the  main  steam  system. 

Before  commencing  heavy  firing,  cor- 
responding to  the  service  in  the  re- 
mainder of  the  battery,  lift  the  lever  on 
the  safety  valve  to  see  that  it  is  free  to 
act,  and  observe  at  the  earliest  oppor- 
tunity whether  this  valve  lifts  at  the 
allowed  pressure  of  the  boiler  or  under 
that  pressure.  At  this  time  the  stop 
valve  in  the  boiler  feed  pipe  near  the 
feed  main  of  the  boiler  house  should  b; 
wide  open,  also  the  stop  valve  between 
the  check  valve  and  the  boiler ;  the  feed 
controlling  valve  should  be  adjusted  by 
the  water  tender  to  an  opening  sucE  as 
will  provide  the  required  water  delivery. 

CHECKING   FIRES 

The  practice  of  checking  fires  by 
opening  fire  doors  so  as  to  permit  an 
inrush  of  great  quantities  of  cold  air 
into  the  boiler  setting  and  to  the  stack 
is  bad  from  an  economic  standpoint, 
and  subjects  the  boiler  and  setting  to 
undesirably  rapid  changes  of  tempera- 
ture. Instead  of  this,  ash  doors  or  other 
draft  supply  should  be  closed,  and,  if 
further  checking  is  necessar>',  dampers 
should  be  closed.  Finally,  if  necessary, 
open  fire  doors  gradually. 

BLOWING  OUT  BOILERS 

The  bottom  blow-off  should  be  used 
at  least  once  every  twelve  hours,  Jhe 
valves  in  the  blow-off  connections  being 
left  open  for  a  period  of  one-half 
minute  or  longer,  depending  upon  the 
character  of  the  feed  water  supply.  A 
boiler  should  not  be  emptied  before  the 
setting  has  cooled. 

TURNING   STEAM    INTO  EMPTY    SECTIONS   i)F 
PIPING 

Steam  should  always  be  admitted  to 
empty  piping  very  slowly.  If  any  por- 
tion of  piping  has  remained  unused  fjr 
an  hour  or  more  it  is  important  that  il 
be  completely  drained  before  steam  i^ 
again  turned  into  it. 

(To  be  continued) 
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NEW  A.E.R.A.  OFFICERS 


At  the  annual  convention  ot  the 
American  Electric  Railway  Association 
of  Atlantic  City,  October  ii-iS>  the 
following  officers  were  elected  for  the 
American  Association  :  President,  Philip 
Gadsden,  president,  Charleston,  South 
Carolina,  Consolidated  Company;  1st 
vice-president,  R.  I.  Todd;  2nd  vice- 
president,  P.  ].  Kealy;  3rd  vice-presi- 
dent, Britton  I.  Budd;  4th  vice-president. 
C.  D.  Emmons.  Mr.  W.  G.  Gove,  of 
the  Brooklyn  Rapid  Transit  Co.,  was 
elected  president  of  the  Engineering 
Association.  Mr.  R.  P.  Stevens,  presi- 
dent of  the  Pennsylvania-Ohio  Electric 
Co.,  was  elected  president  of  the  Trans- 
portation and  Traffic  Association. 


PERSONALS 

Mr.  W.  K.  Dunlap  has  been  elected 
acting  vice-president  of  the  Westing- 
house  Electric  &  Mfg.  Company  with 
headquarters  at  the  East  Pittsburgh 
offices. 

Mr.  S.  H.  Abbott,  formerly  of  the 
Baltimore  service  department  of  the 
Westinghouse  Electric  &  Mfg.  Company 
and  during  the  war  an  ofHcer  in  the 
engineer  corps  in  France,  has  recently 
returned  from  a  trip  to  France  where 
he  installed  two  122000  volt  outdoor 
substations  at  Luchon  and  has  now 
taken  up  work  with  the  WostinghouiC 
International  Company  with  hcad- 
.quarters  at  East  Pittsburgh, 


Mr.  J.  H.  Klinck,  formerly  of  the 
Atlanta  district  office  of  the  Westing- 
house  Electric  &  Mfg.  Company  and 
during  the  war  a  major  in  the  construc- 
tion division  of  the  U.  S.  Army,  has 
returned  to  the  Westinghouse  organiza- 
tion in  the  general  sales  department  with 
headquarters   at   East   Pittsburgh. 

Mr.  H.  B.  Joyce,  formerly  power 
engineer  of  the  United  Electric  Light  & 
Power  Company  of  New  York  and  dur- 
ing the  war  a  major  in  the  construction 
division  of  the  U.  S.  Army,  has  entered 
the  employ  of  Johnson  &  Benham,  Inc., 
Engineers,  with  offices  at  150  Nassau 
St.,  New  York  City. 

Mr.  Frank  Thornton  has  been  ap- 
pointed manager  of  the  electric  heating 
department  of  the  Westinghouse  Electric 
&  Mfg.  Company,  and  will  have  charge 
of  the  design  and  development  of  heat- 
ing apparatus  manufactured  by  the 
Westinghouse  Electric  Products  Com- 
pany at  their  Mansfield  works. 

Mr.  H.  W.  Hough,  chief  electrical  & 
research  engineer  for  the  Cleveland 
Electric  Illuminating  Company,  has  re- 
signed to  join  the  stafT  of  the  Daniel 
M.  Luehrs  Company,  Consulting  &  Con- 
struction Engineers,  of  Cleveland,  Ohio. 

Mr.  C.  A.  Moore,  superintendent  of 
electrical  department  of  the  Cambria 
Steel  Company  of  Johnstown,  Pa.,  has 
resigned  to  become  superintendent  of 
power  plants  of  Bervvind- White  Coal 
Company  of  Winbcr,  Pcnna. 


Mr.  H.  L.  Barnholdt  has  been  ap- 
pointed section  engineer  in  charge  of 
large  alternating-current  mill  and  marine 
motor  design  in  the  motor  engineering 
department  of  the  Westinghouse  Electrio 
&  Mfg.  Company. 

Mr.  Morse  Dell  Plain,  vice-president 
and  general  manager  of  tht  Northern 
Indiana  Gas  &  Electric  Company,  was 
elected  president  of  the  Indiana  Electric 
Light  Association  at  its  recent  conven- 
tion. Mr.  Dell  Plain  was  with  the 
Westinghouse  Company  for  about  five 
years  and  later  was  power  engineer  for 
the  Syracuse  Lighting  Company. 

Professor  A.  S.  Langsdorf,  of  the 
department  of  electrical  engineering, 
Washington  Univcrsitj'  of  St.  Louis, 
has  resigned  to  become  production  man- 
ager of  the  Crunden-Martin  Mfg.  Com- 
pany of  St.  Louis. 

Standard  Underground  Cable  Com- 
pan}-,  Pittsburgh,  Pcnna.,  has  just  issued 
its  bulletin  No.  740-1  on  joints  and 
jointing  materials.  This  includes  in- 
structions for  making  joints  on  lead 
covered  cables,  including  the  method  of 
filling  the  joints  with  insulating  com- 
pound. 

The  St.  Louis  Brass  Co.,  St.  Louis, 
Mo.,  are  placing  on  the  market  their 
"Brasco"  switch  extensions  which  are 
made  to  attach  to  junction  boxes  or  to 
screw  to  ceiling  and  are  used  where  an 
individual  switch  is  desired  to  control  a 
single  unit.  Either  pull  or  pendant 
switches  may  be  used.  A  leaflet  de- 
scribing these  will  be  sent  on   request. 
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sparkling  eyes  and  color  of  health; 
mind  cleared,  body  refreshed- 
Atlantic  City  in  Winter.  Just  the 
tempering  breath  of  the  Gulf  Stream, 
invigorating  tang  of  the  sea,  and 
clear  sunshine. 

A  canter  on  the  beach.  18  holes  of 
golf,  or  a  pleasant  stroll,  far  as  you 
like,  along  the  world-famous  Board- 
walk, lined  with  a  thousand  fascin- 
ating shops  and  amusements.  Then 
relaxation  and  rest  at  —  Chalfontc. 
Hospitable,  quiet,  home-like.  Its 
guests,  interesting,  cultivated  people, 
return  year  after  year;  for  once  to 
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THE  INTERNATIONAL  RADIO 
TELEGRAPH  COMPANY 


The  Westinghouse  Electric  &  Mfg. 
Company  has  secured  a  controlling  in- 
terest in  The  International  Radio  Tele- 
graph Company  which  concern  enjoys 
the  patent  rights  under  the  inventions 
of  Professor  R.  A.  Fessenden,  some  of 
which  are  the  most  important  and  con- 
trolling patents  in  radio  communication. 
The  Electric  Company  will  take  up  the 
manufacture  and  sale  of  wireless  appar- 
atus. The  officers  of  the  Radio  Com- 
pany are:  Guy  E.  Tripp,  Chairman; 
E.  M.  Herr,  President;  S.  M.  Kintner, 
Calvert  Townlcy  and  H.  P.  Davis,  Vice- 
presidents.  Mr.  M.  C.  Rypinski  has 
been  placed  in  charge  of  all  radio  sales 
activities  and  L.  W.  Chubb  has  been 
appointed  manager  of  the  radio  engin- 
eering department. 


NEW  BOOKS 


"Industrial  Electrical  Measuring  In- 
struments"—Kenelm  Edgcumbe.  414 
pages,  260  illustrations,  Published  by 
D.  Van  Nostrand  Co.,  Fore  sale  by 
The  Electrical  Journal,  Price  $5.00 

This  is  the  second  edition  of  this  work 
by  an  English  author  and  has  largely 
been  rewritten  and  expanded.  The  ma- 
thematics used  is  of  the  simplest  type, 
vector  diagrams  being  used  where  suit- 
able. Line  diagrams  showing  working 
principles  have  been  used  in  place  of 
the  more  usual  photographic  views.  The 
sections  which  have  been  especially  en- 
larged are  those  dealing  with  induction 
instruments,  current  and  voltage  tran- 
formers,  graphic  instruments,  power 
measurements  and  constructional  de- 
tails. A  very  extended  discussion  on 
errors  and  accuracy  is  included  in  the 
introductory  section.  A  long  discus- 
sion is  also  included  on  pyrometers,  a 
subject  not  usually  included  in  books  on 
meters ;  also  an  extended  discussion  on 
instrument  transformers.  The  crest 
voltmeter  is  also  described. 


■  ilitury  aiiU  LalLiii.tiiuii  ot  i  raa^ie  a 
Electric  Phencjniena  and  Oscillations" 
— Chas.  P.  Steinmelz.  6g6  pages,  Iij 
illustrations.  Published  by  McGraw- 
Hill  Book  Company.  For  sale  by  The 
Electric  Journal,  Pittsburgh,  Pa. 
Price  $6.00. 

This  is  a  third  and  enlarged  edition 
of  this  work  originally  published  in  1909. 
During  the  past  ten  years  the  study  of 
transient  phenomena  has  been  greatly 
extended.  The  development  of  the 
oscillograph  has  also  aided  in  experi- 
mental work  along  this  line.  An  entirely 
new  part,  section  five,  comprising  six 
chapters  has  been  added  under  the 
heading  "Variation  of  Circuit  Con- 
stants." Under  this  heading  such 
phenomena  as  the  flattening  of  steep 
wave  fronts,  wave  decay  in  transmission 
lines,  etc.,  are  thoroughly  discussed.  In 
section  four  a  chapter  has  been  added 
on  the  relation  of  direct  current  and 
alternating  current  to  ^  the  general 
equations  of  the  electric  circuit.  A  new 
chapter  is  devoted  to  impulse  currents, 
that  is,  non-periodic  or  transient_  cur- 
rents. In  accordance  with  the  inter- 
national convention,  the  method  of  sym- 
bolic representation  has  been  changed 
from  the  time  diagram  to  the  crank 
diagram. 

-•"The  Petroleum  Handbook"— Stephen 
O.  Andros,  206  pages,  48  illustrations 
17  tables,  size  .;-l/4  by  7-S/8  inches. 
Published  by   Shaw    Publishing   Com- 
pany, 910  South  Michigan  Ave.,   Chi- 
cago,   Illinois.     Price    $2.00. 
This  book  will  be  helpful  to  those  de- 
siring   to    be    informed    concerning    the 
petroleum  industry.     The  initial  portion 
is   devoted   to   geological   principles   and 
theories,   followed  by  a   chapter  on   ex- 
ploration   for   oil   and   gas,   methods   of 
petroleum   refining,   natural   gas   and   its 
products,    method    of    marketing    petro- 
leum    products,     gasoline     specifications 
and   the   economic   utilization   of   petro- 
leum in  which  are  outlined  the  methods 
of  an  individual  corporation  in  refining 
crude    petroleum    and    distributing    the 
products  to  the  ultimate  consumer. 


G^t  BiggeiLP^ 


through 


BLECTmary 


concise,  to  the  point.  In  questions 
and  answers.  A  complete  standard 
I  IJectrical  Engineering. 


HAWKINS 
ELECTRICAL 
GUIDES 


-Alternating   Current    Motora  —  Transformers  ■ —  Con- 

-Rectifierg — Alteraating   Current  SyatcmB — Cir- 

Breakcrs — Measuring  Instruments — Switch    Boards 

—  Power  Staliona — Installine — Telephone — Telegraph— 

elcsa— Bella — Ughling — Railways 
trn  Practical  Applica 
vncr  Index  of  tb..>  10  numberq. 

Shipped  to  you  FREE.      Not  a  cent  to  paf  until  rou  se« 

the  books.   No  obligation  lo  buy  un!ess  you  are  satislied. 

nd  coupon  now — lodav— and  g?t  this  great  help  library 

not    worlh  $IG0  to  you— you  pay  $1.00  a 


onlh  for   1 


^^^^^  THEO    AUDEL  A  CO..  1% 

^        Electrical  Guides   ilYic*$l  r»ct)( 
Ship  at  once    prepaid    the  10  numbers    If 

Ten   dars  vid  to  ftul^er  mail  you  $1  «acta 
Jl  udUI  paid. 

^_,^ 

A    t.  J.H 

40 


THE   ELECTRIC  JOURNAL 


Vol.  XVII,  No.  II 


THE  CURB  MflRKET 


liPH«MMB^Q-S:E;>ft^lF^E^ 


w^ 


ILTRAXH 


mm^mm^^HBImmmMmmm 


COMPLETE  PLANTS  BOUGHT  AND  SOLD 

WE  HAVE  FOR  IMMEDIATE  DELIVERY 


S-Fhue,  220-440  Volt 

-500  hp.  Allis-Chalmera,     mill     type.     »oo 

r.p.m. 
-200hp.  Crocker-Wheeler,  117(J. 
-125-hp.    Crocker -Wheeler,    126    AQ,    690 

r.p.m. 
-100-hp.   Oenersl   Electric,  E-10,  TZOr.p.m. 
-100-hp.  Westinghouse,   870-r.p.Di. 
-100-hp.    Crocker    Wheeler.    85    R,    1750- 

r.p  m. 
-75-hp.    Lincoln,   C-14,    laOO-r.p.m. 
-60-hp.    Burke,    I-M,    1800-r.p.m. 
-76-hp.  Orocker-Wheeler,  126-Q,  575-r.p.m. 
-60  hp.     Crocker-Wheeler,      123AQ,      680 

r.p.m. 
-50  hp.  Weslinghonee,  CCL.,  720-r.p.in. 
-50-hp.     Allis-Chalmers,     8K.     690-r.p.m. 
-50-hp.   Orocker-Wheeler,   122Q,  665-r.p.m. 
-50-hp,      Crocker-Wheeler,      121Q,      1160- 

r.p.m. 
-50  hp.  Fsirbanks-MorBe,  BB,  1200-r.p.ni. 
-50-hp.  Fairbanks-Murse,  16A.  720-r.p.m 
-40-hp.  General  Electric,  KT,  1800-r.p.m. 
-40  hp.  Orocker-Wheoler,  12 IQ,  865r.p.m 
-40  hp.  Crocker-Wheeler,  122Q,  685r.p.m 
-85  hp.  Westinghouse  CL,  870-r.p.m. 
-35hp.   Crocker-Wheeler,    120Q,    850-r.p.m. 


3 — 30-hp.  Westinghouse,    C,    1150-r.p.m. 

5 — 30  hp.  Fairbanks-Morse,    12B,    1200-r.p.m. 

6 — 25-hp.  Crocker-Wheeler,      118-Q,      1150- 
r.p.m. 

3 — 25hp.  Crocker-Wheeler,   119Q,   850r.p.m. 

20 — 25-hp.  Fairbanks-Morse,    12A,    1200-r.p.m 

4 — 20-hp.  Fairbanks-Morse,    12B,    900r.p.m 

3 — 20hp.  Crocker-Wheeler,      117Q,      1140 
r.p.m 

3— 20-hp.  Crocker-Wheeler,      116Q,      173B 
r.p.m. 

5 — 15-hp.  Westinghouse  HF,  690-r.p.m. 

4 — 15-hp.  Western  Electric,   L-10,   685-r.p  m 

4 — 15-hp.  General  Electric,   K,   900-r.p.m. 

12 — 15-hp.  Crocker  Wheeler,      116Q,      1130 
r.p.m 

3 — 15-hp.  Fairbanks  Morse.    10  C.    lOO-r  p.m 

3 — 15-hp  Wagner.    BW,     1140-r.pm. 

3 — 20-hp.  Westinghouse,    08,    1160-r.p.m. 

2 — 25-hp.  General   Electric,   I,   900-r.p.m. 

30 — lOhp.  Crocker  Wheeler,      IISQ,      1180- 
r.p.m. 

7 — lO-hp.  Fairbanks-Morse.      10    B,      1200- 
r.p.m 

3 — lO-hp.  Allis-Ohalmers.    8K,    1780-r.p.m. 
14 — -IVzh-p.  Westinghonse,   08,  elevator,  980- 


3 — 7^4-hp.      Crocker  Wheeler,      117-g,      660 

r.p.m. 
2 — ll-hp.    Westinghouse   CI,   elevator,    1186 
r.p.m. 
15 — 5  hp.    Crocker  Wheeler,    105Q,    680-r.p.m. 
10 — 5-hp    Crocker-Wheeler,   113y,   1140-r.p.m. 

5 hp.    Westinghouse    CS,    1735  r.p.m. 

-3  hp.  Crocker-Wheeler,  lOug,  1140-r.p.m. 
-1500  hp.  Westinghouse,  1:34  r.p.m. 
I  —  1400-hp  Westinghouse.  505-r.p.m. 
— 700-hp  Westinghouse,  502-r.p.m. 
— 600-hp.  Westinghouse,  440-r.p.m. 
— 500-hp.  Lincoln. 
— 400  hp      Allis-Chalmers,     440-r.p.m.,     slip 

ring. 
— 300-hp.  Westinghouse  type  08,  680r.p.m. 
— 250-hp.     Allis-Chalmers,     440-r.p.m.,     slip 

ring. 
—  lOn-hp.   Orocker-Wheeler,    slip   ring,    720. 

r.p.m 
We   have   a   large   stock    of   smaller   sizes.    1. 
2    and    3  phase 
3 — hp.  Crocker- Wheeler.    114AQ,   690-r.p.m. 
15 — 3-hp.   Crocker  Wheeler,    lllQ.    liao-r.p.m. 
5 — 2-hp.   Orocker-Wheeler,    lllQ,    836-r.p.m. 
8 — 1-hp.   General  Electric,   KT,   1800-r.p.m. 
5 — 1-hp    Crocker-Wheeler,   104Q,   1710-r.p.m. 
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THE  RANGE  OF  CONDITIONS 

under  which  PELTON  HydrauHc  Turbines  are 
operating  is  very  nearly  as  wide  as  the  range  of 
hydroelectric  development  itself.  Units  now  under 
construction  in  the  PELTON  shops  will  increase 
the  range  of  unit  size  and  head,  as  they  are  designed 
to   meet  requirements  not  previously  attempted. 
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Since  the   early   days   of   alternating- 
current  machines,   efforts   have  been 
Oscillograph      ^^^.^^^  j^  ^^j  records  of  actual  wave 

shapes.  The  rotating  contact  maker,  which  momentarily 
connected  a  voltmeter  to  the  generator  at  a  controllable 
point  in  the  wave,  was  the  commonly  used  device 
twenty  years  ago.  B)-  this  means  a  sort  of  average  of  a 
number  of  successive  waves  was  obtained  but  the  result 
was  rather  crude.  Nothing  in  the  way  of  transient 
phenomena  could  be  investigated  by  such  a  device. 

The  original  refinement  of  the  galvanometer  to  en- 
able it  to  follow  individual  waves  and  transients  ac- 
curately up  to  an  ample  frequency  must  be  credited  to 
Duddell.  Cumbersome  as  the  earlier  oscillographs 
were,  they  permitted  the  obtaining  of  hitherto  in- 
accessible data  on  the  electric  circuit.  At  ])resent  no 
investigation  of  the  general  characteristics  of  an  elec- 
trical device  by  which  any  alteration  of  the  electromo- 
tive force  can  possibly  be  produced  is  complete  without 
the  taking  of  oscillograms. 

In  this  issue  Mr.  Joseph  W.  Legg  describes  some 
commercial  applications  of  a  new  design  of  portable 
oscillograph.  As  Mr.  Legg  shows,  one  of  the  impor- 
tant uses  for  the  oscillograph  is  the  investigation  of 
transient  phenomena,  such  as  the  closing  and  opening 
of  circuits,  the  effect  of  short-circuits  and  similar  dis- 
turbances. Portability  of  the  apparatus  and  its  self 
contained  character  are  of  obvious  convenience.  To 
any  one  who  has  had  to  operate  oscillographs  in  the 
past,  however,  a  noteworthy  feature  is  the  elimination 
of  the  arc  lamp  with  its  heat,  sputter  and  periodical  ad- 
justments, to  say  nothing  of  its  treacherous  disposition 
to  shift  its  arc,  and  fail  to  give  a  beam  from  the  mirror 
when  needed. 

This  feature  of  the  substitution  of  a  tungsten  fila- 
ment lamp  for  an  arc  is  a  decidedly  novel  and  conven- 
ient one  and  adds  greatly  to  the  reliability  of  the  device. 
The  expedient  of  impressing  on  the  lamp  a  voltage 
greatly  in  excess  of  normal  for  an  exceedingly  short 
period  and  thereby  obtaining  a  light  comparable  to  that 
of  an  arc  is  daring  and  ingenious.  The  beauty  of  it  is 
that  the  lamp  does  not  burn  out  until  thousands  of  ex- 
posures have  been  made. 

Another  indication  of  the  reliability  of  the  device 
is  that  Mr.  Legg  has  felt  it  safe  to  take  many  records 
at  distant  locations,  and  then  bring  his  films  and  appara- 
tus home  before  developing  to  see  the  results.  Numer- 
ous other  conveniences  for  use  in  the  field  are  described 
by  Mr.  Legg  which  show  that  as  the  demand  for  refined 
devices  becomes  more  pressing  it  is  met  by  improved 
designs.  R.  P.  Jackson 


Abnormal 
Motor 


An  article  on  the  "Eft'ect  of  X'oltage 
or  Frequency  Variation  on  Induction 
■^"j""'"'  Motor  Characteristics",    published  in 

the  Journal  for  March  1917,  proved 
so  useful  to  operators  of  industrial  motors  that  numer- 
ous requests  have  been  received  for  a  similar  article  on 
direct-current  motors.  Such  an  article,  by  Mr.  M.  S. 
Hancock,  is  presented  in  this  issue.  It  is  interesting 
to  compare  the  effect  of  a  change  in  voltage  on  an  in- 
duction motor  and  on  a  shunt  or  compound  motor;  and 
also  to  carry  the  tendencies  illustrated  by  Mr.  Hancock 
to  their  logical  limit,  and  see  what  effect  will  be  pro- 
duced by  an  extreme  change  in  voltage. 

Electrical  apparatus  is  capable  of  operating  under 
a  wide  range  of  conditions.  For  example  a  direct-cur- 
rent motor  will  operate  over  a  range  of  voltage,  from 
less  than  half  of  normal  up  to  a  considerable  overvolt- 
age.  To  be  sure  it  may  not  pull  as  much  load  as  it  was 
designed  for,  certain  parts  of  the  motor  will  tend  to 
overheat  and  the  operating  characteristics  in  general 
will  suffer  with  any  material  departure  from  rated  volt- 
age. Nevertheless  it  will  continue  to  run  and  pull  a 
fair  proportion  of  its  rated  load. 

Regular  operation  under  abnormal  conditions 
should  not  be  tolerated,  as  the  motor  is  apt  to  suffer 
permanent  damage,  yet  emergencies  sometimes  make  it 
desirable  to  know  just  how  far  it  is  safe  to  depart  from 
normal  operation  and  what  part  of  rated  load  a  motor 
can  carry  without  injury  at,  say,  a  materially  reduced 
voltage.  This  depends  to  a  considerable  extent  upon  the 
design  of  the  particular  motor,  as  some  motors  will 
stand  more  abuse  than  others.  The  general  trend  of 
changes  in  operating  characteristics  produced  by  ab- 
normal conditions  is,  however,  fairly  constant.  This 
trend  is  explained  fully  for  what  may  be  considered  a 
typical  average  industrial  motor  by  'Mr.  Hancock,  who 
has  plotted  cun'es  showing  the  general  eft'ect  of  a  20 
]>ercent  increase  or  decrease  of  \oltage  on  speed,  effi- 
ciency and  the  various  losses  in  the  motor. 

Twent)-  percent  probably  represents  as  wide  a 
variation  of  voltage  as  should  ordinarily  be  permitted 
for  anything  like  regular  operation ;  as  well  as  the  maxi- 
mum overvoltage  that  should  be  permitted  for  an  aver- 
age motor,  even  under  emergency  conditions.  The 
penalties  exacted  by  operation  under  e.xtreme  overvolt- 
ages — heating  of  field  coils,  possibility  of  flashing, 
mechanical  strains  produced  by  excessive  speed — are 
much  greater  than  tho.se  due  to  undervoltage,  which 
consist  merely  in  the  necessity  for  reducing  the  horse- 
power rating,  in  poorer  speed  regulation  and  in  slightly 
impaired  commutation.  Ciias.  R.  Rikf.r 
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in  Elocij'k  Traction  Service 


S.  W.  DUDLEY 

Chief  Engineer, 
W'estinghousc  Air  Brake  Company 


IT  HAS  been  well  said  that  the  fundamental  purpose 
of  a  railroad  is  to  save  time.  The  greater  the 
traffic  capacity  of  a  given  right-of-way  in  ton-miles 
or  passenger-miles  per  unit  of  time,  the  more  time  is 
saved  and  the  greater  the  value  of  the  service. 

Increased  traffic  capacity  can  be  secured  in  many 
ways.  A  vast  amount  of  engineering  consideration  has 
been  given  to  improving  power  plant,  transmission  and 
rolling  stock  equipment  and  to  securing  increased 
speeds,  capacity  or  number  of  cars.  But  high  speed, 
frequent  service,  and  large  capacity  units  bring  with 
them  penalties  as  well  as  premiums. 

The  maximum  traffic  capacity  results  when  the 
maximum  number  of  maximum  capacity  cars  are 
handled  at  a  maximum  speed.  Where  frequent  starts 
and  stops  are  to  be  made,  maximum  traffic  density 
would  be  obtained  if  the  acceleration  to  maximum  speed 
could  be  instantaneous  and  this  maximum  speed  held 
uniform  until  the  next  stop,  the  deceleration  then  being 
instantaneous. 

It  is  the  function  of  the  power  plant,  of  the  trans- 
mission line  and  of  the  motor  and  control  equipment 
to  approach,  as  nearly  as  niay  be  practicable,  the  ideal 
acceleration  and  running  characteristics.  Is  it  not  evi- 
dent then,  that  the  deceleration  or  braking  period  is 
equally  important?  The  brake,  therefore,  is  something 
more  than  a  safety  device,  necessary  for  protection 
against  emergencies.  It  is  as  truly  a  high  speed,  maxi- 
mum traffic  device  as  the  motors  or  the  power  station, 
and  its  functions  in  this  direction,  though  perhaps  less 
vital  than  its  safety  features,  are  more  directly  influen- 
tial in  building  up  the  traffic  capacity  of  a  railroad 
property. 

A  heavy  city  car,  running  at  25  miles  per  hour  on 
a  level  tangent  might  drift  for  a  mile  before  coming  to 
.T  stop,  if  no  brakes  were  available.  Would  any  rail- 
road care  to  compile  its  schedules  or  provide  its  claim 
department  with  data  on  the  basis  of  such  a  braking 
distance?  Until  the  ability  to  slop  is  assured,  the  un- 
wisdom of  starting  is  obvious.  The  power  plant,  trans- 
n:ission,  road  bed  and  rolling  stock  are  sources  of 
clanger  rather  than  sources  of  dividends,  unless  means 
are  provided  for  the  adequate  control  of  the  car  after 
it  is  in  motion. 

How,  then,  has  it  happened  that  the  brake  has 
attracted  relatively  so  little  engineering  attention  on  the 
jiart  of  its  users?  Is  it  because  of  its  humble  position, 
its  severely  plain  lines,  its  lack  of  display,  its  compara- 
tive freedom  from  the  effects  of  external  and  internal 
disturbances?     Possibly — but   perhaps    chiefly   because 


♦Revised  by  the  author  from  papers  presented  before  the 
Baltimore  Section.  A.  I.  E.  K.  and  The  Westinghouse  Club. 


of  its  ruggedness,  its  "overload  capacity"  and  the  fact 
that  it  has  always  approached  much  more  nearly  i:o  its 
ideal  of  zero  deceleration  time  than  the  ideal  zero  ac- 
c deration  time  has  ever  been  approached.  For  example, 
in  subway  service  an  acceleration  rate  of  2  miles  per 
hour  per  second  average  up  to  30  miles  per  hour  would 
be  remarkable,  whereas  braking  rates  of  2.5  miles  per 
hour  per  second  are  common  for  ordinary  station  stops 
and  3.5  miles  per  hour  per  second  for  emergency  stops. 

A  consideration  of  all  that  is  involved  in  the  f;cts 
herein  referred  to  justifies  the  statement  that,  from  die 
standpoint  of  convenience,  promptness,  economy  nu 
safety  in  the  handling  of  traffic — and  these  are  the  ele- 
ments vital  to  the  success  of  any  transportation  l-usi- 
ness — the  brake  is  the  most  vital  factor  in  the  problem 
of  transportation.  It  permits  the  utilization  of  existing 
motors,  rolling  stock  and  track  to  their  maximum  ca- 
pacities and  makes  practicable  and  profitable  the  adop- 
tion of  improvements  in  these  directions  that  otherwise 
could  not  be  justified. 

The  air  brake  has  performed  a  part  in  the  develop- 
ment of  transportation  in  this  and  foreign  countries 
which,  with  the  exception  of  the  locomotive,  is  un- 
cqualed  by  any  other  mechanical  appliance.  Without 
it,  the  modern  locomotive  would  be  uncalled  for,  the 
present  high  speeds  would  be  impossible,  and  the  hand- 
Img  of  freight  trains  of  even  one-third  the  present 
length  and  capacity  would  be  impracticable. 

Fortunately  it  has  been  found  possible  to  pro\ide 
rugged  and  automatic  apparatus,  adequate  for  this  ser- 
vice and  capable  of  doing  its  duty  while  the  engineer 
pays  attention  to  other  matters  not  so  well  able  to  take 
care  of  themselves. 

This  is  as  it  should  be.  Just  so  far  as  a  device  is 
capable  of  the  continued  efficient  performance  of  its  in- 
tended functions,  without  attention  on  the  part  of  the 
user,  so  far  is  it  free  from  the  variables  of  the  human 
element. 

But  there  are  some  distinctions,  some  fimitations, 
some  ranges  of  capacity  and  some  obligations  which 
must  not  be  overlooked  by  the  engineer  who  has  occa- 
sion to  consider  the  brake  as  a  whole,  or  in  any  detail, 
in  its  bearing  upon  a  transportation  problem. 

For  example,  the  terms  "brake"  and  "air  brake" 
are  often  confused.  It  is  sometimes  presumed  that  be- 
cause a  car  is  fitted  with  a  brake  valve,  or  a  triple  valve, 
01  an  air  compressor,  it  is  thereby  provided  with  a  com- 
plete, effective  and  adequate  brake.  A  moment's  con- 
sideration will  show  that  these,  while  necessary  condi- 
tions, are  not  sufficient.  A  brake  valve  without  any 
supply  of  compressed  air  would  be  useless.  A  triple 
valve  on  a  car  without  brake  shoes  or  a  complete  brake 
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installation  on  a  car  running  on  rails  of  ice  would  be 
powerless  to  control  the  car. 

In  other  words,  a  brake  is  not  complete  until  it  in- 
cludes the  means  for  creating,  controlling  an'cT  utilizing 
the  primary  source  of  retardation,  be  it  the  force  of 
compressed  air  or  otherwise,  so  that  it  can  retard  or 
stop  the  movement  of  the  vehicles.  The  failure  of  any 
one  of  the  elements  in  the  complete  system,  from  the 
air  compressor  to  the  rail  upon  which  the  car  runs,  to 
contribute  its  proper  share  in  the  final  result,  will  corre- 
spondingly lower  or  destroy  the  effectiveness  of  the  sys- 
tem as  a  whole.  The  part  played  by  the  more  obvious 
elements,  such  as  the  brake  valve,  triple  valve  or 
brake  cylinder,  is  readily  recog^iized,  while  equally  im- 
portant but  less  obvious  elements  such  as  the  brake  rig- 
gmg,  the  brake  shoe  or  the  rail  are  often  overlooked. 

The  elements  comprehended  in  the  term  "brake" 
involve  so  many  important  considerations  that  some  re- 
strictions and  eliminations  are  necessary.  Let  us  then 
bmit  this  review,  to  the  air  brake  proper  and  further 
lo  a  brief  survey  of  the  typical  air  brake  equipments 


Compressor  Governing  Systems  are  of  two  kinds, 
according  to  whether  the  cars  always  run  singly  or  in 
multiple-unit.  For  strictly  single-unit,  single-com- 
pressor service  a  governor,  consisting  of  a  switch  por- 
tion, suitable  for  opening  and  closing  the  circuit  to  the 
compressor  motor  and  a  pneumatic  portion  for  opening 
this  switch  at  a  predetermined  maximum  and  closing  it 
at  a  predetermined  minimum  main  reservoir  pressure, 
is  sufficient. 

For  multiple-unit  service,  or  where  two  com- 
pressors are  used  on  a  single  vehicle,  the  maximum 
compressor  capacity  and  the  most  uniform  division  of 
the  labor  of  compressing  the  air  required  are  secured 
when  all  the  compressors  are  caused  to  operate  simul- 
taneously and  deliver  into  a  common  main  reservoir 
system.  The  main  reservoir  systems  on  each  vehicle 
are  connected  by  a  main  reservoir  pipe  running  the 
length  of  the  train.  Each  compressor  is  controlled  by 
an  electropneumatic  compressor  switch,  consisting  of  a 
switch  portion  operated  by  compressed  air,  as  above 
mentioned,  except  in  this  case  controlled  by  a  magnet 


Class  e.2  o  locomotiue 
total  weight  qf  train  559  6  tons 

acceleration  distance  of  18500  feet 

time  of  acceleration  5  min  47  sec 

deceleration  distance  of  954  feet 

time  of  deceleration  18.7  sec. 


TOTAL  ENERGY  STORED  IN  TRAIN  AND  OVERCOME  BY  BRAKE  63250  FOOT  TONS 
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I  Fin.    I — THE  RE.^SON    FOR  A   BR.\KE 

The  broken  line  represents  a  stop  without  the  use  of  brakes  and  was  calculated  by  assuming 
9.6  pounds  per  ton  retardation  due  to  wind  resistance  and  journal  friction  on  a  level  track.  This 
curve  shows  that  it  took  the  train  resistance  nearly  six  minutes,  and  a  distance  of  about  three 
and  a  half  miles  to  accomplish  what  the  brakes  accomplished  in  less  than  twenty  seconds  and 
within  a  distance  of  about  one  thousand  feet. 


which  have  been  developed  to  meet  the  requirements  of 

the  distinctive  classes  of  electric  traction  service,  viz : — 

I — Light  City  Service — Single  car  or  motor  and  trailer. 

II — Heavy  City  and  Interurban  Service— Single  car  or 

short  train. 

Ill — Subway,  Elevated  and   Suburban   Service — Rapid 

transit  train,  rarely  single  car. 
IV — Electric   Locomotive   Service — Single   or  multiple- 
unit. 
Just    as    different   motor   and    control    equipments 
would  be  required  to  meet  the  needs  of  these  different 
classes  of  service,  so  also  the  braking  requirements  of 
each  class  differ. 

The  air  compressor,  compressor  governor,  main 
reservoir  and  cooling  pipe  are  common  to  all  types  of 
air  brake  equipments ;  while  not  always  the  same  in 
type,  their  variation  is  along  somewhat  different  lines 
than  the  classes  of  brake  equipments. 

Air  Compressors  of  various  sizes  and  types  are 
used,  according  to  the  quantity  and  pressure  of  com- 
pressed air  to  be  supplied,  the  type  of  drive  to  be  em- 
ployed, the  installation  conditions  and  so  on.  Except 
with  respect  to  the  compressed  air  requirements,  the 
compressor  characteristics  are  only  indirectly  related  to 
the  air  brake  proper. 


valve.  The  magnets  of  each  compressor  switch  are 
connected  in  parallel  between  a  common  return  (or 
ground)  and  a  "synchronizing"  wire  running  through- 
out the  train,  to  which  the  governor  on  each  car  is  con- 
nected. The  operation  of  the  pneumatic  regulating 
portion  of  any  one  governor  in  accordance  with  the 
main  reservoir  pressure,  will  cause  its  switch  to  make 
or  break  the  connection  between  the  source  of  elec- 
trical energy  and  the  "synchronizing"  wire  and  so 
actuate  all  the  compressor  switches  simultaneously  and 
synchronize  the  operation  of  all  the  compressors. 
Thus,  the  labor  of  supplying  the  total  quantity  of  com- 
pressed air  required  is  divided  among  all  the  com- 
pressors in  the  train,  according  to  their  several  effi- 
ciencies, the  main  reservoir  pressures  are  equalized 
throughout  the  train  and  the  advantages  of  a  single 
governor  control  for  all  the  compressors  in  the  train 
are  secured. 

The  Main  Reservoir  and  Cooling  Pipe  systems 
vary  in  size  and  arrangement  according  to  the  installa- 
tion conditions.  It  is  common  practice  to  divide  the 
total  reservoir  volume  on  each  vehicle  into  two  reser- 
voirs  for  convenience  and   better  cooling  effect,  with 
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ladialiiig  pipe  belvveeii  the  comi)ressor  and  first  reser-      But  when  an  emergency  appHcalion  is  made,  or 


voir  and  between  the  two  reservoirs.  Within  practical 
Hmits,  the  larger  the  radiating  pipe,  the  better,  both  for 
dissipating  the  heat  of  compression  and  depositing  the 
moisture  in  the  compressed  air  before  it  enters  the  air 
brake  systems  and  for  preventing  stoppage  by  frost  and 
ice  in  extremely  cold  weather. 

Coming  now  to  the  air  brake  equipment  proper, 
ihe  various  types  and  their  operative  features  are 
grouped  according  to  the  four  classes  of  service  above 
mentioned. 

LICIIT  CITY  SICKVICK — SINGI.i:  CAK  OU  MOTOR  AND  TRAILER 

I'or  such  service  the  brake  must  be  flexible,  prompt 
in  action,  light  and  low  in  cost.  Safety  is  a  require- 
ment that  is  taken  for  granted  in  all  cases. 


194  Toffi  Cacm  Anp  to  f^>CAjp  VCKiMMd  73  low  Cach  ftjOM  A  3rc€ff  Or  i 
*f^»   '3  Svff'CiCNT  To  Ur^  A  Wcmnr  Or  I  Tin  Oven  43  MiLfi- 


bursts  or  hose  becomes  uncoupled,  the  emergency 
loves   so  as   to   close   the   connection    from   the 


I  pipe 
valve 
brake 


T^L  Cho^^  Pii^/>*rcp  k  ^rorrwti  TUc  ^^jw  MarioNcff  Aao%z  Mvw  ^/at 
7J7  Tofu  To  Tk  Tor  Orfk  Out^a^  DotLOift^  Ofl  Fr  Woulp  fjm  Omc  Or  THr  LA^iC  ^tc^l 
^rntrr  C/Mjs  Or  mc  PtmoutKri  /^vhkaks  Co  fbl^6  HootpQ\  fu\A  Pt^r^^ncc  Of 

FIG.    2 — WHAT   THF.   )il!AKF.    HAS    TO   DO 

The  Sira'ujht  A\r  Bnikc  has  been  and  is  still  used 
for  this  service.  With  this  brake,  the  compressed  air 
is  admitted  from  the  main  reservoirs  through  the 
inotorman's  brake  valve  to  the  pipe  leading  directly  to 
the  brake  cylinder.  While  it,  therefore,  possesses  the 
features  of  flexibility  and  simplicity  to  a  maximum 
degree,  it  is  not  a  safe  brake  in  the  sense  that  a  brake 
with  automatic  features  is  safe,  that  is,  a  broken  pipe 
or  uncoupled  hose  will  result  in  the  loss  of  or  the  in- 
abilit)'  to  apply  the  brake. 

The  Sctiii-.luloinatic  Brake  was  devised  to  retain 
the  simplicity  and  flexibility  of  the  straight  air  brake 
and  at  the  same  time  secure  the  protection  and  safety 
features  of  an  automatic  brake  in  case  of  accident  to 
the  piping.  The  ordinary  service  application  and  re- 
lease of  the  brakes  is  the  same  as  with  straight  air  ex- 
cept that  the  air  on  its  way  from  the  motorman's  brake 
valve  to  the  brake  cylinder  passes  through  a  device 
called  an  emergency  valve.  This  emergency  valve  is 
inoperative  during  a  ser\ice  application  of  the  brakes. 


^  ^or/ny    m    ncfto     tunc 
of    brutte     rtitaM 


OH     OND    f^zirasr     f^taNS    w    tuc    ofrffaT,oN     or    r^ni^ 


Fir,.    3 — TIME   SAVING   DUE  TO   REFI.EX    TIME 

A  more  effective  and  responsive  brake  permits  maximum 
(or  drifting)  speed  to  be  maintained  for  a  longer  time  before 
applying  the  lirakc  (application  reflex  time)  and  a  more  prompt 
withdrawal  of  the  retarding  force  when  releasing  (release 
rtllex  time),  thus  culminating  in  a  materially  greater  time 
difference  to  regain  maximnm  speed  after  a  slow  down  than 
ii;dicated  by  the  direct  time  differences  (reflex  times)  char- 
acteristic of  the  two  brake  equipments. 

valve  to  the  brake  cylinder  and  let  the  main  reservoir 

air  directly  into  the  brake  cylinder. 

Two   general   types  of   the   semi-automatic  brakes 

are  in  common  use,  one  for  single  car  or  motor  trailer 

service,  the  other  for  motor  cars  running  singly  or  in 

two  car  multiple-unit  trains. 

Mv  JS/f/f  ffflPiD  T/fdNOir  ConnnifisoN      . 
1306  (Pri)  ►•J    i9ie  (fiflue-rsL). 


l^ximum    Speed-  ri.F:H. 
FIG.   4 — VARIATION  OF  TRAFFIC    ACCELERATION   WITH    SI'EED   AND 
STATION    SI'.\CING 

Modern  train  control  iqiiipment  permits  an  increase  of  .so 
percent  in  the  ninnber  of  longer  trains  it  is  possible  to  intro- 
duce into  operation  in  a  certain  period  of  time,  and  the  in- 
troduction of  350  percent  more  trallic  handling  facilities  at  a 
certain  point  than  was  possible  in  1906. 

For  motor  or  motor  trailer  service,  the  admission 
of  air  to  and  exhaust  of  air  from  the  brake  cylinders 
in    ordinary    operation    is    directly    controlled    bv    the 
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motorman's  brake  valve,  as  in  ordinary  straight  air  op- 
eration. For  trains  of  two  motor  cars,  each  car  supply- 
ing its  own  compressed  air  for  braking  purposes,  a  re- 
lay valve  is  interposed  between  the  brake  cylinders  and 
the  pipe  connecting  to  the  motorman's  brake  valve. 
This  relay  valve  controls  directly  the  admission  of 
compressed  air  from  the  main  reservoir  on  each  car  to 
the  brake  cylinder  to  apply  the  brakes  and  the  exhaust 
of  air  from  the  cylinders  to  the  atmosphere  when  re- 
leasing. The  control  of  the  relay  valves  on  each  car  is 
from  the  motorman's  brake  valve  in  a  manner  similar 
to  the  system  previously  described. 

In  this  way  the  compressed  air  required  for  mak- 
ing purposes  on  each  motor  car  is  furnished  by  its  own 
air  compressor  and  thus  appro.ximately  uniform  com- 
pressor   operation    is    secured    Viithout    the    use    of    a 


tion,  is  constantly  subject  to  one  omnipresent  general 
manager — the  man  on  the  curbstone  waiting  for  his  car. 
How  does  he  function?  He  wants  a  car,  wants  it 
right  now,  wants  it  to  carry  him,  comfortably  seated  if 
fortune  is  kind,  but  at  all  events,  carry  him  faster  and 
more  cheaply  and  conveniently  than  he  could  otherwise 
travel,  and  above  all  else  intact  to  his  destination.  On 
every  street  corner  one,  two  or  a  half  dozen  prospective 
patrons  collect,  not  at  stated  intervals  in  conformity  to 
a  fixed  schedule,  but  hit  and  miss,  with  no  time  to 
waste,  and  read}'  to  walk  or  jump  into  a  passing  jitney 
if  either  is  quicker  than  to  wait  for  the  car  that  may  be 
coming  by  and  by. 

A  realization  that  the  harvest  thus  ready  at  hand 
v.'ouId  surely  be  reaped  by  anyone  providing  the  con- 
venient service  demanded,  led  to  the  conception  of  a 


.BAU-WAY_TXNDER     BRAKE^iaS.O)  "Al! 


RAILWAY  WAGON     BRAKE    1831. 


RAILWAY    WAGON     BkAKl  J829^ 


RAILWAY    CAftRIAoE    3R 
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governor  synchronizing  S3'stem.  The  brake  cylinder 
pressure  is  maintained  against  leakage  and  is  uniform 
on  all  cars,  independent  of  piston  travel  and,  most  im- 
portant, a  higher  braking  force  is  obtained  in  emergency 
than  can  be  obtained  in  service  applications,  thus  mak- 
ing it  possible  in  case  of  danger  for  the  motorman  to 
stop  his  car  more  quickly  than  originally  intended. 
This  materially  increases  the  safety  factor  of  the  equip- 
ment. 

The  Safety  Car  or  One-Ma)!  Car  service,  recently 
inaugurated  with  such  marked  success  throughout  the 
country,  has  required  the  combination  of  several  in- 
genious safety  features  with  the  "direct  type"  of  semi- 
automatic brake  and  deserves  more  than  passing  men- 
tion. 

In  cities  and  towns,  the  particular  business  of  a 
street   railway,   viz.,   quick   and   convenient   transporta- 


number  of  small  light-weight  cars  running  at  intervals, 
variable  at  different  times  durin.'j  the  day,  as  the  traffic 
might  demand. 

By  thus  providing  frec|uent.  convenient  and  r:'pid 
transit  facilities,  the  first  demand  of  the  man  on  the 
curbstone  was  satisfied.  Conse(|uently  he  more  fre- 
(iuenllv  took  the  convenient  car,  where  before  he  walked 
his  two  or  ten  blocks  or  junqied  into  a  jitney.  By  using 
onlv  one  man  to  operate  the  car,  collect  fares  and  so 
f  n,  the  platform  expense  was  halved  and  by  the  result- 
ing material  increase  in  the  ratio  of  average  earnings 
to  average  energy  consumption  and  operating  and  main- 
tenance expense,  the  investors'  interests,  as  well  as 
tho,se  of  the  man  on  the  curbstone,  were  satisfied.  By 
the  very  nature  of  the  service,  many  more  cars  w-ould  be 
required  to  operate  at  certain  times  of  the  day  than  ever 
before,  so  the  use  of  one  instead  of  two'men  per  car  did 
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not  reduce,  but  rather  increased  the  number  of  jobs  to 
be  filled.  Thus  the  interests  of  the  employees  v;ere 
satisfied.  One  further  requirement  remained,  the  sub- 
conscious but  very  real  desire  of  the  man  on  the  curb- 
stone to  reach  his  destination  in  safety. 

While,  in  his  eagerness  to  "get  there",  he  may  take 
safety  for  granted,  society  through  regularly  appointed 
channels  may  intercede  in  his  behalf  with  certain  regu- 
lations safeguarding  traffic;  in  accordance  with  which 
the  proposed  service,  in  order  to  be,  must  be  safe.  By 
tlip  Hfirlitinii  of  rcftain  safety  and  protective  devices  to 


inents,  so  that  while  the  brakes  are  held  applied  during 
a  stop,  or  while  the  car  remains  standing,  the  removal 
of  the  operator's  hand  from  the  controller  handle  does 
not  apply  the  brakes  or  throw  out  the  circuit  breaker. 
For  the  convenience  and  comfort  of  the  operator,  a 
foot  valve  is  provided  whereby  he  may  prevent  the 
automatic  application  of  the  brakes  and  throwing  out 
of  the  breaker,  so  long  as  he  continues  to  press  down  on 
the  foot  valve. 

The  control  of  the  doors  and  of  the  sanders  for 
ordinary  service  stops  is  incorporated  in  the  brake 
valve.  The  sanders  can  be  operated  in  any  position  of 
the  brake  valve  handle.  Sand  is  applied  to  the  rails 
automatically  by  the  emergency  valve,  when  an 
emergency  application  is  made.  Only  two  handles,  the 
brake  valve  and  the  controller  handles,  are  therefore 


FIG.    7 — WESTINGHOUSF.   STRAIGHT   AIR   BRAKE,   INTRODUCED   IN    l860 

Compressed  air  was  admitted  from  the  main  reservoir  through  the 
engineer's  valve  to  the  pipe  leading  directly  to  the  brake  cylinders  on 
each  car  in  the  train. 


This  brake  consisted  of  a  large  spiral  spring 
attached  to  the  brake  shaft,  at  the  end  of 
the  car,  wound  up  by  the  brakcman  immedi- 
ately after  leaving  a  station.  Attached  to 
the  mechanism  was  a  cord  which  ran 
through  the  train  to  the  engineer's  cab. 
When  the  engineer  pulled  the  cord,  the  coil 
springs  on  each  vehicle  were  released,  and 
wound  up  chains  loading  to  the  foundation 
brake  gear,  thereby  bringing  the  brake  shoes 
against  the  wheels. 


riG.  8 — WESTINGHOrsi,   IIAIX   AllnMAIU;  Alii  IIRAKK,  INTRODUCED  IN    1872 

Any  material  depletion,  from  any  cause,  of  the  brake  pipe  pressure, 
either  at  the  will  of  the  engineer,  by  hose  parting,  leakage,  or  at  the 
instance  of  the  train  crew,  resulted  in  an  application  of  the  brakes. 
This  was  accomplished  through  the  medium  of  a  valve  device  called  a 
"triple  valve,"  and  an  auxiliary  storage  reservoir,  which  were  added  to 
the   hrake  cylinder  on   each  car. 


the  semi-automatic  air  brake,  and  by  interlocking  the 
brake  with  the  controller,  the  circuit  breaker,  the 
Sander,  the  doors,  and  the  motorman  himself,  this  final 
and  critical  requirement  has  been  satisfied. 

The  safety  car  operated  by  one  man  affords  the 
passenger  more  protection  than  the  larger  and  heavier 
car  operated  by  two  men.  First,  the  operator  cannot 
leave  his  post  without  applying  the  brakes.  In  the 
event  of  impending  danger,  or  if  the  operator  is  in- 
capacitated or  if,  for  any  reason,  he  removes  his  hand 
from  the  controller  handle  without  previously  having 
the  car  under  control,  the  power  is  automatically  cut 
off,  the  track  is  sanded  and  the  doors  are  unlatched 
ready  to  be  opened,  the  brake  applied  in  emergency  and 
the  car  is  stopped. 

The  brake  valve  and  coTitroller  handles  are  inter- 
locked indirectly;  through  the  automatic  safety  attach- 


,  required  for  the  complete  control  of  the  car  and  all  of 
its  operative  devices.  These  safety  features  and  con- 
veniences are  additions  to  the  standard  types  of  con- 
troller and  brake  equipments,  so  tliat  the  familiarity  al- 
ready acquired  in  their  operation  does  not  lose  in  value. 

With  the  higher  rates  of  acceleration  and  decelera- 
tion, and  with  the  greater  frequency  of  service  per- 
mitted by  the  safety  car  (which  are  impractical  with 
the  larger  cars)  faster  schedules  can  be  maintained  and 
more  satisfactor}'  serv'ice  rendered ;  thus  increased 
revenues  result  through  the  increased  traffic  attracted. 
For  example,  in  the  first  five  days  operation  of  safety 
cars  on  a  line  in  a  Southern  State,  hauling  about  8700 
passengers  per  day,  the  records  show  that: — 

/ — The  average  earnings  per  day  increased  32.7  percent, 

of  which  about  5  percent  ^\■as  taken  from  competing  lines. 
z — The  energy  decreased  from  3100  to  1650  kw-hr.  per 

day;  47  percent  saving. 
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3 — The  car-miles  (scheduled)  increased  from  I295  to 
1700  per  day;  31.3  percent. 

4 — The  car-hours  (scheduled)  increased  from  153  to 
179  per  day;  17  percent. 

5 — The  scheduled  speed  increased  from  8.46  to  9.50 
miles  per  hour;  12.3  percent. 

6 — Total  passengers  per  car-mile,  on  corresponding 
days,  5.27  with  12-bench  open  cars  and  5.16  with  safety  cars, 
which  is  practically  the  same  number  of  passengers  per  car- 
mile  at  the  reduced  operating  costs  and  increased  service 
capacity  noted  above. 

II — HEAVY  CITY  AND  INTERURBAN   SERVICE .SINGLE  CAR 

OR  SHORT  TRAIN 

On  electric  roads  connecting  the  business  and  lesi- 
dential  areas  of  cities  or  running  betw^een  centers  and 


FIG.    9 — THE    WESTINGHOUSE    QUICK    ACTION     AUTOMATIC     BRAKE,     INTRODUCEB 

IN    1887 

With  the  plain  automatic  air  brake,  the  brake  pipe  reduction  took 
place  at  only  one  point  in  the  train.  With  the  quick  action  automatic 
brakes,  in  emergency,  air  is  automatically  vented  from  the  brake  pipe  on 
each  car.  This  reduction  is  transmitted  serially  throughout  the  train, 
thereby  reducing  the  time  of  full  application  and  the  length  of  stop. 

suburbs,  or  passing  through  several  towns,  single  car 
operation  is  likely  to  predominate,  with  occasional  train 
operation.     The  flexibility  and  prompt  response  of  the 
straight  air  brake  is  especially  suited  to  single  car  ser- 
vice but  it  does  not  provide  any  automatic  safety  fea- 
ture.       Furthermore, 
when   more  than  two 
cars    are    coupled  to- 
gether   to    run    as    a 
multiple-unit    t  r  a  in  , 
the  straight  airbrake, 
even    with    the    auto- 
matic emergency  fea- 
tures, becomes  unsat- 
isfactory,  because   of 
the    time    element    in 
application     and     re- 
lease.    For  both  rea- 
sons    the     automatic 
type   of  brake   is   re- 
quired for  train  ser- 
vice. 

The  brake  for 
such  service  should, 
therefore,    permit  the 

control  of  single  cars  with  all  of  the  protection 
of  an  automatic  brake,  but  with  the  flexibility  of 
manipulation  of  the  straight  air  brake  and  should  pro- 
vide an  automatic  control  for  train  operation  with  a 
minimum  of  readjustment.  The  brake  developed  to 
meet  these  requirements  provides  for  the  flexible,  con- 
venient "straight  air"  service  operation  on  a  single  car 


(or  on  the  head  car  of  a  train,  if  desired)  entirely  inde- 
pendent of  the  automatic  features,  which  are  held  in 
reserve  during  "straight  air"  operation,  ready  to  func- 
tion with  full  effectiveness  in  case  of  need.  The  posi- 
tions of  the  brake  valve  handle  for  securing  this  con- 
trol are  between  the  release  and  lap  positions  of  the 
automatic  brake  control,  making  it  convenient  for  the 
motorman  to  use  either  the  automatic  brake  for  train, 
or  the  straight  air  for  single  car  service,  according  to 
circumstances. 

The  primary  function  of  the  brake  equipment  for 
this,  as  for  any  train  service,  is  to  apply  automatically, 
in  case  of  burst  hose,  broken  pipe,  opening  of 
a    conductor's   valve   and   so   on.     While   the 
service  application  and  release  is  limited  to  a 
predetermined  safe  and  suitable  maximum  for 
ordinary  conditions,  approximately  30  percent 
higher    brake    cylinder   pressure    can    be    ob- 
tained in  emergency  applications,  in  one-third 
the  time,  and  it  is  then  maintained,  without 
reduction  and  against  loss  by  leakage,  up  to 
the    capacity    of    the    compressor.      Further- 
more,  this   maximum   maintained   emergency 
brake  cylinder  pressure  is  insured,  regardless 
of  the  conditions  of  the  triple  valve,  by  being 
controlled    directly    through    the    motorman's 
brake  valve. 
Another  important  safety  feature  is  the  abilitv  to 
recharge  the  brake  system  as  prom.ptly  as  the  brakes  are 
released.     This  means  that  the  brakes  are  ready  for  im- 
P'ediate  re-application  to   full   effectiveness  in  case  of 
sudden    need.      The    same    means    which    permit    this 


FIG.    10 — STRAIGHT  AIR   BRAKE 

Standard  for  low  speed  city  service. 


prompt  recharging  also  permit  the  brakes  to  be  released 
in  a  series  of  steps  or  graduations — an  operation  of 
great  assistance  in  making  quick  stops  smoothly  and 
■accurately,  but  not  possible  with  the  ordinary  plain 
automatic  brake. 

The  plain  triple  valve  (which  has  no  quick  serial 
emergency  action)   is  used  instead  of  the  quick  action 
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triple  valve,  because  on  such  short  trains,  not  exceed-  for  a  given  brake  shoe   (and  brake  cylinder)   pressure, 

ing  five  cars,  the  effect  of  the  brake  valve  venting  the  v\hich    invariably    occurs    when    the    speed    decreases 

brake  pipe  to  the  atmosphere  is  sufficient  to  produce  below  25  miles  per  hour,  although  considerable,  either 

substantiallv  as  ([uick  and   simultaneous  action  of  the  does  not  become  high  enough   to  cause  the  wheels  to 


SEMI-AUTOMATIC    F.OUIPMEXT-TVPE    D    EMERGENCY    VALVE 

hows   llio   i(iiiipmoiit    l'< 


Standard   for  single  car  and  two-motor  car  train  service.     The   top   view 
car  and  the  bottom  view  for  the  trailer. 


r   the   motor 


brakes  on  all   the  cars  in  llic  train   wilh   i)lain  as   with      slide  at  all  or  not  until  so  near  the  stopping  ]ioint  that 

quick  action  triple  valves  which  vent  the  air  "from  the     what  sliding  does  occur  is  not  detrimental. 

brake  pipe,  serially,  on  each  car.     In  emergency  appli-  A  significant  fact  in  this  connection  is  often  not 

cation,  not  only  is  30  percent  higher  emergency  brake     fully  appreciated.     It  is  better  to  take  advantage  of  the 

cylinder  pressure  obtained  in  about  one-third  the  time     maximum    possible     retarding    force    throughout    the 

of  a  service  application,  but  this  high  cylinder  pressure     major  ])ortion  of  an   emergency   stop  and   risk  sliding 

is  held  without  reduction  until  a  release  is  made.     This     the  wheels  tor  the  last  ten  or  twenty  feet,  than  to  pro- 

a'  first  a])pears  contrary  to  the  princii)les  established  by 

the   Galton   Westinghouse   brake   trials    in    England   in 

i(S78-i879  to  the  eft'ect  that,  as  the  speed  of  a  train  is 

diminished  by  continued  brake  action,  the  effectiveness 

of  a  given  brake  shoe  pressure  gradually  increases,  due 

to  the  coefficient  of  brake  shoe  friction  increasing  with 

decreasing    speed.      This    principle    remains    as    firmh 

established,  today  as  when  first  demonstrated.     But  it  is 

found  that  with  the  emergency  braking  percentages  of 

125  to  150  iiercent  maximum  in  modern  practice,   (as 

com[)ared    with    the   200   to   300   percent   used    in    the 

Galton  Westinghouse  trials)   and  the  amount  of  work 

cone  per  unit  of  brake  shoe  bearing  area,  the  abrasion 

and  heating  of  the  brake  shoe  surface  is  such  that  the     liortion  the  braking  force  so  that  the  wheels  will  not 

coefficient  of  friction  remains  substantially  constant  for     slide  at  all,  even  on  a  bad  rail,  which  may  mean  a  coUi- 

the  major  portion  of  the  stop.     The  increase  in  cceffi-     sion  when  a  safe  stop  could  otherwise  have  been  made. 

cient  of    friction   and   consequently   in   retarding   force     For  these  reasons,  it  has  been  found  both  desirable  and 


KIC.    12 — I"M   1.1  1     I   \p     i,iM>iK    I    Mi    AMI    IHil  III.K    HECK    CENTEK 
ENTRANCE    TRAILER    CAR    OF    THE    NEW    YORK    RAILWAYS    COMPANY 

Equipped  with   semi-automatic  equipment   shown   in   Fig.   11. 
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TRAILER  CAR 
FIG.    13 — KEATHF.KWKK'.HT    EQUIPMENT 

Adaptable   for  changing  over  existing   form?  of  straight  air  brake   equipment,   with   minimum  change,  to 


inchtde  the  automatic   featur 
for  the  trailer. 


The  top  view  shows   the  e(iuipment   for  the  motor  car  and  the  bottom  vievv 


yu;.    14 — DOUBLE  END   S.\FETY  CAR  BRAKE  AND   CONTROL  EQUIPMENT 

Comprising  automatic  apparatus,  adapted  especially  for  one-man  operation,  arranged  and  interlocked  so 
as  to  provide  maximum  safety  as  well  as  extreme  ease  and  convenience  of  control  of  light  weight  cars  oper- 
ated singl)'  in  city  surface  line  service. 
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AND    STRAIGHT   AIR    CONTROL,     WITH     REDUCTION     LIMITING     FEATURE    AND     GOVERNOR 
SYNCHRONIZING  SYSTEM 

For  single  cars  or  trains  up  to  five  cars  in  length,  operating  in  both  city  and  high-speed  suburban  and  inter- 
inl)aii  service.    The  top  view  shows  the  equipment  for  the  motor  car  and  the  bottom  view  for  the  trailer. 

feasible  to  hold  the  maximum  braking  force  obtainable     transmission  is  so  nearly  instantaneous  that  the  stop  is 
in  emergency  applications  without  reduction,  until  the     not  materially  lengthened  thereby,  nor  is  there  sufficient 


train  is  stopped. 

Electric  control  of  the  brakes,  although  ideal  and 
entirely  practicable,  has  not  appeared  to  be  necessary 
or  justified  by  the  requirements  of  this  service.  It  adds 
nothing  to  the  effectiveness  of  the  individual  brake.  Its 
only  function  is  to  save  time  in  applying  the  brakes  by 


slack  or  time  element  to   cause   objectionable   shocks 
from  this  cause. 


III- 


-SUBWAY,   ELEVATED   AND   SUBURBAN    SERVICE- 
TRAIN — RARELY  SINGLE  CAR 


When  the  carrying  capacity'  of  a  given  trackage  is 
taxed  to  its  limits,  every  means  available  for  increas- 
ing the  passenger  miles  per  car  becomes  of  prime  im- 
portance and  the  value  of  such  means  then  becomes  ap- 
parent.   Take  the  electrical  control  of  brakes  as  an  ex- 


Equipped  with  the  safety  brake  control  devices  of  the  Safety 
Car  Devices  Company  as  shown  in  Fig.  14. 

eliminating  the  serial' time  element  inseparable  from 
an  impulse  transmitted  pneumatically  from  car  to  car. 
Where  trains  are  relatively  short,  therefore,  pneumatic 


I  IC.    17 — THUKK  CAR  TUAIN  OF  THE  AUKORA-EI.GIN   AND  CHICAGO 
RAILWAY 

Equipped  with  the  air  brake  system  shown  in  Fig.  15. 

ample.  As  has  been  said,  this  does  not  add  anything 
directly  to  the  effectiveness  of  the  brake  on  any  one 
car.  It  merely  eliminates  the  serial  application  eflFect, 
inseparable  from  a  pneumatically-controlled  brake  on  a 
train  of  several  vehicles.  In  doing  this,  however,  it 
accomplishes  two  results  which  are  of  vital  consequence 


December,  1920 


THE  ELECTRIC  JOURNAL 


549 


in  long  train  service,  viz.,  the  elimination  of  slack  action 
between  vehicles  and  the  saving  of  the  time  and  dis- 
tance in  making  a  stop  through  which  the  train  would 
otherwise  run  while  the  pneumatic  brake  action  was 
being  serially  transmitted  from  the  head  to  the  rear  of 
the  train.  In  other  words,  slack  action  is  eliminated 
and  the  stop  is  materially  shortened. 

It  is  quite  clear,  however,  that  these  features  be- 
come of  greatest  value  where  trains  are  long  and  run  on 
close  headway  with  frequent  stops  and  the  traffic 
capacity  of  the  road  severely  taxed.  For  these  rea- 
sons the  electric  control  has  been  found  especially  de- 


both  service  and  emergency  application  and  the  ideal 
flexibility  of  manipulation ;  economy  in  air  consump- 
tion, and  maintainance  of  brake  cylinder  pressure  at 
will. 

The  shorter  service  stop  thereby  made  possible 
n.eans  that  power  may  be  shut  off  sooner  and  the  train 
allowed  to  drift  for  a  considerably  longer  time  before 
applying  the  brakes  and  making  the  stop  at  the  same 
point.  Thus,  for  the  same  power  consumption,  the  elec- 
tropneumatic  brake  makes  it  possible  to  maintain  higher 
average  speeds,  shorter  schedules  and  an  increased 
traffic  capacity  with  the  same  number  of  cars;  or  the 


FIG.    18 — EQUIPMENT  FOR   ELEVATED,   SUIiW.W    .\ND    HIGH    SPEED   ELECTRIC  SURF.\CE  LINES 

Also  for  electrified  divisions  of  steam   railways.     New    York    Interborough    and    Pennsylvania    Railroad 
Paoli  Electrification.    The  top  view  shows  the  equipment  for  the  motor  car  and  the  bottom  view  for  the  trailer. 


sirable  for  such  service  in  the  subway  systems  of  Phila- 
delphia and  New  York,  and  the  Elevated  of  Boston,  the 
Paoli  Electrification  of  the  Pennsylvania  Railroad  etc. 
The  electropneuinatic  brake  system  adds  to  the 
pneumatically-operated  brake  of  the  highest  type  cer- 
tain advantageous  features  otherwise  impossible  of  at- 
tainment, namely :  simultaneous  and  uniform  response 
of  all  the  brakes  in  the  train,which  means  the  ability  to 
obtain  the  desired  results  with  the  least  skill  and  experi- 
ence, regardless  of  the  length  of  train ;  double  protec- 
tion against  delays  to  traffic,  due  to  brake  failure,  since 
the  pneumatic  brake  is  always  in  reserve  ready  for  use, 
if  required;  maximuin  efficiency  and  safety  due  to 
simultaneous  operation  of  all  the  brakes  in  the  train,  in 


same  traffic  capacity  with  fewer  cars;  or  enables  the 
same  average  speeds,  schedules  and  capacity  of  road  to 
be  maintained  as  with  a  purely  pneumatic  brake  but  at 
the  expenditure  of  less  power. 

It  should  be  borne  in  mind  that  the  electropneu- 
niatic  control  of  the  brakes  is  a  control  only  and  that 
it  must  depend  for  its  fundamental  safety  and  protec- 
tive features  upon  the  pneumatic  brake  with  which  it  is 
associated.  The  importance  of  improving  the  pneu- 
matic brake  to  its  highest  degree  before  adding  electric 
features  is  therefore  evident. 

The  only  forms  of  pneumatic  brake  for  train  ser- 
vice fifteen  years  ago  were  the  quick  action  and  the 
I'.igh   speed  brakes.     The   former  employed  the  quick 
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MOTOR  CAR 


TRAILER  CAB 


FIG.    IQ — ELECTRIC   SIGNAL   SYSTEM 


Fi-- 


20 — GOVERNOR    SYNCHRONIZING    SYSTEM    FOR    TROLLEY   OR    THIRD  RAIL  CIRCl    11 


j.ction  tri[)le  valve  and  70  lbs.  brake  pipe  pressure.  It 
permitted  the  brakes  to  be  graduated  on,  but  not  off. 
1  he  release,  once  started,  would  continue  until  com- 
pleted. On  modern  cars  it  would  give  a  somewhat 
iiigher  and  quicker  emergency  braking  force  than  in 
service  applications,  but  the  difference  in  cylinder  pres- 
sure would  not  be  more  than  five  percent  and  the  time 
to  obtain  its  maximum  a  matter  of  four  or  five  seconds 
or-  a  train  of  ten  cars. 

The  so-called  high   sjieed  brake  was  the  same  as 
)!,,.  M.p.-k  ;K-ti(in  except  for  the  addition  of  a  liii^h  <;;ced 


FIG.    21 — TRAIN    ON    LONG    ISLAND    RAILROAD 

Equipped  with  signaling  and  governor  synchronizing 
systems,  shown  in  Figs.  10  and  20.  The  trains  on  the  We,sl 
Jersey  &  Seashore  Railroad  are  similarly  equipped. 

reducing  valve  and  an  increase  in  the  air  pressure  from 
70  to  no  lbs.  per  .square  inch.  About  20  percent  higher 
final  service  application  pressu.e  was  permitted  with 
this  system  and,  in  emergency,  it  reached  about  40  per- 
cent higher   pressure   than   in    ser\ice,   but   this  higher 


pressure  was  gradually  blown  down  b\-  the  action  of  the 
high  speed  reducing  valve  to  compensate  for  the  in- 
creased coefticient  of  brake  shoe  friction  at  the  lower 
speeds. 

Modern  rapid  transit  service,  however,  makes  oilier 
demands  upon  the  brake.  It  must  be  possible  to  gradu- 
ate the  brakes  off  as  well  as  on.  The  full  effectiveness 
of  the  brake  must  be  available  for  a  reapplication  as 
soon  as  the  brakes  have  been  released,  not  once,  but 
several  times  in  quick  succession.  The  service  as  v.'ell 
as  the  emergency  application  must  be  as  nearly  siniul- 


A.NU     IIAKiroKIJ    KAILROAU 

Equipped  with  the  air  brake  shown  in  Fig.  23. 
taneous  as  possible  on  all  the  cars  in  the  train.  The 
service  and  emergency  functions  of  the  brake  must  be 
so  interlocked  that  an  emergency  application  takes  place 
when,  and  only  when,  it  is  intended.  But  it  should 
always  be  possible  to  obtain  quick  action  and  ernergency 
cylinder  pressure  at  any  time,  regardless  of  previous 
iranipulation. 
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In  emergency  applications,  it  should  be  possible  to 
produce  from  50  to  100  percent  higher  brake  cylinder 
pressure  than  in  ordinary  service  applications,  accord- 
ing- to  the  limiting  conditions  of  the  truck  and  rigging 
construction,   the   road   conditions   and   the   service  re- 


\  ions  that  a  maxiniuni  main  reservoir  pressure  of  140 
lbs.  instead  of  100  lbs.  will  result  in  more  wear  and 
tear  on  the  compressors,  higher  temperatures,  greater 
losses  on  account  of  leakage  and  larger  compressors 
and  motors.     The  brake  system  \\-hich  takes  advantage 


,^:^:Jt 


FIG.    23 — ELECTRIC    LOCOMOTIVE   EQUIPMENT 


quirements,  and  this  high  emergenc}'  pressure  should  be 
held  without  blow  down  until  released,  in  order  to  ;lop 
in  the  shortest  possible  time  and  distance.  This 
should  be  obtained  without  increasing  the  brake  pipe 
pressures  above  70  lbs.  and  also  without  impairing  the 
ability  to  release  positively  and  promptly  after  such  an 
application  with  70  lbs.  brake  pipe  pressure. 

While  the  reasons  for  most  of  the  foregoing  re- 
quirements are  self-evident,  the  obtaining  of  a  highly 
effective  emergency  application  without  exceeding  70 
lbs.  brake  pipe  pressure  involves  much  more  than  may 
appear  from  the  mere  statement. 

With  70  lbs.  brake  pipe  pressure,  the  main  reser- 
voir pressure  usually  carried  is  85  to  100  lbs.  per  square 

a 


of  the  higher  emergency  pressures  without  necessitat- 
ing a  40  percent  increase  in  maximum  main  resei-voir 
I'ressure  is  thus  materially  increasing  the  economy  as 
well  as  the  safety  of  the  service. 

The  several  operative  features  mentioned  have  been 
provided  in  various  degrees  by  the  installations  on  such 
roads  as  the  Pacific  Electric  Railway,  the  Chicago  Ele- 
vated Railways,  the  subways  of  Philadelphia,  New 
York  and  Boston,  the  suburban  service  of  the  Pennsyl- 
\ania,  the  Long  Island,  the  Xew  York,  New  Haven 
and  Hartford,  and  the  Xew  York,  Westchester  & 
Toston  Railroads,  etc. 

The  electropneumalic  eni]ity  and  load  biake  equip- 
ment of  the  New  York  Municipal  Corporation  Ca"^  is 


Fia.    24 — FOUNPATIOX    I'.R.Ms'E    GE.VR    USED    OX    STREET    CARS 

inch.  To  obtain  the  effectiveness  of  the  modern  brake  a  particularly  interesting  example  because,  in  addition 
with  the  old  quick  action  triple  valve  would  require  an  to  its  electric  and  pneumatic  brake  control  functions, 
increase  in  brake  pipe  pressure  from  70  to  at  least  110  means  are  provided  for  varying  the  braking  force  auto- 
lbs,  and  this,  in  turn,  would  require  the  adjustment  of  riatically  according  to  the  passenger  load,  thus  provid- 
the  compressor  governor  at  125  to   140  lbs.     It  is  ob-  rig  a  uniform  rate  of  retardation   with  empty,  partly 
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loaded  and  fully  loaded  cars.  This  is  accomplished  by 
means  which  automatically  proportion  the  brake  cylin- 
der .pressure  to  the  weight  of  the  car  and  load,  accoid- 
ing  to  the  corresponding  deflections  of  the  truck 
equalizer  springs.  The  automatic  adjustment  is  inter- 
locked with  the  car  doors  so  that  it  is  operative  only 


that  they  were  then  carrying  from  800  000  to  i  200  000 
passengers  a  day  in  the  subway,  and  that  to  go  back  to 
the  air  brake  equipment  used  only  four  years  previously 
v/ould  mean  that  400  000  of  these  people  would  have  to 
walk.  It  would  be  an  utter  impossibility  to  opera'e  a 
sufficient  number  of  trains  over  the  road  to  carry  them. 


FIG.   25— O.NE  OK  THE  KliASONS  KOR  POOR  BRAKES 

Side  Strain  on  pedestals  and  tilted  brasses  resulting  from  single  shoe 
brake. 


v'hen  the  doors  are  open.  As  the  doors  are  alv/ays 
closed  when  the  car  is  running  and  the  adjusting  me- 
chanism is  then  inoperative,  the  very  serious  difficulties 
encountered  with  any  adjusting  mechanism  subject  to 
the  vertical  inovements  of  the  car  body  when  movmg 
ever  low  track  joints,  frogs,  switches  and  so  on,  are 
entirely  eliminated.  The  same  actuating  mechanism  is 
also  utilized  in  connection  with  the  motor  control  cir- 
cuits   to    provide    uniform    acceleration    at    all    loads. 


This  is  mentioned  as  an  example  of  the  earning  capacity 
of  the  modern  brake  for  rapid  transit  service  where 
speeds  and  close  headway  are  of  such  importance  ds  in 
subway  and  elevated  service. 

IV ELECTRIC  LOCOMOTIVE   SERVICE — SINGLe'^AND 

MULTIPLE  UNITS 

The  air  brake  equipment  for  electric  locomotives, 
as  well  as  the  motor  and  control  apparatus,  must  be 
suited  to  the  service  handled.  This  varies  from  the 
light  yard  or  interurban  express  car  locomotive  to  the 
large  trunk  line  or  heavy  grade  freight  and  passenger 


FIG.    26 — CI.ASP   BRAKE 

This  type  of  brake  cnualizes  the  shoe  forces  on  the  wheel, 
reduces  brake  shoe  wear,  journal  friction,  hot  boxes,  unbalanced 
strains,  on  pedestals  and  shortens  stops. 

When  the  loaded  car  weighs  approximately  50  percent 
more  than  the  empty  car  (as  in  this  case)  the  benefits 
of  uniform  acceleration  and  deceleration,  independent 
of  load,  are  readily  appreciated. 

A  few  years  ago  a  prominent  official  of  the  Inter- 
borough  Rapid  Transit  Company  of  New  York  stated 


FIG.  28 — STOPlT.n   UP  PIPES 

Why  the  brakes  sometimes  do  not  operate  as  intended. 

locomotives  of  which  the  Chicago,  Milwaukee  and  St. 
Paul  locomotives  are  leading  examples. 

As  the  locomotive  is  primarily  intended  to  haul  or 
push  trains,  its  brake  must  operate  in  harinony  with  the 
train  brakes,  the  latter  being  controlled  automatically 
or  manually  by  the  engineman  through  the  aid  of  the 
air  regulating  and  controlling  mechanism  in  the  loco- 
motive cab.  For  light  locomotives,  used  to  haul  short 
trains  of  freight  or  express  cars  over  interurban  or  in- 
dustrial tracks,  the  demand  for  compressed  air,  both  in 
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quantity  and  pressure,  is  not  as  great  as  for  long  train  Img  of  stores  and  repair  shop  tools  and  supplies,  and 
or  high  speed  steam  road  service,  the  units  are  smaller  where  the  operation  and  maintenj-nce  of  all  equipments 
and  the  service  requirements  generally  less  severe.    The     is  handled  by  the  same  force. 

brake  must,  therefore,  be  automatic,  to  operate  in  har-  The  motorman  controls  tlie  train  and  locomotive 

brakes  together  or  the  locomotive  inde- 
pendently as  he  may  choose,  by  a  single 
brake  valve.  When  running  alone,  the  lo- 
comotive brakes  (independent  operation) 
are  controlled  directly  by  this  brake  valve, 
as  with  an  ordinary  straight  air  brake ;  ex- 
cept that  the  safety  and  effectiveness  of 
the  automatic  brake  are  automatically 
.  available  when  needed.  When  in  train  ser- 
vice, the  locomotive  brakes  can  be  oper- 
ated alone  by  straight  air,  as  just  ex- 
plained, or  as  if  a  part  of  and  in  conjunc- 
tion with  the  automatic  brakes  of  the 
train,  according  to  the  corresponding  oper- 
ating positions  of  the  brake  valve  handle. 
Heavy  electric  locomotive  service, 
FIG.  29 — EMERGENCY  STOP  CURVES,  MODERATE  RETAifflATioN  Created      by      the      substitution      of      the 

mony  with  the  automatic  brakes  on  the  train  and  must     electric     for     the     steam     locomotive     in    trunk    line. 


provide  for  completely  interlocked,  independent  opera- 
tion of  the  locomotive  and  the  train  brakes. 

The  combined  automatic  and  straight  air  brake 
equipment  furnished  for  interurban  motor  cars,  run- 
ning singly  or  in  trains,  is  well  adapted  for  the  light 
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terminal,  tunnel  or  heavy  grade  "electrifications, 
demands  the  same  operative  features  as.  provided 
by  the  displaced  steam  locomotive  equipments,  and  in 
addition  the  special  features  required  by  the  substitu- 
tion of  electric  for  steam  motive  force  and  the  charac- 
teristics  of   the   motor   and    control    systems.      Conse- 
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FIG.    30 — EMERGENCY    STOP    CURVES,    RAPID    RETARDATION 

locomotive  service  requirements,  not  only  becaus-^  it 
possesses  the  required  functions,  both  on  the  automatic 
(for  train  service)  and  the  independent  (locomotive 
brake)  sides,  but  especially  because  the  same  appara- 
tus in  all  essential  details  is  used  on  the  locomotives  as 
on. the  motor,  passenger  and  express  cars  on  the  same 
line — an  item  of  considerable  importance  in  the  hand- 


FIG.    31 — EFFECT   OF    PISTON    TRAVEL   AND   D    EFLECTION     IN    BRt\KE 
RIGGING    ON    BRAKE    CYLINDER    PRESSURE    (IDEAL) 

quently,  the  brake  equipment  is  fundamentally  the  same 
as  is  regularly  used  on  steam  locomotives,  providing  for 
the  operations  of  the  locomotive  and  the  train  brakes 
either  independently  or  in  conjunction ;  for  the  main- 
tenance of  brake  cylinder  pressure  at  the  intended 
amount,  regardless  of  either  leakage  or  variations  in 
piston  travel,  up  to  the  capacity  of  the  compressor;  and 
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lor  30  percent  higher  emergency  cylinder  pressure  tnan 
the  ordinary  service  maximum.  '  The  compressoi  is 
ordinarily  motor  driven  and  controlled  by  an  electro- 
pneumatic  compressor  governor  and  switch  device  com- 
bined, if  single  unit  service  only  is  intended.  It  is  ar- 
ranged for  the  synchronous  operation  of  all  the  com- 
pressors in  double  header  or  multiple-unit  service. 

On  locomotives  and  motor  cars  where  dynamo'.or, 
phase  converter  or  other  similar  rotating  units  can  pro- 
vide sufficient  excess  power  to  drive  the  compressor  and 
so  do  away  with  a  separate  motor  drive,  the  opportunity 
to  save  expense  and  apparatus  is  always  attractive. 
Several  railroads  are  using  such  installations  in  regular 
service,  with  entire  satisfaction.  For  such  cases,  some 
form  of  clutch  or  coupling  is  required  and  the  govern- 


inotive  equipment.  Thus,  the  desired  capacity  and 
functional  features  are  automatically  made  operative 
without  requiring  any  additional  knowledge  or  skill  or 
any  manipulation  on  the  part  of  the  engineer,  other 
than  for  the  familiar  steam  locomotive  brake  equip- 
ment. These  are  at  once  seen  to  be  important  con- 
siderations when  the  requirements  of  interchange,  the 
class  of  labor,  the  demands  of  service  upon  the  engi- 
neer's skill,  alertness  and  judgment  in  other  directions 
and  the  safety  of  property  and  life  involved  are  taken 
into  account. 

With  the  electrification  of  important  divisions  of 
such  railroads  as  the  Norfolk  and  Western  and  the 
Chicago,  Milwaukee  and  St.  Paul  for  the  handling  of 
heavy  tonnage  trains  on  grades,  the  possibility  of  turn- 
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FIG.  32 — COEFFICIENT  OF  RAIL   FRICTION' 

A  24-hoiir  record  of  weather  conditions  and  rail  friction. 


mg  mechanism  must  be  either  to  bring  the  driving  me- 
chanism into  or  out  of  action  or  to  unload  the  com- 
piessor.  Each  individual  case  of  this  kind  has  its  own 
peculiar  operating  characteristics  and  requirements,  re- 
specting the  form  of  drive,  spnce  limitations  and 
governing  mechanism,  a  study  of  which  will  determine 
Vvhether  the  elimination  of  a  sciiarate  motor  driving  the 
compressor  will  be  justified  or  not. 

The  capacity  of  the  locomotive  brake,  as  ordi- 
narily furnished  for  steam  locomotive  service,  is  inade- 
quate for  very  long  double-end  locomotives  or  when  it 
i«  desired  to  permit  the  engineer  in  the  leading  cab  to 
ci  ntrol  the  brakes  on  both  tlie  first  and  second  unit  of 


ing  motors  into  generators  whci  descending  the  grade 
has  been  utilized  to  serve  the  double  purpose  of  generat- 
ing current  to  supplement  the  power  house  delivery  to 
the  line,  and  by  the  resultant  back  torque  on  the 
motors,  to  control  the  speed  of  the  trains  down  the 
grade  without  the  wear  and  tear  on  brake  shoes  and 
wheels  and  the  train  slack  control  difticulties  incident  to 
heavv  grade  mechanical  braking. 

The  characteristics  of  the  electric  locomotive  mo- 
tor and  control  equipment  will  determine  whether  the 
air  brake  can  be  used  to  supplement  the  regenerative 
resistance  on  the  locomotive  when  the  use  of  air  brakes 
is  desired,  or  whether  regeneration  will  have  to  b>e  cut 


double   header,   independently   of   the   train   brakes,  out  before  the  brakes  are  applied.     When  a  consider- 

Jie  increased  capacity  necessitated  by  larger  volumes  able  range  of  speed  is  available  "under  regenerative  con- 

nnd  longer  piping  connections  is  pro\  ided  by  additi(jnal  trol,  there  is  ample  margin  for  joint  operation  with  the 

devices  which  supplement  but  do  not  alter  the  opera-  air  brakes  on  the  cars.     But  on  the  locomotive,  with  the 

tive  features  or  essential  devices  of  the  standard  ioco-  motors  already  regenerating,  the  application  of  the  air 
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brakes  to  the  driving  wheels  would  be  likely  to  increase 
their  total  resistance  to  rotation  beyond  the  rail  adhe- 
sion and  cause  sliding.  To  avoid  this  possibility,  an 
automatic  interlock  mechanism  is  used,  which  permits 
the  locomotive  brakes  to  apply  and  release  normally,  so 
long  as  regenerative  braking  is  not  in  effect,  but  the 
initiation  of  regeneration  automatically  releases  the  lo- 
comotive brakes,  if  applied,  or  prevents  their  bemg 
applied,  so  long  as  regeneration  continues.  This  action 
in  no  wise  affects  the  control  of  the  brakes  on  the  train 
&'5  usual  by  the  engineer.  Furthermore,  the  interlock- 
ing devices  are  so  arranged  that,  should  the  regenera- 
tive control  be  lost  for  any  cause,  the  air  brakes  on  the 
locomotive  would  automatically  apply  to  a  degree  cor- 
responding to  the  brake  application  then  existing  on  the 
train  or,  if  none  did  exist,  the  locomotive  brake  would 
be  placed  in  readiness  to  respond,  as  in  ordinary  ser- 
vice, to  any  succeeding  automatic  or  independent  brake 
application.  Provision  may  also  be  made  for  opening 
the  main  motor  control  circuits  when  an  emergency  ap- 
plication of  the  brake  occurs. 

The  evident  importance  of  these  safety  provisions 
helps  to  explain  a  phase  of  the  combined  regenerative 
and  air  brake  control  systems  which  is  even  more  vital, 
but  not  always  as  fully  appreciated.  With  a  highly 
effective  regenerative  control  available,  the  air  brake 
might  be  thought  to  have  become  of  less  consequence. 


Indeed,  it  has  even  been  suggested  that  with  regenera- 
tive control  it  would  be  possible  to  handle  heavier  trains 
or  the  same  trains  at  higher  speeds  than  would  be  safe 
with  the  air  brake  on  the  same  grade. 

In  such  cases,  however,  it  must  always  be  remem- 
bered that  the  regenerative  control  is  not  an  automatic 
safety  device.  It  may  become  inoperative  at  a  critical 
time  and  the  air  brake  is  then  the  only  recourse  for 
safet}'.  But  there  is  no  safety  if  the  train  is  beyond  the 
capacity  of  the  air  brake.  It  would  not  be  safe,  there- 
fore, even  though  it  were  possible,  to  control  a  train  by 
regenerative  resistance  down  grade  at  a  speed  in  excess 
of  the  maximum  safe  speed  for  the  air  brake  equip- 
ment. 

The  foregoing  survey  of  the  train  control  require- 
ments of  electric  traction  service  merely  mentions  the 
distinctive  characteristics  of  the  various  equipments 
used  in  the  different  classes  of  service  enumerated.  To 
describe  in  any  detail  the  construction  or  operative  fea- 
tures of  individual  devices  would  require  a  paper  as 
long  as  this  one  on  each  of  the  several  equipments  re- 
ferred to.  The  object  of  this  article  has  been,  ratlier, 
to  show  that  the  air  brake  is  something  more  than  a 
convenience — more  even  than  merely  a  safety  device — • 
that  it  is,  in  fact,  a  most  effective  and  efficient  factor  in 
that  most  critical  and  insistent  problem  of  today,  viz., 
the  problem  of  transportation. 


Swltduiip:  aji^l  Pi^otDctlaii  @f  Trajismkslom 


S.  Q.  HAYES 


THE  "Solid  South"  is  rapidly  being  formed  into  a 
manufacturing  district.  Huge  textile  mills,  steel 
mills  and  other  factories  are  steadily  increasing 
in  number  and  size.  This  growth  has  been  stimulated 
by  and  has  helped  to  produce  the  many  hydro-electric 
developments  which  have  resulted  m  some  of  the  most 
extensive  networks  of  high-tension  transmission  lines  in 
this  country. 

A  typical  example  is  the  system  of  the  Alabama 
Power  Company,  as  shown  in  Fig.  59.  The  main 
transmission  lines  of  this  system  form  a  triangle  in  the 
central  part  of  the  state  with  Lock  12  on  the  Coosa 
river,  Bessemer  near  Birmingham  and  Jackson  Shoals 
making  the  corners.  From  Bessemer,  an  arm  extends 
in  a  northwesterly  direction  to  the  steam  reserve  station 
at  Gorgas  on  the  Warrior  River  and  from  that  point  to 
Sheffield  where  there  is  a  40000  kv-a  transforming 
station,  used  during  the  war  for  supplying  power  to  the 
nitrate  plant  at  Muscle  Shoals. 

From  Jackson  Shoals,  lines  extend  in  a  general 
northerly  direction  through  Anniston,  Gadsden  Station 
and  Guntersville  to  Huntsville.  Extensions  are  con- 
templated that  will  tie  the  line  through  Decatur  to  Flor- 


ence, completing  this  upper  ring.  Tap  lines  have  been 
projected  that  will  tie  this  section  of  the  system  with  the 
system  of  the  Georgia  Power  Company  at  Lindale  and 
at  West  Point. 

From  Lock  12  on  the  Coosa  River,  the  southern 
section  reaches  down  to  Montgomery  and  at  some 
future  time  other  lines  will  be  extended  still  farther 
south.     Both  no  kv  and  44  kv  lines  are  in  operation. 

A  single  line  diagram  of  the  important  transmission 
lines.  Fig.  60,  indicates  the  generators,  transformers  and 
transmission  lines,  with  their  reactances  all  figured  out 
on  the  basis  of  30000  kv-a.  The  types  of 
relays  used  at  various  points  are  indicated.  As 
shown,  the  main  hydroelectric  generating  station  is 
located  at  Lock  12  on  the  Coosa  River,  the  interior 
of  this  station  being  shown  in  Fig.  61.  This 
plant  has  a  dam  approximately  1638  ft.  long  and 
65  ft.  high.  The  power  house  is  323  ft.  long,  128  ft. 
wide  and  160  ft.  high,  forming  the  shore  end  of  the 
dam.  There  are  four  17  500  hp  and  one  19000  hp  ver- 
tical-shaft water-wheels  driving  five  13  500  kv-a  vertical 
shaft  generators  with  five  banks  each  of  three  4500 
kv-a,  single-phase  transformers,  oil  insulated  and  water 
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cooled,  stepping  up  from  6600  volts  delta  to  no  kv  star,     mounted  on  low  platforms  so  that  their  live  contacts 
with  arrangements  for  grounding  the  neutral  through  a     will   be   out   of   reach   of   visitors.     The   disconnecting 


resistance.     A  bank  of  transformers  feeds  the  44  kv 
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I-IC.    59— HIGH    TENSION   TUANSMISSION    SYSTEM    OF   THE 
ALAI'.AMA    POWEU   COMPANY 

line  to  Montgomeiy  and  the  other  banks  operate  in 
parallel  on  a  sectioned  no  kv  bus,  from  which  two  lines 
run  to  Jackson  Shoals  via  Sylacauga  and  the  other  two 
to  Bessemer. 

At  Jackson  Shoals  on  Choccolocco  Creek  there  is  a 
small  hydroelectric  plant,  con- 
t  a  i  n  i  n  g  two  vertical-shaft, 
double-runner  turbines,  each 
driving  a  looo  kv-a,  2300  volt, 
three-phase,  60-cycle  generator. 
At  Jackson  Shoals  there  is  also 
located  the  outdoor  switching 
and  transforming  station  shown 
in  Fig.  62.  The  bus-bars  are 
hung  overhead  between  strain 
insulators  to  the  end  cross 
girders,  and  supported  by  sus- 
pension insulators  hung  from 
the  intermediate  cross  girders. 
This  construction  is  facilitated 
by  having  the  intermediate 
towers  higher  than  the  end  ones. 
Cross  connections  are  made  by 
conductors  stretched  between 
strain  insulators  attached  to  the 
side  longitudinal  girders.  The 
disconnecting  switches  are  all  of 
the  inverted  type,  most  of  them  supported  by  the  frame- 
work located  in  the  middle  of  the  switch  yard. 

The    circuit    breakers    in    the    44    kv    circuits    are 


switches  are  hung  at  an  angle  from  a  triangular  lattice 
girder  above  the  breakers.  The  transformers  are  of 
the  water-cooled  type  and  get  their  circulating  water 
from  the  elevated  tank  in  the  back  ground.  The  choke 
coils  in  the  outgoing  line  circuits  are  of  the  line  suspen- 
sion type,  15  inches  in  diameter,  and  make  favorite 
nesting  places  for  the  small  birds. 

The  other  two  outgoing  lines  from  Lock  12  run  to 
the  Bessemer  Angle  switching  station  shown  in  Fig.  63. 
This  view  is  taken  from  the  point  where  two  of  the  no 
kv  lines  tie  unto  the  bus  through  the  two  oil  circuit 
breakers  in  the  right  foreground,  these  being  the  lines 
shown  on  the  diagram  as  connecting  to  the  Magella  sub- 
station. The  next  breaker  to  the  left  controls  the  bank 
of  Westinghouse  transformers  tying  together  the  no 
kv  and  44  kv  systems.  Two  44  kv  lines  also  run  to 
Magella  and  one  to  the  Tennessee  Coal  &  Iron  and  Rail- 
way Co.  plant  at  Ensley  and  from  that  point  to  Gorgas, 
the  steam  plant  on  the  Warrior  River.  Two  no  kv 
lines  also  run  direct  to  Warrior.  The  cooling  pond  for 
the  circulating  water  of  the  transformers  is  shown  in 
the  foreground  and  the  elevated  water  tank  to  the  left. 

In  the  background  at  the  center  is  the  switchboard 
house.  The  switchboard  is  provided  with  a  complete 
miniature  bus-bar  layout,  showing  the  main  connections 
made  by  the  various  oil  circuit  breakers.  Two  panels 
control  the  motor-generator  charging  set  and  the  stor- 
age battery  for  the  operation  of  the  oil  circuit  breakers. 

From  Bessemer  Angle,  as  shown  in  Fig.  60,  two 
44  kv  and  two  1 10  kv  lines  go  to  the  Magella  substation 
in  the  suburbs  of  Birmingham.     A  no  kv  and  a  44  kv 


Montgomery 


HG.  60— SINGLE  LINE  DIAGRAM   OF  SWITCHING  CONNECTIONS  OF  THE 
ALABAMA   POWER    COMPANY 

Showing  percent  reactance  of  lines,  transformers  and  generators  based  on  30000  kv-a; 
also  showing  relay  connections. 


tie  line  connect  Magella  with  Jackson  Shoals. 

At  the  Magella  substation  near  Birmingham,  shown 
in  Fig.  64,  there  are  three  banks  each  of  three  4500 
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kv-a,  single-phase,  water-cooled  transformers,  two  step- 
ping down  from  no  kv  to  13.2  and  one  from  no  kv  to 
44  kv  for  transmission  into  Birmingham.  Provision  is 
made  at   various   transforming   and   switching   stations 


FIG.    61 — INTERIOR    VIEW    OF    GENER.'VTING    STATION    .^T    LOCK    12 

for  tying  together  the  no  and  44  kv  transmission  cir- 
cuits. 

At  Magella  the  cases  of  the  transformers,  oil  cir- 
cuit breakers  and  lightning  arresters  have  been  painted 
white,  and  as  ample  space  has  been  allotted  to  the  equip- 
ment, a  very  pleasing  arrangement  has  resulted.  The 
low-tension  switching  equipment,  as  well  as  the  control 
switchboard,  are  located  in  a  brick  building  in  the  back- 
ground. The  steel  work  for  the  support  of  the  outdoor 
disconnecting  switches,  busbars,  etc.  is  of  light  but  rigid 
construction. 

Fig.  64  shows  the  two  transformer  banks  to  the 
right  of  the  control  house  and  indicates  the  method  of 
carrying  the  44  kv  leads  over  the  structure  by  mounting 
them  on  pin  type  insulators  attached  to  steel  cross  arms 
carried  by  vertical  extensions  of  the  supporting  towers. 
It  also'  shows  the  two  different  types  of  lightning  ar- 
resters used  with  the  no  kv  cir- 
cuits. In  both  of  these  arresters  ^ 
the  aluminum  trays  are  arranged  in 
two  columns  inside  oval  steel  tanks 
and  these  columns  are  connected  in 
series.  In  the  nearest  arrester, 
there  is  only  one  terminal  per  tank, 
the  other  terminal  of  the  tray 
columns  being  connected  to  the 
tank  and  the  tanks  mounted  on  in- 
sulated platform.  In  the  other 
arrester,  each  tank  has  two  leads 
brought  through  the  top,  both 
terminals  of  the  tray  columns  being 
insulated  from  the  tank  and  the 
tanks  grounded.  Fig.  64  also 
shows  the  transformer  bank  to  the 
left  of  the  control  house  and 
the  strain  insulators  for  the  no 
to  the  end  girders,  as  well  as  the  strain  insulators 
fastened  to  the  longitudinal  side  girders  and 
used  for  the  no  kv  cross  connections.     The  hisrh-ten- 


sion  leads  from  the  transformers  pass  through  the  oil 
breakers- and  then  through  either  set  of  disconnecting 
switches  to  either  no  kv  bus.  The  n  kv  lightning  ar- 
resters and  the  cooling  pond  are  shown  back  of  the  con- 
trol house. 

Bessemer  Angle  switching  station  connects  by  two 
no  kv  and  one  44  kv  line  to  the  Gorgas  Steam  station. 
This  plant  is  located  near  a  coal  mine  and  in  the  heart 
of  the  Warrior  River  coal  mining  section  of  Alabama. 
It  contains  one  25  000  kv-a  turbogenerator  and  one 
33  000  kv-a  turbogenerator  and  was  used  during  the 
war  to  transmit  power  to  the  government  Nitrate  Plant 
at  Muscle  Shoals  near  Florence.  At  Gorgas  the  gen- 
erator circuits,  as  well  as  the  leads  to  the  step  up  trans- 
formers are  controlled  by  circuit  breakers  mounted  in 
masonry  compartments  in  the  steam  station,  while  the 
high-tension  circuits  are  controlled  by  outdoor  breakers. 
One  bank  of  transformers  supplies  the  44  kv  tie  line 
through  Ensley  to  Bessemer,  and  three  20  000  kv-a 
banks  of  transformers  supply  the  no  kv  bus  feeding  the 
line  to  Sheffield  and  the  tie  to  Bessemer  Angle.  The 
distance  from  Sheffield  to  Warrior  is  90  miles ;  from 
Warrior  to  Coosa  75  miles ;  from  Coosa  to  Gadsden  100 
miles  and  other  distances  can  be  approximated  from  the 
map  in  Fig.  59. 

At  the  Gadsden  Reserve  Steam  Plant,  there  are 
two  7500  hp  horizontal  shaft  steam  turbines  driving 
three-phase,  60  cycle,  2300  volt  generators.  Local 
steam  plants  are  in  service  at  Huntsville,  Decatur  and 
Guntersville  in  the  northern  part  of  the  state,  and  at 
Marion  in  the  west  central  part.  These  stations  serve 
the  immediately  surrounding  territory.  The  seven 
primary  substations  containing  the  important  trans- 
former banks  and  high-tension  switching  equipment  are 
located  at  Warrior,  Gadsden,  Jackson  Shoals,  Magella, 
Anniston,  Bessemer  and  Sylacauga. 

Various  hydroelectric  plants  are  under  contempla- 


indicates     clearly 
kv    bus    attached 


FIG.    62 — JACKSON    SHOALS    SUBSTATION 

tion,  and  provision  will  ultimately  be  made  for  a  tie 
connection  to  the  system  of  the  Georgia  Power  Com- 
pany at  Lindale  and  at  West  Point.  This  system  ties 
in  with  the  Tennessee  Power  Company  and  Southern 
Power  Company,  allowing  for  an  interchange  of  elec- 
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trical  energy  through  a  large  number  of  slates  in  the 
South. 

THE  GEORGIA  RAILWAY  AND  POWER   COMPANY 

The  connecting  links  between  the  systems  of  the 
Southern  Power  Company  in  North  and  South  Caro- 
lina, the  Tennessee  Power  Company,  and  ultimately  the 
Alabama  Power  Company,  are  formed  by  the  system  of 
the  Georgia  Railway  &  Power  Company.  The  main  gen- 


aljle   louvres   so   that    the   heal   can    readil\-   he   carried 
away. 

In  the  main  generating  station,  the  entire  excitation 
is  taken  from  the  direct-connected  exciters,  there  being 
no  motor  generators  or  water  driven  exciters,  but  each 
of  the  direct  connected  exciters  being  capable  of  excit- 
ing two  generators.  While  any  generator  can  be  con- 
nected to  a  low-tension  transfer  l)us,  it  is  normally  oper- 


KIC;.   63 — BESSEMER    ANGI.F.   SUnSTATION 


crating  station  of  this  system  is  located  at  Tallullah 
Falls  and  contains  five  10  000  kv-a  vertical-shaft,  6600 
volt  turbogenerators  each  driven  by  a  17000  hp,  514 
r.p.m.  walerwheel,  with  provision  for  a  sixth  unit. 

This  plant  is  the  highest  head  plant  in  the  South. 
Each  generator  is  provided  with  a  direct-connected  ex- 
citer, and  three  3333  kv-a,  single-phase  transformers 
stepping   up   to   63500   volts   delta,    no  000   star   with 


ated  with  its  own  bank  of  step-up  transformers,  these 
being  paralleled  on  the  high-tension  side. 

As  the  power  plant  is  located  in  a  gorge,  an  in- 
door transformer  and  switch  house  has  been  provided 
immediately  adjacent  to  the  generating  station,  but 
higher  up  on  the  side  of  the  gorge.  The  lightning  ar- 
resters of  the  outdoor  type  are  located  still  farther  up 
the  side  of  the  hill. 


FIG.   64 — M.\r.ELLA   SUBSTATION 


arrangements  for  grounding  the  neutral  from  the  high- 
tension  side  of  the  transformers  through  a  neutral  re- 
sistor located  at  the  end  of  the  switch  house.  The  gen- 
erator rheostats  are  located  under  a  gallery  entirely  iso- 
lated from  the  operating  room,  and  ventilated  by  suit- 


Most  of  the  power  developed  at  Tallullah  Falls  is 
transmitted  to  Atlanta,  but  tie-in  connections  have  been 
made  so  that  the  Tallullah  Falls  plant  can  furnish 
energy  to  the  Southern  Power  Company,  and  the  system 
of  the  Tennessee  Power  Company. 
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The  most  important  substations  on  the  system  of 
the  Georgia  Railway  &  Power  Company  are  located  at 
Atlanta,  Newnan,  Marietta,  Gainesville,  Cartersville 
and  Lindale,  Georgia. 

The  Boulevard  Substation  in  the  outskirts  of 
Atlanta,  is  the  largest  on  the  system,  and  was  originally 
designed  for  three  10  000  kv-a  transformer  banks  with 
an  ultimate  installation  of  six,  each  transformer  bank 
comprising  three  3333  kv-a  water-cooled  transformers, 
these  being  about  the  earliest  water-cooled  transformers 
built  for  outdoor  service.  The  station  is  arranged  for  a 
total  of  six  1 10  000  volt  lines,  and  60000  kv-a  in  trans- 
formers. 

The  high-tension  wiring  is  divided  into  two  sec- 
tions,  which  are  electrically  joined   together  by  a   tie 


THE    SOUTHERN    POWER    COMPANY 

The  system  of  the  Southern  Power  Company,  as 
shown  in  Fig.  65,  furnishes  power  for  railway,  light- 
ing and  industrial  service  over  a  large  portion  of  North 
and  South  Carolina.  Power  is  furnished  to  approxi- 
mately one  quarter  of  the  total  number  of  cotton  spin- 
ning looms  in  the  United  States,  as  well  as  to  about 
1500  miles  of  interurban  railway. 

This  system  was  formed  in  1905,  taking  over  at 
that  time  the  6600  kv-a  plant  at  Catawba  which  had 
been  built  in  1904.  The  first  new  plant  installed  by  the 
Southern  Power  Company  was  that  at  Great  Falls,  built 
in  1907,  and  containing  eight  3750  kv-a  waterwheel 
generators  with  transformers  stepping  up  to  44  000 
\nlts.     This  was  followed  by  the  plant  at  Rocky  Creek, 


KIG.'  65 — HIGH    TENSION    TRANSMISSION    SYSTEM    OF   THE    SOUTHERN    POWER  COMPANY 

Water  power  stations  in  service  are  solid  circles,  projected  open  circles.     Steam  stations  in  operation  are  solid  squares. 
Southern  Power  Co.  100  kv.  system  are  heavy  lines,  44  kv.  system   broken    lines.     'Other  company  systems  are  light  lines. 


breaker.  All  of  the  high-tension  wiring,  the  trans- 
formers and  circuit  breakers  are  located  outdoors.  The 
high-tension  wiring  consists  of  copper  tubing  bus-bars 
supported  by  hangers  from  a  one-half  inch  copper  clad 
messenger,  this  in  turn  being  insulated  from  the  steel 
framework  by  strain  insulators. 

Most  of  the  power  from  the  step-down  trans- 
formers is  transmitted  into  Atlanta,  supplying  energy 
to  the  street  railways,  lighting,  power  and  other  loads 
at  that  point.  The  system  of  the  Georgia  Railway  & 
Power  Company  has  other  hydroelectric  plants  in  dif- 
ferent parts  of  the  state  with  steam  reserve  stations  in 
Atlanta.  The  Tugaloo  development  of  the  Georgia 
Railway  &  Power  Company  was  held  up  due  to  war 
conditions,  but  is  now  being  pushed  through,  and  will 
add  12  345  kv-a  to  the  available  power  on  this  system. 


built  in  1909,  and  also  containing  eight  3750  kv-a  gen- 
erators. The  plant  at  Ninety-nine  Islands  built  in  1910 
contains  six  3750  kv-a  generators.  These  plants,  with 
the  reserve  steam  plants,  took  care  of  the  service  for 
several  years. 

In  1915  the  Lookout  Shoals  plant  of  22500  kv-a 
capacity  was  installed,  this  being  followed  in  1916  by 
the  plant  at  Fishing  Creek  with  five  7500  kv-a  units, 
that  at  Bridgewater  in  1919  with  two  12  500  kv-a  units, 
and  that  at  Wateree  in  1919  with  five  14  000  kv-a  units. 

There  are  three  steam  turbine  reserve  stations  at 
Greenville,  Greensboro,  Mt.  Holly,  each  with  8000  kv-a 
turbogenerators,  and  Eno  with  12  500  kv-a  turbogenera- 
tors. These  turbogenerators  are  normally  run  as  syn- 
chronous condensers  to  improve  the  powerfactor  of  the 
circuits.     Connection  is  made  at  the  Georgia  and  South 
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Carolina  border  with  lines  from  the  TalluUah  Falls  gen- 
erating station  of  the  Georgia  Power  Company. 

Systems  of  the  size  of  the  Southern  Power  Com- 
])any  are  growing  rapidly.  The  latest  available  in- 
formation on  this  system,  gives  a  total  generator  ca- 
pacity of  280900  kv-a  with  443500  kv-a  in  trans- 
formers, and  250  miles  of  transmission  line.  Connec- 
tions are  made  at  Wateree  and  near  Durham  to  the  gen- 
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PIC.  66— SINGLE  LINE  DIAGRAM  OF  SWITCHING  CONNECTIONS  IN  THE 
PRINCIPAL  STATIONS  OF  THE  SOUTHERN  POWER  COMPANY 

crating  system  of  the  Yadkin  Power  Company,  and  ties 
have  been  provided  or  are  in  contemplation  with  other 
power  systems. 

Fig.  66  shows  a  single-line  diagram  of  connections 
and  indicates  down  to  last  July,  the  main  connections 
furnishing  energy  to  the  Great  Falls  and  Lakewood 
switching  stations,  as  well  as  the  supply  circuits  from 
the  Great  Falls  Generating  Station,  Rockv  Creek  Gen- 


crating  station,  Wateree  and  Fishing  Creek  stations. 
The  balance  of  the  generating  stations  are  located  on 
other  parts  of  the  system  and  are  not  indicated  on  this 
diagram. 

At  Rocky  Creek  and  Great  Falls  the  normal 
method  of  operation  consists  in  connecting  two  3750 
kv-a  generators  to  their  own  bank  of  three  2500  kv-a 
step-up  transformers,  these  feeding  through  suitable 
breakers  to  a  sectioned  44000  volt  bus.  From  the 
Rocky  Creek  station  there  are  two  44  kv  lines  that  run 
to  the  Great  Falls  Switching  station  and  a  44  kv  tie  cir- 
cuit going  directly  to  the  Great  Falls  generating  station. 

For  the  Wateree  Plant  each  of  the  14  000  kv-a  gen- 
erators is  normally  used  with  its  own  14000  kv-a  step- 
up  transformer,  connecting  through  an  outdoor  oil  cir- 
cuit breaker,  and  double-throw  disconnecting  switches 
to  either  of  two  outdoor  100  kv  busses. 

The  circuit  breakers  on  the  high-tension  side  of  the 
transformers  are  those  illustrated  in  Fig.  20  (May  1920, 
p.  186),  these  being  the  flat  sided  breakers,  while  those 
used  for  sectionalizing  the  busbars  and  in  the  100  kv 
outgoing  circuit  to  the  Great  Falls  switching  station 
are  of  the  round  tank  design,  shown  in  Fig.  23. 

From  the  Great  Falls  station,  44  kv  circuits  are  run 
to  the  Rocky  Creek  station,  to  Charlotte  and  to  other 
points,  with  provision  made  for  direct  circuits  to  the 
Great  Falls  switching  station.  At  the  Fishing  Creek 
station  the  normal  method  of  operation  contemplates 
employing  two  7500  kv-a  generators  feeding  into  one 
15  000  kv-a  transformer  bank,  there  being  two  banks  at 
this  point,  and  generator.  No.  3  being  normally  held  as 
a  reserve.  From  this  point  two  100  kv  circuits  are  run 
to  Salisbury  and  two  circuits  go  to  the  Great  Falls 
switching  station.  At  the  Great  Falls  switching  station 
the  main  power  of  the  system  is  concentrated.  At  this 
point  there  are  two  incoming  lines  from  Wateree,  two 
from  Rocky  Creek,  two  from  Fishing  Creek  with  pro- 
vision made  for  additional  circuits  to  the  Great  Falls 
station  and  to  the  Wateree  station.  The  circuits  from 
Rocky  Creek  pass  through  transformers  stepping  up 
from  44  to  100  kv. 

At  Great  Falls  the  circuit  breakers  in  the  incoming 
circuits  from  Wateree,  and  the  circuit  from  the  high- 
tension  side  of  the  step-up  transformers  fed  from 
Rocky  Creek  are  of  the  round  tank  type  as  are  the 
breakers  used  for  sectionalizing  the  high-tension  bus. 
The  breakers  in  the  incoming  lines  from  Fishing  Creek 
and  the  two  outgoing  lines  to  Lakewood  and  the  two 
outgoing  lines  to  Spartanburg,  are  of  the  flat  tank  type. 

At  the  Lakewood  Station  there  are  two  incoming 
circuits  from  the  Great  Falls  switching  station  and  pro- 
vision is  made  for  lookv  outgoing  lines  to  Salisbury 
and  Gastonia.  At  Lakewood  three  banks  are  at  present 
installed,  each  of  three  4000  kv-a  transformers  stepping 
down  from  100  to  44  kv.  Each  transformer  bank  is 
provided  with  an  oil  circuit  breaker  on  the  high-tension 
side,  of  the  type  shown  in  Fig.  19  with  oval  tanks,  these 
same  circuit  breakers  being  used  on  the  incoming  line 
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from    Great    Falls    and    its    bus    sectionalizing    circuit 
breakers. 

On  the  44  kv  circuits,  each  transformer  bank  is 
provided  with  a  circuit  breaker  and  double-throw  dis- 
connecting switches,  so  that  it  can  be  connected  either 
to  a  main  bus,  sectionalized  by  breakers,  or  to  a  transfer 
bus,  sectionalized  by  disconnecting  switches.     Outgoing 


wheels,  so  that  they  can  be  readily  rolled  onto  a  truck 
and  transported  to  the  repair  shop,  if  this  should  ever 
prove  necessary.  This  drawing  does  not  show  the  100 
kv  connections  running  from  the  transformers,  but 
these  are  taken  through  the  disconnecting  switches,  cur- 
rent transformers,  and  circuit  breakers.  The  high- 
tension   connections   from   these   transformer   breakers 


FIG.  67 

circuits  to  Hoskins,  Mt.  Holly,  Gatesville,  Highland 
Park  and  Water  Works  are  each  provided  with  oil 
breakers  and  double-throw  disconnecting  switches. 

The  general  arrangement  of  the  Lakewood  switch- 
ing station  is  given  in  Fig.  67,  illustrating  the  type  of 
steel  framework,  bus-supports,  disconnecting  switches, 
circuit  breakers,  transformers  and  similar  equipment 
used  at  that  point,  the  100  kv  circuits  being  shown  to 
the  left  and  the  44  kv  to  the  right.  Each  oil  circuit 
breaker  tank,  arrester  tank,  and  transformer  tank  is 
placed   on    a    small    concrete    foundation.     The    trans- 


LAKEWOOD    SUBST.\TION 

are  taken  through  disconnecting  switches  to  the  main 
or  transfer  bus  in  the  manner  shown  on  the  single  line 
diagram.  The  transfer  bus  is  sectionalized  by  discon- 
necting switches  and  the  main  bus  by  the  round  tank 
circuit  breakers.  The  outgoing  100  kv  line  circuits  are 
controlled  by  the  circuit  breakers,  and  the  outgoing  cir- 
cuits pass  from  these  circuit  breakers  through  current 
transformers  and  disconnecting  switches  to  the  high- 
tension  line  circuits. 

The    Southern    Power   Company   was   one   of    the 
pioneers  in  the  development  of  outdoor  switching  and 


formers  are  so  arranged  that  they  can  readily  be  rolled     transformer  installations,  and  has  done  a  great  deal  of 


KJG.    68 — SECTIONAL   DIAGRAM    OF 

onto  a  truck  running  on  a  track,  so  that  they  can  be 
removed  for  inspection  or  repair. 

Fig.  68  shows  a  sectional  view  through  the  Great 
Falls  switching  station,  and  gives  an  idea  of  the  relative 
location  of  the  circuit  breakers,  disconnecting  switches, 
bus-bars,  transformers,  and-  other  equipment.  The 
transformers  shown  at  the  left  hand  end  of  this  figure 
are  the  transformers  stepping  up  from  44  to  100  kv  in 
the  Rockv  Creek  circuit.     These  transformers  are  on 


GREAT   FALLS    SWITCHING    STATIOM 

pioneer  work  in  connection  with  power  transmission  in 
the  supplying  of  energy  to  cotton  mills  over  large  dis- 
tances. As  it  is  impossible  to  illustrate  or  describe  all 
of  the  power  plants  on  a  system  of  this  magnitude,  at- 
tention will  be  confined  to  the  latest  hydraulic  plant, 
that  of  Wateree. 

The  interior  of  the  Wateree  plant  is  shown  in  Fig. 
69.  This  plant  contains  five  14  000  kv-a  vertical-shaft, 
water-wheel    generators  with  direct-connected   exciters. 
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The  generators  are  set  back  far  enough  from  the  wall 
to  leave  ample  space  inside  the  power  house  for  run- 
ning in  through  suitable  doors  the  step-up  transformers 
that  are  located  immediately  outside  the  building  on  a 
concrete  platform  overlooking  the  tail  race,  as  shown  in 
Fig.  70.  These  transformers  are  the  14  000  kv-a,  three- 
phase,  water-cooled  units  illustrated  in  Fig.  13.  The 
power  house  forms  the  shore  end  of  the  dam  with  the 
step-up  transformers  located  immediately  outside  of  the 
building  so  as  to  reduce  to  a  minimum  the  length  of  the 
low-tension  leads. 

The  high-tension  leads  from  these  transformers  are 
run  diagonally  to  the  switch  yard  on  the  bank  at  the 
power  house  end  of  the  dam  on  the  down  stream  side. 
These  transformer  leads  are  approximately  300  ft.  long 
and  are  supported  by  strain  insulators  attached  to  the 
power  house  building  and  similar  insulators  Attached  to 
the  steel  work  of  the  transformer  yard. 

One  very  interesting  feature  of  this  switch  yard  is 
that  it  consists  of  a  concrete  platform  set  up  on  con- 
crete pillars  at  such  a  height  as  to  be  beyond  the  flood 
level.     A  general  view  of  this  switch  yard  is  shown  in 


stepping  up  to  44  kv,  and  supplying  energ}'  to  the 
Halesbar  Chattanooga  North  line,  and  the  Halesbar 
Chattanooga  South  line.  Three  10  000  kv-a,  three- 
phase  transformers  and  one  12000  kv-a  diree-phase 
transformer  step  the  voltage  up  to  120000  for  the 
Halesbar  College  Junction  line.  These  Tennessee  sys- 
tems tie  in  with  the  plant  of  the  Aluminum  Company 
of  America,  whose  Marysville  No.  i  plant  receives 
power  at  110  kv  from  the  Tennessee  Power  Company. 
At  this  plant  there  are  fifteen  3500  kv-a,  single-phase 
transformers  stepping  down  from  no  kv  to  the  volt- 
age needed  for  nineteen  2500  kw,  six-phase  rotary-con- 
verters. The  transformers  are  arranged  in  delta- 
connected  banks  with  one  spare  on  the  high-tension  side 
of  each  transformer  and  four  independent  secondaries 
so  arranged  that  a  bank  of  three  3500  kv-a  transformers 
will  supply  the  current  for  four  six-phase  converters, 
using  the  diemetral  system  of  connections. 

The  Aluminum  Company  of  America  has  a  hydro- 
electric plant  on  the  Little  Tennessee  River,  containing 
four  20000  kv-a  vertical-shaft  waterwheel  generators, 
the   energ)'   from    this   plant   being   transmitted   to   the 


Fig.  22.  The  outgoing  transmission  lines  from 
Wateree  to  the  Great  Falls  switching  station  are  carried 
across  the  river  on  towers. 

THE  TENNESSEE    POWER   COMPANY 

The  Tennessee  Power  Company,  that  connects  with 
the  Georgia  Power  Company's  line  may  be  considered 
as  one  of  the  groups  of  large  systems  in  the  south- 
eastern part  of  the  United  States.  This  system  had  an 
original  installation  of  approximately  15  000  kw,  with 
an  ultimate  capacity  of  75  000  kw,  transmitting  power 
over  two  lines  at  120  kv  from  Cleveland  to  Nashville, 
Tennessee  a  distance  of  140  miles. 

Station  No.  2  contains  two  10  000  hp  horizontal- 
shaft  waterwheels  operating  under  a  head  of  250  feet, 
driving  two  9375  kv-a  generators,  with  9375  kv-a  three- 
phase  transformers  connected  delta-delta,  stepping  up 
to  120000  volts,  one  furnishing  energy  to  the  Parkes- 
ville  north  line,  the  other  to  the  Parkesville  south  line. 

The  plant  at  Halesbar,  originally  the  property  of 
the  Chattanooga  and  Tennessee  River  Power  Company, 
contains  a  number  of  3133  kv-a  vertical-shaft,  6600 
volt,  three-phase,  60-cycle  generators  with  transformers 


FIG.   70 — tXlERIOR  VIEW  OF  WATEREE  GENERATING   STATION 

Showing  location  of  outdoor  transformers. 
IVIarysville  No.  2  station,  where  three  14  000  kv-a 
single-phase  outdoor  transformers  reduce  the  voltage  to 
13  200,  these  in  turn  feeding  other  outdoor  transformers 
supplying  power  to  fourteen  2500  kw  rotary-converters. 
The  Maiysville  No.  3  ])lant  receives  power  at  140  kv, 
stepping  it  down  by  outdoor  transformers  and  supplying 
current  at  13  200  volts,  to  twenty  5000  kw  converters. 
Various  water-power  plants,  aggregating  about  300000 
kv-a  are  under  consideration  for  supplying  energy  to 
various  rotary-converter  stations. 

The  Parkesville  No.  i  generating  station  contains 
five  3750  kw,  2300  volt,  three-phase,  60-cycle,  hori- 
zontal-shaft generators  driven  by  5400  hp  waterwheels 
at  360  r.p.m.,  and  there  are  four  3750  kv-a.  O.  I.  W.  C. 
three-phase  transformers  stepping  up  from  2300  to 
66000  volts,  power  being  transmitted  to  Cleveland,  a 
distance  of  13  miles  from  the  power  house.  At  the 
Cleveland  switching  station  a  line  approximately  26 
miles  long  runs  to  Chattanooga,  another  line  approxi- 
mately 85  miles  northeast  to  Knoxville.  and  a  line  70 
miles  south  to  Rome,  Ga. 


As  .'\ooljsd  'CO  c>oiii,ii  ;r.;i,il   Work 

J.    \V.   LrGG 

Materials  &  Process  Engineering  Dcpt., 
Westinghouse  Electric  &  Mfg.  Company 

The  portable  oscillograph  recently  constructed  in  the  experimental  department  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  proved  itself  to  be  exceptionally  flexible  in  its  adaptibility  to  extremes  of  service 
conditions.  A  description  of  this  oscillograph  was  presented  in  the  A.  I.  E.  E.'  Journal  for  July  1920. 
Emphasis  of  certain  features  and  a  description  of  re-  nt  commercial  applications  are  given  in  the  follow- 
ing article. 


THE  method  of  analyzing  electrical  problems  by 
oscillograms  is  growing  rapidly  in  importance 
with  the  natural  growth  in  size  and  number  of 
inter-connected  power  systems.  This  makes  it  highly 
desirable  that  what  has  hitherto  been  considered  as 
primarily  a  laboratory  instrument,  difficult  to  move,  and 
requiring  considerable  time  to  set  up  in  a  new  location, 
should  be  so  motlihed  as  to  be  readily  portable.     Not 


the  induction  motor,  fitted  with  step  grooved  pulleys 
and  back  gears;  the  transforiner ;  the  lamp  control 
rheostat;  the  double-pole  double-throw  switch  for  no 
or  220  volt  transformer  operation;  the  single-pole, 
double-throw  switch  for  connecting  the  motor  to  55 
volts  for  low-frequency  or  no  volts  for  high  frequency 
operation ;  and  the  protecting  fuses. 

The  series  elertroinagnet  galvanometer  only  7  by  7 


AlTinieter  i)Witch 


Trip  Magnet  Operaeor 


FIG.    I — FRONT  VIF.W   OF   OSCILLOGRAl'H    CONNECTED   TO  OPER.\TING    .MFCII  A  \  IS  M 


only  has  this  been  accomphshed  without  any  sacrifice 
in  precision  of  measurement  or  reliability,  but  addi- 
tional features  have  been  incorporated  which  make  the 
new  oscillograph  simpler  to  manipulate  and  give  it  a 
much  wider  range  of  application  than  its  predecessors. 
The  new  oscillograph  is  complete  in  two  units,  as 
shown  in  Fig.  i.  The  main  case  is  14  inches  high,  13 
inches  wide  and  25  inches  long,  overall.  The  housing 
for  the  incandescent  lamp  is  shown  at  the  extreme  left. 
The  photographic  drum  and  driving  head  are  attached 
to  the  optical  box.  Beneath  are  the  control  switches 
and  the  ammeter  for  indicating  the  field  current  of  the 
galvanometer.     The  motor  board  is  separate  and  carries 


by  4.25  inches,  over  all,  is  shown  in  Fig.  2.  By  the  use 
of  four  insulating  gaps  and  three  effective  (element) 
gaps  in  series  in  the  magnetic  field  circuit,  each  of  the 
three  elements  is  insulated  for  over  10  000  volts  from 
its  neighbor,  and  still  the  flux  between  the  pole  tips  is 
sufficiently  strong,  with  but  10  watts  applied  to  a  single 
exciting  coil. 

GALVANOMETER  VIliRATOR 

The  vibrator  element.  Fig.  3,  has  a  very  rugged 
construction.  The  frame  is  turned  from  a  single  piece. 
One  binding  post  is  grounded  to  the  frame  while  the 
other  is  connected  to  one  solder  terminal  which,  with 
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its  insulating  bushing,  passes  through  the  frame  at  a 
slant.  The  fine  vibrating  ribbon  is  soldered  to  this 
terminal  and  passes  through  one  set  of  slots  in  the  two 
ivory  bridges,  thence  around  the  tiny  ivory  pulley,  back 
over  the  bridges  in  the  other  set  of  slots,  and  is  soldered 
to  a  grounded  terminal.  The  ivory  pulley  is  on  a  bal- 
anced lever  the  other  end  of  which  receives  the  proper 
tension  from  an  adjustable  spring,  located  in  a  recess 
in  the  rear  of  the  frame.  The  tiny  mirror  is  cemented 
across  the  vibrating  ribbons  half  way  between  the 
bridges.  The  parallel  ribbons  are  within  a  hair's 
breadth  of  one  another.  When  in  the  galvanometer 
they  are  located  in  a  strong  magnetic  field,  so  that  when 
the  current  passes  down  one  and  up  the  other,  they 
Iwist  the  mirror  in  proportion  to  the  current.  The  ele- 
ment top  completely  closes  the  damping  fluid  well,  so 
that  the  oil  need  not  to  be  removed  during  transporta- 
tion. 

The  panel,  which  gives  control  of  the  element  cir- 
cuits, can  be  seen  in  Fig.  4.  There  are  two  dials  to  con- 
trol the  resistances  for  the  element.  The  resistances 
are  wound  on  thin  micarta  cards,  so  as  to  be  nearly 
non-inductive,  and  are  located  beneath  the  galvanometer 
compartment.     The  upper  dial   ranges  from  o  to   100 


of  a  revolution  ahead  of  the  opening  of  the  shutter. 
This  should  be  set  to  equal  slightly  less  than  the  time 
which  will  be  required  for  the  remote  control  apparatus 
to  function.  As  is  the  case  with  several  other  makes, 
this  oscillograph  records  the  instantaneous  values 
of  three  currents  or  voltages  accurately  to  a  fraction  of 
a  thousandth  of  a  second.  The  length  of  the  exposure 
depends  on  the"  speed  of  the  photographic  drum.  With 
this  apparatus  the  drum  speed  may  be  varied  from 
about  twelve  hundred  to  sixty  revolutions  per  minute, 
giving  an  exposure  of  from  0.05  second  to  10  seconds. 
For  fast  films  the  incandescent  lamp  is  placed, 
momentarily,  on  a  60  percent  excess  voltage,  which,  if 
continued,  would  cause  the  lamp  to  burn  out  in  less  than 
one  second.  Either  a  filament  for  a  very  heavy  cur- 
rent (18  amperes  or  more)  or  a  specially  constructed 
ribbon  filament  is  used.  With  the  automatic  lamp  con- 
trol of  this  oscillograph,  thousands  of  films  may  be 
taken  before  burning  out  the  lamp.  For  slow  films, 
which  have  been  taken  up  to  three-quarters  of  an  hour 
exposure,  the  lamp  needs  but  slight  abnormal  voltage. 

EXAMPLE  OF  OPERATION 

The  operation  of  this  oscillograph  can  best  be  un- 
derstood by  giving  an  example  of  the  various  opera- 
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ohms  while  the  lower  (larger)  dial  ranges  from  100  to 
10  000  ohms.  As  the  element  takes  about  0.12  ampere 
per  inch  deflection  on  the  photographic  drum,  it  is  seen 
that  one  lower  dial  is  sufficient  to  give  proper  element 
deflection  for  peaks  as  high  as  4000  volts  direct-current, 
of  1500  volts  alternating-current.  The  upper  resist- 
ance dial  should  be  used  for  e.ni.f.'s  below  ten  volts,  or 
for  regulating  the  deflection  of  an  element  when  across 
p.  current  shunt.  By  the  use  of  a  double  set  of  binding 
posts,  together  with  a  double-pole,  double-throw 
switch,  the  element  may  be  switched  quickly  from  a 
voltage  recording  position  to  a  current' recording  posi- 
tion, without  changing  connections. 

The  side  of  the  optical  box  is  shown  in  Fig.  5,  with 
the  driving  head  and  the  lilm  drum  attached.  The 
novel  features  are: — the  focal  plane  drum  shutter  and 
mechanical  shutter  release ;  the  trip  magnet  and  remote 
control  switch ;  and  the  limp  extinguishing  switch. 
The  double  conductor,  passing  to-  the  driving  head,  is 
in  the  trip  magnet  circuit.  An  adjustable  contact,  on 
the  driving  head,  closes  this  ciicuit  any  desired  fraction 


FIG.    3 — GALVANOMETER    VIRRATOR    ELEMENT 

tions  in  their  proper  sequence.  The  oscillogram  shown 
in  Fig.  6,  is  a  record  of  the  magnetic  blowout  action  of 
a  railway  switch  or  circuit  breaker.  The  lower  curve 
(left  hand  element)  is  a  record  of  the  building  up  of 
the  current  through  an  inductive  reactance,  then  the 
cutting  off  of  the  current  by  the  rupture  of  the  arc 
formed  across  the  separating  contacts  by  the  magnetic 
blowout  action  of  the  switch.  The  element,  in  series 
with  its  low-resistance  dial,  was  placed  across  a  non- 
inductive  shunt  to  obtain  the  instantaneous  current. 
The  center  element  was  placed  in  series  with  its  high- 
resistance  dial  across  the  jaws  of  the  circuit  breaker, 
and  thus  gave  a  record  of  the  instantaneous  voltage  of 
the  arc.  The  third  element  was  used  for  a  timing 
wave,  to  determine  the  true  speed  of  the  film  for  that 
particular  belt  position.  A  belt  position  was  chosen 
which  would  give  the  photographic  drum  one  revolution 
in  somewhat  greater  time  than  it  would  take  for  the 
current  to  build  up  and  break.  This  timing  wave,  from 
the  25  cycle,  no  volt  motor  transformer  supply,  shows 
that  the  film  had  a  speed  of  9.3  inches  in  five  cycles. 
Thus,    for   this    particular  belt   position    and   25    cycle 
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supply  to  the  driving  motor,  one  inch  on  the  fihn  re- 
presents (5  -^  (25  X  9-3o)  =)  0.0215  second.  Any 
number  of  films  may  be  taken  at  this  speed  with  no 
more  than  0.2  percent  variation  in  speed,  assuming  the 
frequency  constant.  As  the  time  taken  for  the  switch 
to  close,  after  excitation  of  the  rcmott-controlled  oper- 
ating magnet,  was  about  o.i  second,  the  contact,  on  the 
oscillograph  driving  head  was  set  for  about  4.75  inches 
lead  of  the  film,  ahead  of  the  position  on  the  film  where 
the  operator  desired  the  current  record  to  start.  The 
breaker  was  set  to  trip  after  the  full-load  current  value 
was  passed. 

For  Any  Test : — The  transformer  switch  was 
placed  in  the  down  position  for  no  volt  operation.  The 
motor  switch  was  turned  to  the  left  for  25  cycle  opera- 
tion, thus  revolving  the  film  at  the  predetermined  speed. 
The  galvanometer  field  switch  was  closed  (the  am- 
meter indicating  the  proper  field  strength).  Then  the 
lamp  control  rheostat  was  turned  to  the  abnormal  volt- 
age position  against  the  trip  magnet  stop.  As  the  con- 
tact on  the  driving  head  short-circuited  the  brushes  in 
the  trip-magnet  circuit,  the  latter  released  the  remote 
control  switch,  which  closed  the  operating  magnet  cir- 
cuit in  the  railway  switch.     Before  the  switch  became 


across  the  jaws  from  the  stored  energy  of  the  induct- 
ance; this  high  voltage  caused  a  re-establishment  of  the 
arc  across  the  electrodes  accompanied  by  a  decrease  in 
arc  voltage ;  other  re-establishments  followed ;  when  the 
stored  energy  of  the  inductance  was  nearly  dissipated, 
the  arc  was  at  last  blown  out  successfully.  All  of  this 
occurred  in  a  veiy  short  space  of  time.  The  record  of 
the  rupture  of  the  arc  extended  over  2.3  inches  of  the 
film,  which  represents  0.05  second.  The  current  built 
up  for  0.12  second  before  rupture  started.  This  par- 
ticular switch  was  rated  at  200  amperes,  while  this  test 
was  made  at  1000  amperes  with  a  huge  reactance. 

C0MMERCI.^L  DESIGN  INFLUENCED  BY  OSCILLO- 
GRAPHIC STUDY 

An  example  of  the  great  value  of  the  oscillograph 
is  shown  by  comparing  the  two  oscillograms.  Fig.  6  and 
Fig.  7.  The  two  films  were  taken  at  the  same  speed 
and  same  sensitivity  of  elements,  hence  they  can  be 
directly  compared.  The  latter  shows  the  action  of  an 
old  switch  of  the  same  rating,  put  to  the  same  test. 
After  an  oscillograph  and  high  speed  camera  study, 
a      new      switch      was      developed      which      ruptures 


FIG.   4 — OSCILLOGRAPH    SET   UP    Ful- 


fully  closed,  the  shorter  shutter  finger  was  dropped  by 
the  shutter  release  crosshead ;  the  focal  plane  drum 
shutter  was  thus  snapped  open  (at  the  overlapping  of 
the  film)  and  the  longer  finger  held  the  shutter  open. 
During  the  first  half  of  the  exposure  the  crosshead 
made  an  inward  stroke,  which  shortened  the  radial 
length  of  the  second  finger.  As  the  crosshead  receded, 
a  spring  caught  and  held  the  second  finger  at  the  same 
radial  length  as  the  first  finger,  hence  the  second  finger 
was  dropped  by  the  crosshead  and  the  shutter  closed, 
one  revolution  after  the  first  finger,  thus  giving  just  one 
revolution  exposure  to  the  photographic  drum.  A 
radial  arm  on  the  shutter  shaft  struck  against  the  lamp 
extinguishing  switch  (located  between  the  trip  magnet 
and  the  case)  as  the  shutter  snapped  closed,  thus  open- 
ing the  lamp  circuit  and  preventing  the  destruction  of 
the  filament  by  the  over-voltage  applied. 

During  this  exposure  the  switch  actually  closed ; 
the  current  built  up  in  the  inductive  circuit ;  the  switch 
jaws  opened ;  the  arc  established  across  the  jaws  was 
blown  out  by  reaction  of  a  series  magnetic  field ;  the 
sudden  decrease  in  current  caused  a  higfh-voltage  kick 


FIG.    5— SHUTTER   TRIP   AND   REMOTE   CONTROL    JIECHANISM 

even  a  greater  current  in  one  third  the  time.  Further- 
more, the  voltage  characteristic  of  the  new  switch  is 
predominantly  high,  (as  is  also  shown  by  high  speed 
camera  pictures*)  showing  that  the  arc  keeps  out  on  the 
horns,  while  the  voltage  characteristic  of  the  old  switch 
is  predominantly  low  showing  that  the  arc  tends  to  hang 
in  near  the  contacts,  thus  unduly  pitting  them  and 
shortening  their  life.  Notice,  however,  that  the  peak 
voltages  are  about  the  same  for  the  two  switches.  The 
initial  and  final  line  e.m.f.,  is  seen  to  be  600  volts.  As 
could  be  foretold  from  the  oscillograms,  the  life  of  the 
new  switch  proved  to  be  many  times  that  of  the  old 
form,  and  its  successful  ultimate  rupturing  capacity 
was  several  times  greater. 

With  the  special  automatic  control  of  the  incan- 
descent lamp  and  shutter  it  has  been  possible  to  take 
and  develop  nearly  a  hundred  oscillograph  films  in  one 
day,  for  no  re-adjustment  of  the  oscillograph  is  needed 
Vvhen  it  is  once  set  up  for  a  particular  test.  Oscillo- 
grams have  been  made  at  the  rate  of  more  than  one  a 
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minute,  when  little  or  no  adjustment  was  required  on 
the  circuit  being  tested.  Several  hundred  oscillograms 
have  been  made  without  changing  a  single  adjustment 
on  the  oscillograph. 

TESTS  MADE  ON  ELECTRIC  CARS 

An  example  of  the  extreme  portability,  flexibility, 
and  reliability  of  the  nevk^  oscillograph  was  shown  in 
the  tests  made  on  cars  of  the  United  Railways  &  Elec- 
tric Company  of  Baltimore.  Tests  were  made  on  one 
car.  Then  the  apparatus  was  transferred  to  a  multiple- 
unit  control  car,  and  arranged  so  that  over  two  dozen 
combinations  of  voltage  and  current  could  be  obtained 
from  various  parts  of  the  motor  and  switch  circuits. 
The  oscillograph  incandescent  lamp  was  operated  from 
a  12  volt  lighting  battery  borrowed  from  an  auto- 
mobile. A  toy  motor,  running  from  the  storage  battery, 
was  used  to  drive  the  film  drum.  Over  forty  films  were 
taken  in  one  day,  nearly  all  of  them  with  the  car  in 
motion.  None  of  these  films  were  developed  until  after 
the  apparatus  was  all  taken  away,  yet  but  one  film  of  the 
whole  lot  was  spoiled,  and  that  because  it  accidently  fell 
in  the  fixing  bath  before  it  was  placed  in  the  developer. 
AH  of  these  films  were  of  transients  which  were  auto- 
matically started  within  an  inch  or  two  of  the  beginning 
of  the  film.  They  gave  instantaneous  records  of  cur- 
rent and  voltage  for  various  operations,  such  as: — 
change  from  one  controller  notch  to  another;  change 
from  series  to  parallel  operation  of  motors;  application 
of  an  excessive  current  which  operated  the  overload 
trip;  reversal  of  the  motors  with  power;  braking  by 
bucking  one  motor  against  the  other;  acceleration  at 
normal  and  at  abnormal  speeds;  interruption  of  line 
voltage;  etc.  Fig.  4  shows  the  portable  oscillograph 
set  up  during  these  tests  in  Baltimore.  This  apparatus 
IS  more  complete  than  most  oscillographs  which  are 
mounted  on  two  trucks,  an  oscillograph  truck  and  a 
storage  battery  truck. 

A  good  oscillogram,  from  an  engineer's  standpoint, 
is  one  with  the  finest  lines  possible  which  will  still  be 
clear  in  the  original  print.  With  such  fine  lines  the 
current  and  voltage  curves  may  be  scaled  accurately. 
On  the  other  hand,  the  curves  must  be  heavy  to  show 
well  in  publications,  but  such  curves  are  not  as  desirable" 
for  extreme  accuracy.  Hence  an  oscillogram  cannot  be 
judged  from  a  cut  in  a  publication  as  the  best  oscillo- 
grams will  need  to  be  touched  up  or  traced. 

Fig.  8  is  a  record  of  fast  acceleration  of  a  multiple- 
unit  car.  The  curve  with  its  zero  line  at  the  bottom  is 
that  of  total  motor  current.  The  central  zero  line  is 
for  armature  voltage,  £a-  Ihe  upper  zero  line  is  for 
series  field  voltage  (deflection  down)  Ey.  The  scale  of 
time  is  shown  at  the  bottom  of  the  oscillogram  with  the 
start  of  current  taken  as  zero.  The  oscillogram  shows 
the  building  up  of  current  and  voltage  as  the  controller 
passes  through  the  nine  notches.  Transition  from 
series-parallel  to  parallel  motors  occurs  2.5  seconds 
after  start.  The  ninth  notch  is  reached  at  4.3  seconds. 
The  record  continues  to  the  seventh  .second.     The  cur- 


rent on  the  first  notch  shows  the  building  up  effect  of 
inductance,  but  on  the  later  notches  it  shows  a  decline, 
after  the  initial  kick,  due  to  the  increasing  back  e.m.f., 
of  the  armatures  produced  by  acceleration.  The  arma- 
ture voltage  shows  the  initial  inductive  kick  and  an  in- 
creasing drop  due  to  the  acceleration.  At  transition  the 
armature  voltage  drops  momentarily  and  the  field  volt- 
age momentarily  reverses.  The  field  voltage  is  mainly 
inductive.  The  fine  oscillations  are  due  to  the  brushes 
passing  over  commutator  segments.  The  maximum 
current,  on  the  ninth  notch,  is  seen  to  be  560  amperes. 
This  dies  down  to  310  amperes  at  the  end  of  the  ex- 


FIG.   6 — RAILWAY   SWITCH    TESTS 

25   cycle   timing  wave.     looo  amperes,  600  volts,    17   milli- 
henries.    R  =  E  -i-  I  =  600  -f-  1000  =  0.6  ohms.     When  /  = 

632,  t  =  0.0282  sec.    L  ^  iR  =  0.0169  henry.    I  —  -^  I    1  — 
i      i-  ).    h  =^  0.632  X  /u  at  /  =  L/R  for  e  =  2.718. 

FIG.   7 — RAILWAY  SWITCH   TEST 

1000  amperes,  600  volts,  17  millihenries,  0.6  ohms. 

FIG.  8 — OSCILLOGRAM  OF  FAST  ACCELERATION  OF  TYPE  HL  MULTIPLE- 
UNIT  CONTROL  GEAR   WITH    FOUR    MOTORS 

FIG.   9 — OSCILLOGRAM   OF  BRAKING   BY  THE   LOOP   METHOD 

No  power  from  trolley.     Controller  on  first  notch  reverse. 

posure    (6.9  second)    with  an   armature  e.m.f.   of  425 
volts  and  a  field  e.m.f.  of  20  volts. 

Fig.  9,  is  a  record  of  braking  by  the  loop  method. 
Three-tenths  second  before  the  start  of  the  exposure  the 
oscillograph  remote  control  switch  started  the  electro- 
pneumatic  operation  of  the  reverser,  which  connected 
the  motors  so  that  the  residual  field  of  one  caused  that 
one    to    build    up    as    a    generator    and    force    current 
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through  the  other  as  a  motor,  both  of  which  tend  to 
bring  the  car  wheels  to  a  stand-still.  The  film  shows 
the  building  up  of  the  current  to  380  amperes  and  the 
dying  away  of  the  current  as  the  car  wheels  slip.  This 
was  followed,  a  moment  later,  by  a  second  building  up 
and  a  second  slipping  of  the  wheels,  etc.,  until  the  car 
came  very  nearly  to  a  stop.  The  field  voltage  and 
armature  voltage  curves  are  also  shown.  At  time  0.18 
second  the  wheels  began  to  slip,  as  shown  by  the  kick 
in  the  current.  At  time  0.195  second  a  sputter,  under 
the  brush,  caused  a  more  rapid  decrease  of  current  and 
a  kick  in  the  field  voltage  wave.  In  the  original  print 
the  fine  oscillations  in  the  field  voltage  wave  can  be 
counted  to  determine  the  instantaneous  rate  at  which 
the  commutator  segments  passed  under  the  brush. 
From  this  the  instantaneous  speed  of  the  car  can  be 
determined.  The  extreme  jolting  of  the  car  had  no 
effect  on  the  accuracy  of  the  oscillograph  record. 

This  oscillogram  also  brings  out  the  great  ease  with 
which  zero  lines  can  be  located.  The  exposure  always 
begins  just  slightly  before  the  overlapping  part  of  the 
film,  hence  on  the  outstretched  film  the  initial  deflection 
is  shown  at  both  ends.  Usually  the  initial  deflection  is 
zero  for  at  least  one  element,  when  transients  are  being 
taken.  Consequently  straight  inked  lines  can  be  drawn 
as  zero  lines  with  the  extremes  of  the  film  as  gauge 
points. 

MULTIPLE  OPER.\TION   OF   OSCILLOGRAPHS 

For  moderate  speed  films  (of  one-half  second  ex- 
posure or  over)  any  number  of  portable  oscillographs 
can  be  operated  simultaneously  and  still  be  located  in 
different  stations  and  record  the  different  local  effects 
of  the  same  transient  started  by  the  remote  control 
switch  of  one  of  the  oscillographs.     The  closing  of  one 


switch,  which  supplies  the  motors  and  lamps  of  the 
several  oscillographs,  would  cause  the  motors  to  bring 
each  photographic  drum  up  to  speed,  in  about  o.i  sec- 
ond, and  also  bring  the  lamps  up  to  abnormal  brilliancy 
and  start  the  remote  control  apparatus  so  as  to  bring 
the  transient  on  the  film  at  the  desired  place.  By  re- 
connecting the  lamp-extinguishing  switch,  it  can  be 
made  to  break  the  motor  circuit,  as  well,  and  thus  the 
photographic  drums  will  make  but  two  revolutions  each, 
one  revolution  being  the  effective  exposure,  and  the 
other  for  starting  and  stopping.  In  cases  where  there 
is  a  possibility  of  high  voltage  danger  this  alternating- 
current  supply  switch  can  be  operated  at  a  safe  distance 
by  pulling  a  string. 

The  making  of  nine  simultaneous  records  on  three 
films,  using  three  oscillographs,  was  made  very  simply 
by  the  special  devices  on  the  portable  oscillograph. 
Hundreds  of  films  were  taken,  in  this  way,  of  oil  switch 
tests  at  13  200  volts  with  three-phase  currents  up  to 
27000  amperes.  The  pulling  of  a  single  string  closed 
the  motor  and  lamp  circuit  of  the  portable  oscillographs. 
One  motor  drove  the  three  photographic  drums,  the 
three  lamps  were  placed  in  series  across  the  abnormal 
voltage.  The  13  200  volt  closing  switch  was  actuated 
from  the  oscillograph  remote  control  switch,  the  films 
were  exposed  simultaneously  and  the  closing  of  the 
drum  shutter  tripped  the  little  circuit  breaker  in  the 
motor  and  lamp  circuit,  thus  preventing  the  destruction 
of  the  lamps.  Out  of  the  first  seventy-five  films  there 
were  but  three  failures,  which  were  due  to  damaged 
film  holders,  and  not  to  any  novel  featvire  of  the  port- 
able oscillograph.  The  special  features  of  this  oscillo- 
graph probably  saved  the  company  which  built  it  an 
amount  equal  to  the  cost  of  the  apparatus,  in  two 
months  time. 
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THE  inductor  type  synchronoscope,  an  instrument 
similar  in  general  appearance  to  other  switch- 
board meters  and  more  accurate  and  dependable 
than  lamps,  is  most  commonly  used  as  a  synchronism 
indicator.  There  are  other  forms  of  synchronoscopes, 
but  only  the  inductor  type,  such  as  shown  schematically 
in  Fig.  99,  will  be  considered.  The  instrument  has  two 
windings,  one  shown  at  the  upper  part  of  the  case  for 
connecting  to  the  incoming  machine,  and  the  other  at 
the  lower  part  for  connecting  to  the  running 
machine.  The  running  winding  consists  of  two 
parts,  one  of  which  is  connected  in  series  with  a  non- 
inductive  resistance  and  the  other  with  an  in- 
ductive resistance  in  order  to  produce  a  rotating 
field  necessary  for  the  operating  elements.     The  pointer 


can  rotate  freely  in  either  direction,  and  is  so  arranged 
that  when  the  frequency  of  the  incoming  machine  is 
lower  than  that  of  the  running  machine  it  rotates  in  the 
direction  indicated  by  slow  on  the  dial,  or  if  the  fre- 
quency of  the  incoming  machine  is  higher  than  that  of 
the  running  machine  it  will  rotate  in  the  opposite  direc- 
tion, indicated  by  fast  on  the  dial.  When  the  fre- 
quencies of  both  machines  are  the  same,  the  pointer  will 
stop  at  some  position  around  the  dial,  depending  on  the 
angle  by  which  the  voltage  of  the  incoming  machine  is 
out  of  phase.  The  instrument  is  so  designed  that  when 
the  two  machines  are  in  synchronism  the  pointer  will  be 
in  a  vertical  position  pointing  upward,  and  that  posi- 
tion is  the  only  one  marked  on  the  dial.  Thus  the  in- 
strument indicates  when  the  frequencies  of  the  two  ma- 
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chines  are  the  same  and  also  when  they  are  exactly  in 
synchronism. 

Connections  for  synchronizing  between  any  gen- 
erator and  bus  are  shown  in  Fig.  lOO.  •  The  synchroniz- 
ing switches  are  the  same  as  in  Fig.  97.*  In  order  to 
synchronize  any  generator,  the  key  is  inserted  in  the 
synchronizing  switch  of  that  generator  and  the  switch 
is  moved  to  the  ON  position.  Then,  beginning  with  the 
voltage  transformer  connected  to  the  generator,  the  side 
of  the  secondary  in  which  the  fuse  is  shown,  is  con- 
nected through  points  j  and  2  of  the 
synchronizing  switch  to  the  incoming 
synchronizing  bus  /,  and  from  this  bus 
through  the  incoming  winding  of  the 
synchronoscope  to  the  ground  wire 
which  completes  the  circuit  to  the 
other  side  of  the  secondary  of  the 
voltage  transformer.  The  correspond- 
ing side  of  the  secondary  of  the  volt- 
age transformer  connected  to  the  bus, 
in  which  the  fuse  is  shown,  is  connected  to  the  syn- 
chronizing bus  B,  from  this  bus  through  points  4  and  5 
of  the  synchronizing  switch  to  the  running  syn- 
chronizing bus  R,  and  from  this  bus  through  the  run- 
ning winding  of  the  synchronoscope  to  the  ground 
wire  which  completes  the  circuit  to  the  other 
side  of  the  secondary  of  the  voltage  transformer.  When 
thus  connected,  the  synchronoscope  indicates  when  the 
incoming  generator  is  in  phase  with  the  bus.  The  small 
arrows  show  the  directions  that  the  voltages  must  take 
through  the  windings  at  the  same  time  so  that  the  in- 
strument will  indicate  synchronism.  ^y"- 


FIG.  99 — SYN- 
CHRONOSCOPE 
CONNECTIONS 


From  Oen-  A  From  Gen.  B 

FIG.    100 — SYNCHRONIZING   BETWEEN   ANY   GENERATOR   AND   BUS 

The  connections  in  Fig.  101,  are  for  synchronizing 
between  any  two  generators.  The  synchronizing 
switches  are  the  same  as  shown  in  Fig.  98,  two  keys  be- 
ing necessary.  If  it  is  assumed  that  generator  A  is  run- 
ning and  that  generator  B  is  to  be  synchronized  with 
A,  first  the  running  key  is  inserted  in  the  synchroniz- 
ing switch  on  the  switchboard  panel  controlling  gen- 
erator A  and  the  switch  is  moved  to  the  running  posi- 
tion, and  then  the  incoming  key  is  inserted  in  the  syn- 
chronizing switch,  on  the  panel  controlling  generator  B, 
to  move  that  switch  to  t!  c  incoming  position.  Trac- 
ing through  the  synchronizing  circuits,  beginning  with 
*In  the  Journal  for  Nov.  20,  p    537. 


the  voltage  transformer  connected  to  generator  /I,  the 
side  of  the  secondary  in  which  the  fuse  is  shown  is  con- 
nected through  points  2  and  J  of  the  synchronizing 
switch,  to  the  running  synchronizing  bus  R,  and  from 
this  bus  through  the  running  winding  of  the  synchrono- 
scope to  the  ground  wire  which  completes  the  circuit  to 
ihe  other  side  of  the  secondary  of  the  voltage  trans- 
former. At  the  same  time  the  corresponding  side  of 
the  secondary  of  the  voltage  transformer  connected  to 
generator  B,  in  which  the  fuse  is  shown,  is  connected 
through  points  2  and  /  of  the  synchronizing  switch  to 
the  incoming  synchronizing  bus  /,  and  from  this  bus 
through  the  incoming  winding  of  the  synchronoscope  to 
the  ground  wire  which  completes  the  circuit  to  the  other 
side  of  the  secondary  of  the  voltage  transformer. 

Lamps  are  used  in  addition  to  a  synchronoscope  in 
a  large  majority  of  switchboard  installations  for  the 
purpose  of  providing  a  second  means  for  observing  the 
phase  relation  of  the  voltage  of  the  incoming  machines. 
It  is  the  usual  practice  to  mount  a  synchronoscope  on  a 


FIG.    lOI — synchronizing  BETWEEN   ANY  TWO  GENERATORS 

swinging  bracket  or  small  swinging  panel  at  one  end  of 
a  switchboard,  preferably  at  the  left  hand  end  when 
facing  the  front  of  the  board,  so  that  the  instrument 
may  be  readily  seen  by  the  operator  from  any  position 
along  the  entire  length  of  the  switchboard.  The  most 
convenient  location  for  the  lamps  is  on  the  bracket  or 
panel  near  the  synchronoscope  so  that  while  the  opera- 
tor is  watching  the  synchronoscope  the  lamps  can  also 
be  observed  without  any  special  effort.  Connections 
for  an  arrangement  of  this  kind,  for  synchronizing  be- 
tween any  generator  and  bus,  are  shown  in  Fig.  102. 
The  synchronizing  switches  and  the  connections  are  the 
same  as  in  Fig.  lOO  except  that  lamps  are  connected  be- 
tween the  incoming  and  running  synchronizing  busses. 
The  synchronizing  circuits  can  be  more  easily  un- 
derstood from  the  schematic  diagram  in  Fig.  103,  which 
shows  how  the  incoming  winding  of  the  synchronoscope 
is  connected  across  the  secondary  of  the  generator  volt- 
age transformer  and  the  running  winding  is  connected 
across  the  secondary  of  the  bus  voltage  transformer. 
The  lamps  and  the  secondaries  of  both  voltage  trans- 
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formers  are  connected  in  series,  forming  a  circuit 
similar  to  that  explained  for  Fig.  97,  except  that  here 
the  same  two  lamps  are  used  for  any  generator,  being 
connected  in  by  the  synchronizing  switches  along  with 
the  synchronoscope. 

Connections    for    synchronizing   between    any   two 
generators  with  a  synchronoscope  and  lamps  arranged 


'-.^d- 


m 


riG.    102 — SYNCHRONIZING   BETWEEN   ANY   GENERATOR   AND   BUS 

With  synchronoscope  and  lamps. 

the  same  as  in  Fig.  102  are  shown  in  Fig.  105.  The 
synchronizing  switches  and  the  connections  are  the 
same  as  in  Fig.  loi  except  that  the  lamps  are  connected 
between  the  incoming  and  running  synchronizing  busses. 
A  schematic  diagram  of  the  synchronizing  connections 
for  the  condition  where  generator  A  is  running  and 
generator  B  is  to  be  synchronized  is  shown  in  Fig.  104. 
This  diagram  is  almost  the  same  as  Fig.  103  and  is  self 
explanatory. 


FIG.    103 — SCHEMATIC  DIACR-^M    OF   CIRCUITS    SHOWN   IN   FIG.    102 

In  another  method  of  synchronizing  between  any 
generator  and  bus,  a  lamp  is  located  on  each  switch- 
board panel  controlling  a  generator.  This  method, 
however,  is  seldom  used,  because  it  is  not  convenient 
for  an  operator  to  observe  a  lamp  on  the  switchboard 
panel  and  watch  the  synchronoscope  which  is  located 
somewhere  else  (usually  at  the  end  of  the  switchboard). 
Connections   for  this  method  are   shown  in   Fig.    io6. 


with  an  interlock  contact  that  makes  it  necessary  for 
the  synchronizing  switch  to  be  moved  to  the  incoming 
position  before  the  circuit  breaker  can  be  closed  from 
the  control  switch  on  the  switchboard.  In  Fig.  107, 
connections  are  shown  with  this  arrangement  for  syn- 
chronizing between  any  generator  and  bus.  The  syn- 
chronizing switches  are  similar  to  those  in  Fig.  97,  ex- 


Res.        Winding  of  Syr 

FIG.   104— SCHEMATIC  DIAGRAM  OF  CIRCUITS  SHOWN  IN  FIG.    IQ", 

The  synchronizing  switches  and  the  connections  for  the 
lamps  are  the  same  as  in  Fig.  97,  and  the  synchrono- 
scope is  connected  the  same  as  in  Fig.  100. 

Where  the   circuit  breakers  are  electrically  oper- 
ated,  synchronizing   switches   are    sometimes   provided 


From  Gen-  A 


FIG.    105— SYNCHRONIZING    BETWEEN    ANY    TWO    GENERATORS 

With  synchronoscope  and  lamps, 
cept  that,  as  shown  by  the  development,  there  is  an 
additional  contact  which  closes  between  points  6  and  7 
for  the  electrical  interlock.  The  synchronizing  con- 
nections are  the  same  as  in  Fig.  102,  the  lamps  being 
located  at  the  synchronoscope.  The  circuit  breakers 
are  operated  by  a  standard  four-wire  control  from  a 
control  switch  which  is  equivalent  to  a  single-pole, 
double-throw  knife  switch.  The  development  shows 
the  connections  made  for  the  three  positions,  all  points 
being  open  for  the  off  position,  points  -\-  and  C  being 
connected  together  for  the  close  position,  and  points  -f- 
and  T  being  connected  together  for  the  trip  position. 
The  indicating  lamps  are  connected  so  that  the  red  lamp 


From  Gen  From  Gen. 

FIG.    106 — SYNCHRONIZING   BETWEEN   ANY  GENERATOR  AND  BUS 

With  synchronoscope  and  with  lamps  located  on  the 
switchboard  panels. 

burns  when  the  breaker  is  closed  and  the  green  lamp 
when  the  breaker  is  open.  The  closing  circuit  from 
point  C  on  each  control  switch  is  taken  through  the  in- 
terlock contact  (points  6  and  7)  on  the  synchronizing 
switch  so  that  the  circuit  breaker  will  not  close  when 
the  control  switch  is  thrown  to  the  close  position  un- 


THE   ELECTRIC  JOURNAL 


Vol.  XVII,  No.  12 


less  the  synchronizing  switch  has  first  been  moved  to 
the  ON  position.  This  insures  that  the  synchrono- 
scope  must  be  operating  on  the  incoming  circuit  before 
the  circuit  breaker  connecting  in  that  particular  circuit 
can  be  closed. 

In  Fig.  io8,  connections  are  shown  for  an  ar- 
rangement, similar  to  that  in  Fig.  107,  for  synchroniz- 
ing between  any  two  generators.  As  shown  by  the  de- 
velopment the  synchronizing  switches  have  three  posi- 
tions for  operating  with  two  keys,  the  same  as  those 
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FIG.    107 — SYNCHRONIZING  UETWEEN   ANY   GENERATOR   AND   BUS 

With  synchronizing  switches  interlocked  with  electrically-operated  circuit  breakers, 

in  Fig.  98,  except  that  an  additional  contact  is  made  be- 
tween points  4  and  5,  in  the  incoming  position,  for  the 
electrical  interlock.  The  circuits  formed  when  syn- 
chronizing are  the  same  as  in  Fig.  104. 

Three-phase  voltages  are  commonly  stepped  up  to  a 
high  value  for  transmission  lines  through  transformer 
banks  which  are  connected  in  delta  on  the  low-tension 
side   and    star   on   the   high-tension    side    as 
shown  in  Fig.   109.     Special  connections  are 
necessary    for   synchronizing   around   such   a 
transformer  bank,  because  the  line  voltages  on 
the  high-tension  side  are  shifted  30  degrees 
from  the  corresponding  line  voltages  on  the 
low-tension  side.     The  same  kind  of  a  syn- 
chronizing switch   and  arrangement  of   syn- 
chronoscope  and  lamps  are  used  as  shown  in 
Fig.    102,    but    the    arrangement    of    voltage 
transformers    and    connections    to    the    syn- 
chronizing switch  are  different.     The  phase 
relation  of  the  voltages  may  be  explained  in 
connection   with   the  vector   diagram   in   Fig. 
no.  Voltage  vectors  E^„,  £,3  and  E^^,  120 
degrees  apart,  represent  the  low-tension  line 
voltages  and  also  the  phase  voltages  in  the 
delta-connected      winding      of      the      trans- 
former   bank.         £„  „    £„ ,    and    £„  3    represent    the 
corresponding  phase  voltages  in  the  high-tension  star- 
connected     winding    of    the     transformer    bank,     or 
the   voltages    from    the    neutral    point    to    each    high- 
tension     line     respectively.      The     high-tension     line 


voltage  HE^ ,  from  line  /  to  line  <?  is  equal  to  £„  1  — 
E„  2  (vectorially)  and  is  30  degrees  ahead  of  the  low- 
tension  line  voltage  £1 2-  Likewise  HE^  3  and  HE^  j, 
30  degrees  ahead  of  £,  3  and  £3 1  respectively,  represent 
the  high-tension  line  voltages  from  line  ^  to  5  and  j  to 
/.  The  high-tension  line  voltage  HE^  3  is  used  for  syn- 
chronizing, the  voltage  transformer  being  connected  be- 
tween lines  2  and  5  on  the  high-tension  bus.  E^  re- 
presents the  voltage  on  the  secondary  side  of  the  high- 
tension  bus  transformer,  and  is  the  voltage  connected 
to  the  incoming  winding  of  the  syn- 
chronoscope  through  the  syn- 
chronizing switch.  In  order  to 
produce  a  voltage  from  the  low- 
tension  bus  in  phase  with  £1,  two 
voltage  transformers  are  used,  one 
having  a  middle  tap  on  the  second- 
ary winding.  The  voltage  trans- 
former with  the  middle  tap  is  con- 
nected between  lines  /  and  2  and 
the  standard  transformer  between 
lines  2  and  J.  On  the  vector  dia- 
gram the  vectors  E^  ^  and  ^2  3  niay 
be  used  also  to  represent  the  volt- 
ages on  the  secondary  side  of  the 
voltage  transformers  and  therefore 
J^  £1 2  represents  the  voltage  be- 
tween the  middle  tap  and  an  out- 
side lead  on  the  secondary  of  the  special  trans- 
former. The  voltage  £r,  equal  to  £53  -\-  Yi  Eit 
(vectorially),  is  30  degrees  ahead  of  £2  g  and  is  in  phase 
with  £,.  The  voltage  £r  is  connected  to  the  running 
winding  of  the  synchronoscope  through  the  synchroniz- 
ing switch.  The  synchronoscope  thus  connected  in- 
dicates when  the  voltages  are  in  phase   for  the  two 
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FIG.    108 — SYNCHRONIZING   HETWEEN   ANY  TWO  GENERATORS 

With    synchronizing   switches   interlocked  with  electrically-operated 
circuit  breakers. 

sources   to   be   connected   together   through    the   trans- 
former bank. 

In  this  case,  the  voltage  £r  produced  for  the  run- 
ning winding  of  the  synchronoscope  is  only  86.6  percent 
of  the  voltage  on  the  secondary  side  of  the  voltage 


December,  1920 


THE  ELECTRIC  JOURNAL 


571 


transformers.  Should  the  vohage  of  the  low-tension 
bus  be  the  same  as  the  nominal  primary  voltage  of  the 
voltage  transformer  connected  to  that  bus,  so  that  there 
would  be  100  volts  on  the  secondary  side,  £r  would  be 


:-Phase  H.i^h  Tension  I 


FIG.    log — SYXCHROXIZING    AROUND    A    DELTA-STAR    CONNECTED 
TRANSFORMER  BANK 

only  86.6  volts,  which  is  too  low,  for  usually  a  syn- 
chronoscope  will  not  operate  satisfactorily  under  90 
volts.  For  such  a  case  the  voltage  transformers 
should  have  nominal  115  volt  secondaries,  so  that  100 
volts  would  be  available  for  the  synchronoscope.  Then 
if  it  is  desired  to  operate  other  meters  from  these  trans- 
formers, the  special  transformer  should  be  provided 
with  100  volts  taps  in  addition  to  a  middle  tap.  How- 
ever, if  the  voltage  of  the  low-tension  bus  be  greater 
than  the  nominal  primary  voltage  of  the  voltage  trans- 
former so  there  would  be  100  volts  or  more  on  the  sec- 
ondary side,  at  least  95  volts  would  be  available  for  the 
synchronoscope  and  that  would  be  sufficient.  In  Fig. 
109  the  voltage  from  the  low-tension  bus  is  used  for  the 


FIG.    110 — VECTOR   DIAGRAM    OF    VOLTAGES   IN   A   DELTA-STAR 
TRANSFORMER  BANK 

running  side  of  the  synchronoscope  and  that  from  the 
high-tension  bus  for  the  incoming  side,  but  the  syn- 
chronoscope would  operate  just  as  well  if  the  voltage 


from  high-tension  bus  were  used  for  the  running  side, 
for  usually  such  a  transmission  line  connects 
between  bus-bars  of  two  stations  in  each  of  which 
are  generating  machinery.  With  the  arrangement 
shown  in  Fig.  109,  either  the  high-tension  or  the 
low-tension  circuit  breaker  may  be  used  for  connecting 
the  two  sources  of  power  together  when  in  syn- 
chronism. 

Synchronizing  around  a  delta-star  connected  trans- 
former bank  may  be  accomplished  with  the  connections 
shown  in  Fig.  iii.  If  the  neutral  point  on  the  high- 
tension  side  is  accessible,  one  side  of  the  voltage  trans- 
former may  be  connected  to  it.  The  high-tension  volt- 
age transformer  is  shown  connected  to  the  phase  volt- 
age from  the  neutral  point  to  line  2  and  the  corre- 
sponding voltage  on  the  secondaiy  side  is  connected  to 
the  incoming  winding  of  the  synchronoscope  through 


FIG.    Ill — ANOTHER   SCHEME  FOR   SYNCHRONIZING   AROUND   A 
DELT.VSTAR  TRANSFORMER  BANK 

the  synchronizing  switch.  The  low-tension  line  voltage 
from  line  2  to  line  5  is  in  phase  with  the  high-tension 
phase  voltage,  from  the  neutral  point  to  line  2. 
Therefore,  the  low-tension  voltage  transformer  is  con- 
nected to  the  voltage  from  line  2  to  line  5  and  the  cor- 
responding voltage  on  the  secondary  side  is  connected 
to  the  running  winding  of  ihe  synchronoscope  through 
the  synchronizing  switch.  The  phase  voltage  on  the 
high-tension  side  of  the  transformer  bank  is  equal  to 
the  high-tension  line  voltage  divided  by  j  J'  and  a  high- 
tension  voltage  transformer  should  be  provided  with 
such  a  ratio  that  the  secondary  voltage  will  be  about 
no.  With  the  arrangement  shown  in  Fig.  iiT,  the 
high-tension  circuit  breaker  must  always  be  closed  first, 
in  order  to  energize  the  high-tension  voltage  trans- 
former for  operating  the  synchronoscope,  and  the  two 
sources  of  power  are  connected  together,  when  in  syn- 
chronism, by  the  low-tension  circuit  breaker. 


Effect  of  Voltage 
istics  of  Dir 


DIRECT-CURRENT  industrial  motors 
country  are  usually  built  for  either  1 15,  230,  or 
550  volts.  The  user  is  often  concerned  with  a 
(juestion  as  to  how  a  given  motor,  that  he  either  has, 
<i)T  can  readily  procure,  will  act  on  some  voltage  differ- 
ent from  that  at  which  it  was  rated.  Either  he  may 
wish  to  use  this  motor  on  a  line  of  another  voltage,  as 
using  a  230  volt  motor  on  a  220  volt  or  a  250  volt  line, 
or  he  may  desire  to  use  the  motor  on  a  line  where  the 
voltage  fluctuates  greatly. 

In  approaching  this  question  it  should  be  kept  in 
mind  that  speed  will  vary  with  the  voltage.  Before  any 
further  analysis  can  be  made,  there  should  be  some  as- 
sumption as  to  how  the  horse-power  required  of  the 
motor  will  vary  with  the  speed.  This  will  change  with 
liie  various  motor  applications.  For  simplicity,  in  the 
following  discussion  the  horse-power  output  of  the 
motor  is  assumed  to  be  constant  at  all  speeds.  Having 
determined  what  the  characteristics  would  be  at  this 
given  horse-power  on  another  voltage  than  rated,  and 
knowing  the  effects  produced  on  its  characteris- 
tics by  simply  changing  the  load,  it  is  easy  to  estimate 
what  the  result  of  voltage  change  would  be,  if  the  appli- 
cation was  such  that  a  change  of  speed  caused  a  change 
of  load. 

For  example,  suppose  a  motor,  connected  to  a 
blower  runs  at  looo  r.p.m.  with  line  voltage  of  230 
volts,  and  requiring  ten  horse-power  at  that  speed,  is 
IHit  on  a  260  volt  line.  Assume  that  the  speed  does  not 
vary  appreciably  with  load  when  the  voltage  is  constant, 
but  that  the  load  varies  as  the  cube  of  the  speed.  Also 
assume  that  increasing  the  voltage  tc  260  increases  the 
speed  to  iioo  r.p.m.  This  article  indicates  the 
characteristics  of  the  motor  when  delivering  10  hp 
at  260  volts,  IIOO  r.p.m.  Actually  however  the 
horse-power  required  is  (i  100/1000)^  X  ^^  or  13.3  hp. 
Once  knowing  how  the  motor  will  act  at  10  hp,  260 
volts,  it  is  simply  a  question  of  the  effect  of  loading  to 
tell  what  it  will  do  at  13.3  hp. 

In  the  same  way  in  estimating  what  a  motor  for 
any  given  application  will  do  at  any  other  voltage  than 
rated,  the  first  step  is  to  estimate  what  the  motor  will 
do  at  its  rated  horse-power  on  the  new  voltage,  and  the 
second  is  to  estimate  tho  difference  caused  hv  the  load 
under  the  new  conditions. 

EFFECT  OF  VOLTAGIv  VARIATION  ON    SPEED 

For  a  given  motor,  the  speed  is  proportional  to  the 
volts  induced  and  inversely  proportional  to  the  flux  per 
pole.  The  induced  voltage  is  equal  to  the  line  voltage 
minus  the  IR  drop  in  the  motor.     It  varies  nearly  with 
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the  line  voltage,  particularly  in  large  and  high-speed 
motors.  The  flu.x  will  vary  in  different  degrees  with 
the  field  ampere-turns.  One  extreme  is  when  working 
on  the  straight  line  of  the  saturation  curve.  Here  the 
flux  would  vary  directly  with  the  field  ampere-turns. 
The  other  limit  would  be  when  the  machine  becomes  so 
saturated  that  a  change  in  field  ampere-turns  does  not 
change  the  flux.  The  actual  case  is  always  some  place 
between  these  two  limits.  Fig.  i  shows  a  typical  no 
load  saturation  curve.  The  full-load  curve  falls  a 
little  below  the  no-load  curve,  the  distance  depending  on 
the  load.  This  change  of  flux  with  load  of  course 
effects  the  speed  variation  due  to  voltage  variation,  but 
so  little  that  it  will  not  be  considered.     The  saturation 


FIG.    I — TYPICAL   NO-LOAD   SATURATION   CURVE  OF  DIRECT-CURRENT 
MOTOR 

curve  will  be  considered  fixed  regardless  of  load  am- 
1)6  res. 

Then,  for  an  entirely  unsaturated  motor,  the  flux 
varies  with  the  ampere-turns  and  line  voltage,  and  the 
speed  will  remain  practically  constant  with  voltage 
change.  With  a  saturated  motor,  the  flux  would  re- 
main constant  even  though  the  field  ampere-turns  did 
vary  with  voltage,  and  as  a  result  the  speed  would  vary 
ajjproximately  with  the  voltage,  a  ten  percent  increase 
of  voltage  giving  practically  a  ten  percent  increase  of 
speed.  These  are  the  two  limits.  Commercial  ma- 
chines are  worked  at  various  places  between  these 
limits.  In  estimating  on  a  shunt  motor  of  unknown 
design  characteristics,  the  speed  variation  can  be  esti- 
mated approximately  on  the  basis  that  a  ten  percent 
increase  of  voltage  will  give  five  percent  increase  of 
sjieed. 

Assuming  constant  efficiency,  the  current  will  vaiy 
mversely  with  the  voltage.  Then  it  is  seen  that  for  a 
series  motor,  the  field  ampere-lums  vary  inversely  with 
the  line  voltage.     The  two  limits  of  flux  variation  and 
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speed  variation  with  voltage  would  then  be: — first, 
when  working  on  the  straight  part  of  the  curve  the  flux 
would  be  inversely  proportional  to  the  voltage  and  the 
speed  would  vary  approximately  as  the  square  of  the 
voltage ;  second,  when  saturated,  the  flux  would  be  con- 
stant regardless  of  voltage  and  the  speed  would  vary 
about  with  the  voltage.  The  part  of  the  curve  worked 
on  varies  in  a  series  motor  with  the  load.  Therefore 
either  of  these  extremes  may  be  nearly  reached  at  dif- 
ferent loads  on  a  given  series  motor. 

The  characteristics  of  the  change  of  no-load  speed 
with  the  voltage  on  a  compound-wound  motor  is  the 
same  as  for  a  shunt  motor,  as  then  the  shunt  field  is  the 
only  one  with  any  appreciable  ampere-turns.  At  full 
load,  however,  both  shunt  and  series  coils  are  effective, 
and  the  variation  of  speed  with  voltage  change  is  some 
place  between  that  of  a  shunt  motor  and  that  of  a  series 
motor.  If  the  series  coil  predominates,  the  speed  will 
vary  more  nearly  like  that  of  a  series  motor.  If  the 
shunt  coil  is  the  stronger,  the  speed  will  vary  more 
nearly  as  does  that  of  the  shunt  motor.  In  the  normal 
compound-wound  motor,  the  shunt  field  is  usually  much 
stronger  than  the  series  field  and  will  cause  the  motor 
to  work  well  up  on  the  saturation  curve.  In  such  a 
motor  the  total  field  ampere-turns  will  vary  but  little 
with  change  of  voltage,  for  while  the  shunt  field 
strengthens  with  increase  of  line  voltage  the  series  field 
will  weaken.  Also,  as  such  a  machine  is  usually  fairly 
well  saturated,  it  is  probable  that,  for  small  changes  of 
voltage,  the  speed  will  vai-y  proportionately  with  line 
voltage,  a  ten  percent  increase  of  voltage  giving  a 
speed  increase  of  about  ten  percent.  This  of  course, 
changes  with  the  design  and  loading  of  the  particular 
motor  considered. 

On  compound-wound  motors,  the  no-load  speed 
and  full-load  speed  vary  in  a  somewhat  different  way, 
and  the  net  result  of  this  difference  is  that  an  in- 
crease of  voltage  rapidly  decreases  the  speed  regulation ; 
that  is,  the  percentage  speed  drops  from  no-load  to  full- 
load  while  a  decrease  of  voltage  rapidly  increases  it. 

EFFECT   ON   LOSSES 

The  losses  in  a  motor  are  affected  differently  by  a 
change  of  line  voltage.  Armature  copper  loss,  and 
losses  in  the  series  coils,  the  commutating  field,  and  com- 
pensating (pole  face)  coils  vary  with  their  resistance 
and  the  square  of  the  current  flowing  through  them. 
Resistance  can  be  considered  constant.  As  before,  the 
current  should  be  taken  as  inversely  proportional  to  the 
voltage.  Then  roughly,  these  losses  vary  inversely 
with  the  square  of  the  voltage.  In  the  same  way,  tak- 
ing its  resistance  as  a  constant,  the  shunt  coil  loss  will 
vary  with  the  shunt  current  squared  times  the  resist- 
ance. In  this  case  then,  the  current  is  proportional  to 
the  voltage  and  the  shunt  coil  loss  is  proportional  to 
the  square  of  the  voltage.    * 

The  brush  contact  drop  loss  is  not  very  important 
and  follows  peculiar  laws.  The  voltage  drop  will  re- 
main practically  constant  and,  assuming  it  constant  and 


multiplying  by  the  current,  it  is  found  that  the  brush 
contact  drop  loss  is  nearly  inversely  proportional  to  the 
voltage. 

The  friction  and  windage  loss  depends  on  the  speed, 
it  increases  as  the  speed  increases.  It  usually  is  only 
a  minor  loss,  but  on  high-speed  machines  becomes  im- 
portant. It  would  be  impossible  to  make  a  general  ap- 
proximation of  the  increase  of  this  loss  with  the  in- 
crease of  voltage.  The  friction  and  windage  losses, 
however,  vary  more  rapidly  than  the  speed. 

The  degree  in  which  iron  loss  varies  with  voltage 
in  different  machines  changes  very  much  with  the  de- 
sign, and  it  would  be  rash  to  venture  an  estimate  as  to 
the  percentage  change  of  iron  loss  with  a  given  percent- 
age change  of  voltage.  The  laws  of  iron  loss  indicate 
that  it  varies  with  some  power  of  the  .speed,  the  power 
being  some  place  between  the  first  and  second,  and  with 
some  power  of  the  maximum  flux  density  in  the  arma- 
ture iron;  this  power  being  between  1.6  and  2.  The 
powers  mentioned  would  vaiy  with  the  design.  It  is 
safe  to  assume  that  the  armature  iron  loss  will  increase 
when  the  voltage  impressed  is  increased.  It  probably, 
in  any  given  case,  will  increase  faster  than  the  voltage. 

EFFECT  ON  EFFICIENCY 

A  summation  of  the  losses  shows  that  an  increase 
in  the  line  voltage  will  cause  an  increase  in  the  losses 
that  are  largely  independent  of  the  load ;  as  shunt  loss, 
friction  and  windage  loss,  and  iron  loss.  At  the  same 
time  the  losses  depending  on  the  load  decrease.  This 
includes  losses  in  the  armature  copper,  the  commutating 
coils,  the  series  coils,  the  compensating  windings  and 
the  brush  contacts.  The  sum  of  the  total  change  of 
losses  is  probably  very  small  for  most  motors.  In  case 
it  becomes  zero,  since  the  output  is  taken  as  constant, 
the  efficiency  would  remain  unchanged.  In  a  machine 
where  the  losses  independent  of  the  load  are  high,  as 
compared  to  those  dependent  on  load,  an  increase  of 
voltage  probably  would  decrease  the  efficiency  while,  if 
this  ratio  is  low,  the  increase  of  voltage  probably  would 
increase  the  efficiency.  In  arriving  at  all  general  conclu- 
sions in  this  article,  the  efficiency  is  taken  as  constant, 
which  makes  the  current  from  the  line  inversely  pro- 
portional to  the  line  voltage.  On  present-day  open 
motors  the  efficiency  would  usually  be  very  little 
aff'ected  by  a  10  percent  change  of  voltage  from  rated. 

EFFECT  ON    HEATING 

As  with  losses,  a  change  of  voltage  affects  the  vari- 
ous parts  of  machines  differently.  The  change  of 
speed  would  either  help  or  hurt  ventilation.  The  effect 
of  this  on  temperatures,  however,  will  be  so  small  for 
the  probable  change  of  voltages  that  it  can  be  neglected. 
Assuming  this  constant,  the  tendency  then  is  for  all 
parts  that  have  their  losses  increased  to  run  hotter,  and 
all  that  have  their  losses  decreased  to  run  cooler. 
Then  with  an  increase  in  voltage  the  armature  may  or 
may  not  run  cooler,  depending  on  whether  the  reduction 
in  copper  loss  more  than  makes  up  for  the  increase  of 
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iron  loss  or  not.  This  would  vary  with  the  design  of 
different  motors.  The  shunt  coil  would  tend  to  run 
hotter,  and  the  series,  commutating  and  compensation 
coil  would  tend  to  run  cooler.  A  reduction  of  voltage 
would  give  the  opposite  effect  in  each  case.  So  far  as 
heating  is  concerned,  then,  the  heating  of  the  shunt  coil 
will  set  the  limit  to  the  increase  of  voltage,  and  probably 
the  heating  of  the  commutating  coils  will  set  the  limit 
to  voltage  decrease.  In  some  motors  this  might,  how- 
ever, be  set  by  armature  heating. 

As  stated,  the  tendency  is  for  the  shunt  coil  tem- 
perature to  increase  and  the  commutating  coil  tempera- 
ture to  decrease  with  increase  of  voltage.  This  action 
!■<  greatly  modified  by  the  fact  that  the  temperatures  of 
each  of  these  coils  is  dependent  not  only  on  the  losses 
in  the  coil  itself,  but  also  on  the  temperature  of  the 
air  cooling  it  and  on  the  temperature,  of  the  adjacent 


FIG.    2— VARIATION    OK   THE    CHARACTERISTICS    OF   A    COMPOUND 
WOUND    MOTOX    WITH    CHANGE   IN   VOLTAGE 

parts.  Consequently,  when  the  losses  in  part  of  the 
field  coils  increase  at  the  same  time  as  those  in  another 
part  decrease,  the  change  of  temperature  in  each  pnrt 
is  less  than  the  change  of  losses  in  that  part  would  in- 
dicate. On  a  machine  of  unknown  design,  a  fair  esti- 
mate probably  would  be  that  a  ten  percent  increase  of 
voltage  on  a  motor  carrying  rated  load  wculd  increase 
its  shunt  coil  temperature  rise  five  to  ten  percent  while 
a  ten  percent  decrease  in  voltage  would  give  about  a 
fifteen  percent  increase  of  commutating  coil  rise. 

EFFECT   ON    COMMUTATION    AND   FLASHING 

The  present  day  commutating-pole  motors  have 
usually  very  good  commutating  characteristics.  The 
motor  should  be  expected  to  operate  over  a  wide  range 
of  voltage  before  any  serious  sparking  is  caused.  The 
motors  most  likely  to  be  an  exception  to  this  are  short- 
time  rated  motors. 


Flashing  tendency  is  increased  by  an  increase  of 
voltage,  but  this  is  a  trouble  that  normally  is  never  en- 
countered, and  should  not  be  encountered  on  moderate 
voltage  changes,  except  possibly  on  short-time  rated 
motors  of  high  voltage.  In  ordinary  continuous  rated 
commutating-pole  motors  of  115  and  230  volts,  no 
trouble  should  be  encountered  from  commutation  or 
Hashing  even  when  run  at  as  much  as  twenty  percent 
under  or  over  voltage.  Of  course  exceptions  may  be 
encountered  at  times. 

In  the  noncommutating-pole  motor,  a  possible  re- 
sult of  changing  voltage  would  be  a  necessity  of  shift- 
ing the  brushes,  as  the  armature  current  would  change, 
giving  much  the  same  results  as  regards  brush  position 
as  would  a  corresponding  change  of  load. 

A  concrete  demonstration  is  given  in  Fig.  2  and 
Table  I  of  the  effect  of  changing  the  line  voltage  on  the 
full-load  speed,  on  the  losses,  and  on  the  efficiency  of  a 
direct-current  motor,  assuming  the  output  to  be  con- 

TABLE  I— CH.A.NGE  OF  CH.A.RACTERISTICS   OF  A 

DIRECT-CURRENT   MOTOR   WITH    CHANGE   OF 

IMPRESSED  VOLTAGE,  HORSE-POWER 

KEPT  CONSTANT 


Horsepower  .  .  . 
Percent  normal  voltage 
Speed — No  load  . 
Speed — Fnll  load 
Shunt  field  loss  . , 
Scries  field  loss  . 
Comm.  field  loss  . 
Arm.  copper  loss  , 

Brush  loss   

Arm.  iron  loss   . . . 
Total  friction  and 

windage  

Efficiency 


10 

10 

10 

ID 

10 

So 

90 

100 

no 

120 

1300 

1315 

1350 

1395 

1450 

935 

1050 

1 150 

1240 

1320 

92 

117 

144 

174 

207 

7« 

60 

48 

39 

23 

92 

70 

S6 

4b 

39 

680 

522 

416 

342 

287 

0 

84 

75 

68 

62 

259 

300 

352 

415 

4&J 

is8 

iS.i 

20  s 

22-) 

247 

83.5 

84.8 

85.2 

85.2 

847 

stant.  The  motor  whose  design  is  assumed  and  so 
analyzed  is  a  10  hp,  1150  r.p.m.,  compound  wound,  com- 
mutating-pole motor.  The  shunt  coil  at  normal  rating 
has  about  three  times  as  many  am]iere-turns  as  the 
scries  coil.  This  should  be  fairly  representative  of  most 
industrial  sizes  of  direct-current  motors  now  in  use. 

It  should  be  evident  from  the  foregoing  that  the 
only  way  that  maximum  permissible  voltages  variation 
can  be  given  to  cover  all  motors  or  even  a  line  of  motors 
is  either  to  have  them  all  designed  exactly  the  same, 
getting  the  same  ratio  between  armature  copper  loss, 
and  armature  iron  loss,  all  temperature  rises  the  same, 
and  all  w-orking  at  the  same  place  on  the  saturation 
curve,  or  else  to  give  the  limit  of  such  a  value  that  all 
machines  will  meet  it  in  every  way.  In  this  latter  case 
then  practically  all  will  stand  a  bigger  variation  than  the 
limit  indicates.  Since  it  is  impossible  to  design  and 
build  an  absolutely  uniform  line  of  motors,  the  second 
method  is  the  one  used.  The  Electric  Power  Club 
rules,  specify  that  "all  motors  shall  operate  su<~cessfully 
at  normal  rated  load  at  any  voltage  not  more  than  ten 
]iercent  above  or  below  the  name  plate  rating,  but  not 
necessarily  in  accordance  with  the  standards  of  per- 
formance established  for  operation  at  normal  rating." 
Manufacturers  usually  give  a  guarantee  that  conforms 
to  these  rules. 
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HE    MAXIMUM,  safe-limiting    temperatures    in 
degrees  C  at  the  surface  of  conductors  in  cables 
is   given    in    the    Standardization    Rules    of    the 
I.  E.  E.  (1918)  as  follows; — 

For  impregnated  paper  insulation  (85 — E) 


For  varnished  cambric    (75 — E) 
For  rubber  insulation  (60 — O.25  E) 

Where  E  represents  the  effective  operating  e.m.f. 
in  kilovolts  between  conductors  and  the  numerals 
represent  temperature  in  degrees  C.  Thus,  at  a  work- 
ing pressure  of  5  kv,  the  maximum  safe  limiting 
temperature  at  the  surface  of  the  conductors  in  a 
cable  would  be : — 

For  impregnated  paper  insulation  (80  degrees  C) 
For  varnished  cambric  insulation  (70  degrees  C) 
For  rubber  compound  insulation  (58.75  degrees  C) 

The  actual  maximum  safe  continuous  current  load 
for  any  given  cable  is  determined  primarily  by  the  tem- 
perature of  the  surrounding  medium  and  the  rate  of 
radiation.  This  current  value  is  greater  with  direct 
than  with  alternating  current  and  decreases  with  in- 
creasing frequency,  being  less  for  a  60  cycles  than 
for  25  cycles.  The  carrying  capacity  of  cables  will 
therefore  be  less  in  hot  climates  than  in  cooler  climates 
and  will  be  considerably  increased  during  the  winter. 

Cables  immersed  in  water,  carry  at  least  50  per- 
cent more  than  when  installed  in  a  four-duct  line,  and 
when  buried  in  the  earth  15  to  30  percent  more  than 
in  a  duct  line,  depending  upon  the  character  of  soil 
moisture,  etc.  Circulating  air  or  water  through 
conduits  containing  lead  covered  cables  will  increase 
their  capacity.  From  the  above  it  is  evident  that  no 
general  rule  relative  to  carrying  capacity  can  be  formu- 
lated to  apply  in  all  cases,  and  it  is  necessary,  there- 
fore, to  consider  carefully  the  surroundings  when  de- 
termining the  size  of  cables  to  be  used. 

The  practicability  of  tables  which  specify  car- 
rying capacity  for  cables  installed  in  ducts  will  gen- 
erally be  questioned,  for  the  reason  that  operating  con- 
ditions are  frequently  more  severe  than  those  upon 
which  table  values  are  based.  A  duct  line  may  op- 
erate at  a  safe  temperature  throughout  its  entire  length, 
except  at  one  isolated  point  adjacent  to  a  steam  pipe 
or  excessive  local  temperatures  due  to  some  other 
cause.  If  larger  cables  are  not  employed  at  this  point, 
burnouts  may  occur  here  when  the  remainder  of  the 
cable  line  is  operating  well  within  the  limits  of  safe 
operating  temperature.  The  danger  in  using  table 
values  for  carrying  capacity  without  carefully  consid- 
ering the  condition  of  earth  temperatures  throughout 
the  entire  duct  length  is  thus  evident. 


HEATING  OF  CABLES — TABLE  XXIV 

The  basis  upon  which  the  data  in  Table  XXIV 
has  been  calculated  is  covered  by  foot  notes  below  the 
table.  The  kv-a  values  are  determined  from  the  cur- 
rent in  amperes  and  are  based  upon  30  degree  C  rise 
and  a  maximum  of  3000  volts.*  Expressing  the  car- 
rying capacity  of  cables  in  terms  of  kv-a  (corrected 
for  the  varying  thickness  of  insulation  required  for 
various  voltages)  may  be  found  more  convenient 
than  the  usual  manner  of  expressing  it  in  amperes. 
It  will  be  noted  that  the  kv-a  values  of  the  table  are 
on  the  basis  of  a  four-duct  line  and  that  for  more 
than  four  ducts  in  the  line  the  table  kv-a  values  will 
be  reduced  to  the  following : — 

For  a    4  duct  line — 100  percent. 

For  a    6  duct  line —  88  percent. 

For  an  8  duct  line —  79  percent. 

For  a  10  duct  line —  71  percent 

For  a  12  duct  line —  63  percent. 

For  a  16  duct  line —  60  percent. 
When  applied  to  all  sizes  of  cables,  the  above 
values  are  only  approximate.  The  reduction  of  car- 
rying capacity  caused  by  the  presence  of  many  cables 
is  more  for  large  cables  than  for  small  ones.  Also, 
where  load  factors  are  small,  the  reduction  due  to  the 
presence  of  many  cables  is  less  than  the  value  assigned, 
although  the  canying  capacity  of  a  small  number  of 
cables  is  only  slightly  affected. 

REACTANCE  OF  THREE-CONDUCTOR  CABLES 

Tables  XXV  and  XXVI  contain  values  for  tlie 
inductance,  reactance  and  impedance  of  round  three- 
conductor  cables  of  various  sizes  and  for  the  thick- 
nesses of  insulation  indicated. All  values  in  the  tables 
are  on  the  basis  of  one  conductor  of  the  cable  one  mile 
long. 

The  table  values  were  calculated  from  the  funda- 
mental equation  (4), 

D 

L  =  008047  +  0.741  logia—jf 

where  L  =  the  inductance  in  millihenries  per 
mile  of  each  conductor,  R  the  actual  radius  of  the 
conductor  and  D  the  distance  between  conductor  cen- 
ters expressed  in  the  same  units  as  R.  As  indicated  in 
Section  I,  under  Inductance,**  this  formula  has  been 
derived  on  the  basis  of  solid  conductors.  In  the  case 
of  cables,  the  effective  radius  is  actually  slightly  less 
than  that  of  the  stranded  conductor.     The  values  for 


*The?e  current  values  are  taken  from  General  Electric 
Bulletin  No.  49302  dated  March  1017.  They  are  in  general 
slightly  higher  than  those  published  by  the  Standard  Under- 
ground Cable  Company  in  their  Hand  Book  dated  1906. 

♦♦July  1919,  p.  287. 
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TABLE  XXIV-CARRYING  CAPACITY  OF  INSULATED  COPPER  CONDUCTORS 

The  following  values  for  carrying  capacity  must  not  be  assiuncd  unless  it  is  positively  known  that  the  conditions  upon 
which  they  are  based  will  not  be  exceeded  in  service. 


THREE    CONDUCTOR    CABLES 


CIRCULAR 
MILS 


K  V  A     WHICH    MAY  BE    TRANSMITTED    AT    THREE    PHASE    AND    THE    EQLLOWING   VOLTAGES   OVER   PAPER  INSULATED 
LEAD  COVERED  CABLES  INSTALLED  IN  A  FOUR  DUCT  LINE  Vi/ITH  30°  C  RISE  IN  TEMPERATURE  BASED  UPON  THE  ASSUMPTION 
THAT  ALL  DUCTS   CARRY   LOADED  CABLES  AND   UPON   A   NORMAL   EARTH  TEMPERATURE  OF   20    C 

FOR  A  6  DUCT  LINE  THESE  K  V  A.  VALUES  WOULD  BE  REDUCED  TO  APPROXIMATELY  88  PER  CENT    FOR  AN  8  DUCT  LINE 
TO  79  PER  CENT    FOR  A  10  DUCT  LINE  TO  71  PER  CENT    FOR  A  12  DUCT  LINE  TO  63  PER  CENT  AND  FOR  A  i6  DUCT  LINE 
(-J  WIDE  AND  4  HIGH)  TO  60  PER  CENT  OF  THE  TABLE  VALUES       X  X  X  X 


220 
VOLTS 


440 
VOLTS 


550 
VOLTS 


1100 
VOLTS 


2200 
VOLTS 


3300 
VOLTS 


4000 
VOLTS 


6000 
VOLTS 


6600 
VOLTS 


10000 
VOLTS 


1 1 000 
VOLTS 


12000 
VOLTS 


13200 
vOlTS 


15000 
VOLTS 


20000 


22000 

vOlTS 


25000 
vOlTS 


zsoo 


/720 


ilOO 


SINGLE    CONDUCTOR    CABLES 


B<e-s  NO 


CIRCULAR 
MILS 


K  V  A    WHICH  MAY  BE   TRANSMITTED  AT  THREE   PHASE  AND  THE   FOLLOWING  VOLTAGES  OVER  THF!EE 
PAPER  INSULATED  LEAD  COVERED  CABLES  INSTALLED  IN  A  FOUR  DUCT  LINE  WITH  30   Q  RISE  IN  TEMPERATURE 


BASED  UPON  THE  ASSUMPTION  THAT  ALL  DUCTS  CARRY    LOADED   CABLES   AND   UPON   A   NORMAL    EARTH 
TEMPERATURE  OF  20"  C 

FOR  A  6  DUCT  LINE  THESE  K  V,A,  VALUES  WOULD  BE  REDUCED  TO  APPROXIMATELY  88  PER  CENT  FOR 
AN  8  DUCT  LINE  TO  79  PER  CENT  FOR  A  10  DUCT  LINE  TO  71  PER  CENT:  FOR  A  12  DUCT  LINE  TO  63  PER  GENT 
AND  FOR  A  16  DUCT  LINE   14  WIDE  AND  4  HIGHI  TO  60  PER  CENT  OF  THE  TABLE  VALUES    «  x  x  x 


22000  25000 


826 
/033 

/37& 


37S 
SiS 


7t>S 


ZS80 


2130 
Z810 


-»7-r 

J'70 
^■97 


I3.7S 
/S30 
/74  0 


seso  ^^so 


.5*00 


3  3  70 
3SXO 


7-fSO 

a  7  so 


81  zo 
S900 
fSOO 


S100 
977<5 
'O-^OO 


'^SOO/'SSOO 


i  SSO  /8S00 


&/80 
68  so 
7S20 


■32S0r±SSO 


/3400 

■tsso 

S3S0 


000        6  SO 


Z27oc.3^9ao 


Z I  900  Z8-*00  3 1 000  3-*700 


TOO  /oj-oo 


/JSO  1 7 ZOO 


/88O0  2O4O0 


ZSlOO3ZbO0 


/  130 
/ZtO 


»60 


2>S 

z±oo 


7  7  70 

sTio 


IZ7O0 

■iJso 


24SOO 

27300 


Z7S00  3S700 


3fooe-^3tM 

33ot4SiaC 


X   For  purposes 


impariscn  these  values  are  given   for  interior  conductors 


XX  For  four  conductor  cables  these  ampere  values  would  be  reduced  by  12.5  percent. 

XXX  For  solid  conductors  these  ampere  ratings  would  be  reduced  by  seven  percent.  For  two  conductor  cables  made  up 
cither  round  or  flat,  they  would  be  reduced  by  15  percent.  For  two  conductor  concentric  cables  they  would  be  reduced  by  25 
percent.  They  will  also  In  reduced  in  the  case  of  the  larger  conductors  when  used  on  alternating-current  circuits  on  account 
of  skin  effect,  unless  spei  in!  cables  having  non-conducting  cores  are  used.  These  special  cables  should  be  used  for  700000 
circ.  mils  and  larger  for  60  cycle  and  1000  000  circ.  mils  and  larger  for  25  cycle  service. 

XXX  X  For  the  higher  voltage  cables  the  kv-a  values  of  the  table  have  been  reduced  by  one  percent  for  each  2000 
volts  that  the  working  pressure  exceeds  3000  volts,  that  is  by  II  percent  for  a  25000  volt  cable.  For  insulated  aluminum 
conductors  the  safe  carr>'ing  capacity  (based  upon  61  percent  conductivity)  is  79.3  percent  of  the  above  table  values  with  the 
same  kind  of  insulation.     These  kv-a  values  are  based  upon  the  current  in  columns  headed  by  XX  and  XXX. 
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TABLE  XXV- 


INDUCTANCE,  REACTANCE  AND  IMPEDANCE,   AT   25   CYCLES,  PER  MILE  OF 
SINGLE  CONDUCTOR  FOR  THREE  CONDUCTOR  CABLES 


AREA 

IN 

CIRCULAR 

MILS 
B  &  S  NO. 

or  CO 

1-  I 

<  — 
5  s 

0^* 

INSULATION  THICKNESS  IN  64THS  OF  AN 

INCH     ■*•  • 

A    BY    ^ 

64     "^     64 

-§-    BY    -§- 
64     °^     64 

^    BY    ^ 

IND. 
M.  H. 

REAC. 

OHMS 

IMP. 

OHMS 

IND. 
M.H. 

REAC 
OHMS 

IMP. 
OHMS 

IND. 
M  H- 

REAC. 
OHMS 

IMP. 
OHMS 

IND. 

M.H. 

REAC. 
OHMS 

IMP. 
OHMS 

Soo  000 
■4S0  000 
■400  000 

.775 
■73  8 

■  116 
.MS 

.335 
.340 
.343 

.0530 
.0534 
,0537 

./2g- 
./40 
.155 

.349 
.35  1 
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.0547 
.0552 
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./29 
./40 
.155 

.360 
.3  6  2 

.367 

.0S6S 

.0568 
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.14  1 

.155 

^373 
.3  7  7 
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./30 

./42 
./57 

3SO 000 
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.630 
■  S7S 
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.114 
.2  3  3 

.3.»6 
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.353 

.0542 
.0547 
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.175 
.204 

.357 
.361 
.366 

Io5  6  7 
.0575 

.176 

.204 

.240 

.370 
.374 
.381 

.0581 
.0587 
.0597 

.176 
.20s 

.380 
.386 
.394 

.OS96 

./77 
.2  0  7 
.242 

0000 
000 
00 

.SZ9 
.470 
.1/S 

.275- 

.^'^6 

.-)3  7 
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'.05i7 
.o57f 

.ZSI 
.352 

.372 
.379 
.388 

.0585 
.05f5 
.0609 

,281 
.352 
.442 

.387 

.39  7 
.406 

,'o623 

.0637 

.282 
.352 
.4-42 

.403 
■^4  2  3 

fotil 

.0665 

.282 
.353 

0 

1 

.373 
.332 

.5SO 
.695 
.8  7? 

■.IV4 
.393 

.059Z 
,0603 
.oi.17 

.552 
.697 
.882 
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.405 

.41  7 
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.554 
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.41  7 
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,441 

.0653 
,o673 
.069I 
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.882 

.4  3  2 
..^4  7 
.463 

'.0727 

.554 
.699 
.882 

3 

.a.io 

.232 

'/.!,'o 
2.2  / 

.403 
.413 
.437 

.0633 
.06  +  8 
.06S5 

l'.40 
2.2  1 

.43  1 
.442 

•lift 

l.ll 
1.40 
2.21 

.454 
',50  1 

.0736 
.0  785 

i.40 
2.2/ 

.476 
.494 
.52  9 

'.0  7  75 
.0830 

'■^0 

64    S^     64 

is  BY  ^ 

9       RY     _9_ 
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10      RY      10 
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M.  H. 
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OHMS 
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MM 
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OHMS 
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REAC. 
OHMS 
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.403 
.409 
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.066O 
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.178 
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00 
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.145 
.I60 

.'43/ 

.436 

',ob?5 
,0683 

./33 
.145 
.1  60 

.434 
.439 
.446 

.068/ 
.0690 
.0  700 

./34 
./46 
.16  1 

.44/ 
.-449 
.457 

.069/ 
.0T05 

.135 
.147 
.162 

3JO 000 
300 000 
ZSO 000 

.68/ 
.630 
.5  7S 

.166 
•  194 
.233 

.436 
.444 
.4S4 

.0685 
.0&97 
.0712 

.ISO 
.206 
.244 

.446 
'.4  6  5 

.0700 
.07/5 

.ISO 
.206 

.244 

.453 
.4  6/ 
.475 

'.0722 
.0745 

.ISO 
.207 
.Z45 

.464 
.  473 
.^86 

.0729 
.0742 
.07i,2 

■1  81 
.208 
.245 

coo 
00 

.4  IS 

.Z75 
.346 
.437 

.465 
.48' 
.498 

iifil 

.285 
.355 
.445 

.476 
.493 

.0745 
.0775 
,OSO£I 

.2  85 
.3  55 
.445 

.486 
.503 

.52  ' 

.0760 

foVii 

.2  86 
.355 
.445 

.498 
.5/6 
.535 

.0782 
.08/0 
.0840 

■.HI 

.446 

1 
Z 

.373 
.332 
.  292 

.5SO 
.695 

.S79 

.514 
.S3I 
,5^4 

.08D5 
.0830 

,556 

.528 
.546 
.570 

.0828 
.085S 
.0895 

.556 
.700 
.882 

.539 
.559 
.583 

.OS45 
.oS77 

.0915 

.556 
.700 
.SS3 

.554 
,573 
.598 

.O870 
.0900 
.0938 

•  5.S7 
.700 
.SS4 

3 
t 

.■2.60 
.232 
.1  8t 

/.40 

Z.ZI 

.S74 
.596 
.643 

'.0935 

/.'40 
2.2  1 

.591 
.6/3 
.6^/ 

.0927 
.096Z 
./037 

1,40 
2.21 

,606 
.627 
.<S7r 

.0950 

.0983 
./063 

/'.4  0 
.2.2/ 

.6/8 
,643 
,696 

.0970 

2.2  1 

16      nv      16 

64    BY    g4 

18      Rv      18 
64    BY     g4 

20    BY    20 

64    "^     64 

22     RY     22 
64    '^^    64 

IND. 
M.H. 

READ. 
OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP. 
OHMS 

IND 

M  H. 

REAC. 
OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC 
OHMS 

IMP 
OHMS 

Soo ooo 
4SO  000 
Aoa  000 

.8/4 
.772 
.728 

.116 
.IZ9 
.  145 

.4^7 
.462 

.'07^5 
,0738 

./36 
.,'4  8 
.163 

.474 
.48' 
.487 

.0744 
.0754 
.0764 

,138 
.150 

.1  64 

.487  - 
.4^6 
.505 

.0764 
.0778 
.0792 

1/5/ 
./65 

.'509 
.519 

.0785 
'08/5 

.141 
.152 
.166 

3SOOOO 
300 000 
2sa 000 

.6S/ 
.630 
.5  75 

.166 
.194 
.233 

.4  80 
.49  1 
.-SOS 

.0753 
.0770 

.182 

.20  S 

.4  9  6 

.51  1 

.0778 
,0802 

./83 

.5/3 
.526 
.54/ 

.0805 
,0825 
.0848 

./85 
.2/  / 
.248 

.529 
.541 
.5-57 

.0830 
.0848 

.186 

0000 
000 
00 

.528 
.470 
.4lg 

.275 
.346 
.437 

1536 
.5  52 

^0840 
.0  865 

.287 

.5  3  6 

.556 
.5  7  8 

,OS40 
,0  870 
.0907 

.288 

■Ml 

.556 
.675 

.599 

.O870 
.0905 
.0940 

.289 
.358 

.447 

,573 
.592 
.618 

.0900 
,0930 

.290 

.360 
.448 

1 
Z 

.  373 
.332 
.292 

.550 
.69S 
.8  7f 

.575 
.59S 
.623 

.0902 
.093S 
.097S 

.558 

Ik  84 

'.623 
.649 

.0942 
.O980 

.558 
.700 
.884 

.62/ 
.645 
,6^4 

.0972 
.1010 

.558 
'.885 

'.iU 

.693 

.1045 

.559 
.702 
.886 

3 
1 

.3.^0 
.232 

/'.4'° 
Z.ZI 

.649 
.673 
.72  5 

.10  19 
./055 
.1135 

/'.4I 

'.  '54 

.'/'so 

2.2  2 

.698 
.72  5 
.7»0 

,J09S 
.1133 
,I2Z5 

".41 
Z.2  2 

•M 

..130 
'.127  0 

/./  2 
1.41 
2.2  2 

*Rcsi.stancc  based  upon  100  percent  conductivity  at  25  degrees  C  (77  degrees  F),  including  two  percent  allowance  for 
spiral  of  strands  and  two  percent  allowance  lor  spiral  of  conductors.  For  a  temperature  of  65  degrees  C  (149  degrees  F) 
these  resistance  values  would  be  increased  15  percent. 

**The  inductance  is  in  millihenries ;  the  reactance  and  the  impedance  are  in  ohms. 

The  table  values  were  derived  from  the  equation  L  =  0.08047  +  O.741  Lor;,,,  ^^,  where  R  is  the  radius  of  conductor,  D 
the  distance  between  centers  of  conductors  expressed  in  the  same  terms  as  R,  and  /.  the  inductance  in  millihenries  per  mile 
of  each  conductor.    All  values  in  the  table  are  single-phase  and  based  upon  a  single  conductor  one  mile  long. 
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TABLE«XXVI 


INDUCTANCE,  REACTANCE  AND  IMPEDANCE,  AT  60  CYCLES,  PER  MILE  OF 
SINGLE  CONDUCTOR  FOR  THREE  CONDUCTOR  CABLES 


AREA 

IN 

CIRCULAR 

MILS 
B  &  S  NO. 

ir<n 

1-  X 

<  - 

5  JOT 

iii 

INSULATION  THICKNESS  IN  64THS  OF  AN   INCH      ••                                      1 

—    RY    -^ 
64    ""     64 

'>       RV       '^ 
64     BY     64 

5       „Y       5 
64     BY     64 

^     BY    ^            1 

IND 
M  H, 

REAC. 

OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP 
OHMS 

IND. 
M  H. 

REAC. 

OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP. 
OHMS 

SOO  OOO 
4£o OOO 
-noo  OOO 

.■git 

.772 
.728 

.(Ik 

.129 
.146 

.338 
.340 
.3->3 

.127 
.lZ8 
.129 

.172 
.181 
.I9£ 

.349 
.35/ 
.354 

1/32 
..'3.» 

./  75" 
./34 
.197 

.360 
.362 
.367 

.  /3b 
.137 
.138 

.20/ 

.570 
.373 
.377 

./4o 

./4  / 
./4Z 

./8Z 
'J2V4 

350 OOO 
30O   OOO 
i-SO  OOO 

.681 
.630 
.S7J 

./hi 
•.'2SI 

.^4t 
.349 
.333 

.I30 
.132 
.13  3 

.211 
.235 
.268 

.357 
.3  6/ 
.366 

.I3£ 
.13  i 
.138 

.2/4 

■.\v, 

.370 
.3  74 
.3  8/ 

'.141 
.144 

.2/7 
.240 
.2  74 

.380 
.386 
.3  94 

./43 
./45 
.749 

.2  20 
.244 

aoo° 

.S2S 
.^70 
.418 

.27.5 
.341, 
.4Z7 

.367 
.362 
.3t9 

./3S 
.I3& 
.13? 

.30-3 
.3  7  3 
.4<io 

.372 
.379 
.3  8  8 

.140 
.143 
.14  t 

.309 
.37S 
.46/ 

.387 
.397 
.406 

./4k 
.ISO 
.IS3 

.3  13 
.378 
.4  64 

.4  0  3 

•  /52 
.ISS 

.316 
.38/ 
.4bb 

o 

.373 
.332 
.2  92 

.££0 

•  bis 

.879 

.377 
.384 
.393 

.I4Z 
.I4£ 
.148 

.569' 
^893 

.398 
.405- 
.4/7 

.ISO 
.l£Z 
.IJ7 

\Ui 

.4/7 
.429 

.IS7 
.IkZ 
.Ikk 

.572 
.7/5 
.S?k 

.432 
.447 
.4  63 

.Ik3 
.Ik8 
.174 

.5  7  3 
.716 
.S9b 

3 

t 

.  240 
.232 

./g-f 

/'.40 

i.2i 

.403 
.4  13 
.437 

.l£2 
.l£i 
.l&S 

1.12 
'A'2 

.43/ 
.442 
.470 

./62 
./67 
.177 

7.4/ 
2.22 

.454 
.469 
..SO/ 

.17/ 
./77 
./89 

I.IZ 
2.2  Z 

.476 
.4  94 
.52  9 

.I80 
.18k 
.200 

/.1 2 
/yfl 
2'.2  2 

1 

6^   BY   ^ 

_8_      DY      _i- 

64    ^^     64 

9       RV       9 
64     BY     64 

10     RV     10 
64    BY     64 

IND. 
M.  H. 

REAC. 
OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC. 
OHMS 

IMP 
OHMS 

.500  OOO 
ASO OOO 

.  772 
.728 

.lid 
.129 
./4£ 

.379 

.384 
.3  89 

..'4  3 
./45 

./84 
.194 
.2  Ob 

.389 
.393 
.3°6 

./48 
.149 

./86 
./9.S 
.208 

.39» 
.403 
.409 

.ISO 
,/S2 
.l£4 

./9o 
.'2/2 

.407 
.4/  / 

.41  7 

./53 
.ISS 
,IS7 

^202 

.230 

3-6  O  OOO 

300  000 
2SO  OOO 

.681 
.630 
.£7S 

,I6(, 

.395 

.;49 

.l£0 
.l£4 

.222 
.2  45" 
.2  7f 

.402 
.409 
.4/9 

.IS/ 
.IS4 
./£S 

.224 
.^4  6 
.2  8  2 

.4/£ 
.42/ 

.430 

.137 
.IS8 
.ikZ 

.2  2  9 
.25/ 
.2  85 

.423 

./bO 
./i2 
./bb 

.23/ 
.254 
.2  It 

OOO 
QO 

.£28 

.-»70 

.2  7ir 

,34i, 
.437 

.4l£ 
•429 
.439 

.l£7 
./62 
./66 

.3  IS 
.3  8  3 
.467 

.427 
.440 
.4SS 

.161 
.Ikt 
.171 

.320 
.385 

.441 
.4SS 
.4(^9 

.Ikk 
.112 
.177 

.3  2  3 
.388 
.473 

.452 
.466 

.483 

./7k 
./82 

.3  2  3 
■3S9 
.4  74 

2 

.373 
.332 
.292 

.£So 
.(,9S 
.879 

.433 
.466 
.4  8  3 

./82 

.578 
.7/8 
.900 

.466 
.4  83 
..502 

./76 
./S2 
./89 

..5  78 
,697 
.900 

.48S 

.SO  1 
..52/ 

.18  3 
.189 
.19  b 

.580 
.720 
.902 

.498 
.S/b 
.5-37 

.188 

:'2li 

.582 
^902 

3 

t 

.2hO 
.232 

I.I  1 
1.40 
2.2  1 

.4  9  9 
.£18 
^S7 

./88 
.I9£ 
.2IO 

1.13 
1.4  1 
2.2  2 

.£19 
.538 
.5-80 

.I9£ 
.203 
.2/9 

1.13 
1.4  / 
2.22 

.538 
.££•8 
.60  / 

.203 
.2  /  0 
.Z3k 

1.13 
I.4Z 
2.2  2 

..538 
.S77 
.622 

.2/  / 
.2/8 
.234 

7./ 3 
/.42 
2.72 

1 

1           RV           II 

64    BY     64 

12.    BY    i2. 
64    "Y     64 

-i    RV     13 
64    BY     64 

J±    RY    lA.           1 
64    "^     64            1 

IND. 
M.H, 

REAC, 
OHMS 

IMP. 
OHMS 

IND. 

M.H.* 

REAC 
OHMS 

IMP. 
OHMS 

IND, 

M  H. 

REAC 
OHMS 

IMP. 
OHMS 

IND. 
M  H. 

REAC 
OHMS 

IMP, 
OHMS 

SOO  OOO 
4SO  OOO 
400  OOO 

.8/-« 
.772 
.728 

.1  Hi. 
.129 
.I4£ 

.417 
.423 
.429 

.1^7 

,lko 
,1  kl 

./9.5 
.204 
.2  It 

.4  2  7 
.4  3  ' 
.436 

.HI 
./kZ 
.I&4 

./98 
.208 
.220 

.4T.4 
.439 
.446 

./64 
./kS 
.IkS 

.202 
^222 

.441 
.449 
.457 

./  kb 

'.172 

'.'2)  1 

.224 

3.SO  OOO 
300 OOO 
2SO OOO 

.68/ 
.630 
.S7S 

.Ike, 

.194 
.233 

.436 
.444 
.4^4 

./64 
.1  U7 
.17  1 

.23S 
.256 
.289 

.446 
.456 
.4  65 

.Ik8 
.172 

.237 
^292 

.453 
.46/ 
.-475 

'./74 
./79 

.240 
.2  6  2 
.29S^ 

.4  64 
.473 
.486 

./7S 

J-rS 

.183 

.240 
.2  6  4 
.296 

oooo 

■■S2S 
.-•70 
.418 

.27^ 
.34(, 

.46.1 
.4  8  ' 
.498 

./75- 
.181 
.188 

.3  2  8 
.392 
.07  6 

.'493 
.5/0 

.ISO 
./8k 

.330 
.39S 

.479 

.4  86 
..503 
.52/ 

./83 

./lo 

./9k 

.3  3  2 
.396 
.480 

.4  98 
.Sib 
.535 

.188 

■.'2lt 

.334 
.398 
.482 

o 

z 

.373 
.332 
■  2f2 

.^.50 
.<,9£ 
.87" 

.£14 
.£31 
.J.i4 

.194 

..5S4 

.724 
.905 

.£28 
.54  6 
.570 

.199 
.206 

.2/ J" 

.586 
.72  5 
.901, 

.539 
.559 
.5  8  3 

.203 
.21  1 
.220 

.589 
.72  6 
.908 

.554 
.573 
.S98 

■XVb 

.2  2  5 

..590 
.728 

6 

.2&0 
.232 

./  8-f 

'd'o 

2.2  1 

.5  74 
..S96 
.643 

.211, 
.224 
.242 

1.13 
1.4  2 
2.2  2 

.£91 
.6/3 
.66/ 

.222 
.23/ 
.249 

1.1  3 
1.42 

2.2  2 

.6  0  6 
.627 
.678 

.2  2  8 
.236 
.256 

I./3 
/W2 
2.2  2 

.6/8 
.643 
.696 

.2  3  3 
.242 
.262 

/.4  2 
^■.2  3 

1 

16     pv     16 
64    BY    64 

18      pv      '8 
64    '^Y     64 

20    RV    20 
64    BY    64 

22    BY    22          1 
64    BY    64            1 

IND. 
M.H. 

REAC 

OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC 
OHMS 

IMP. 

OHMS 

IND. 
M.H. 

REAC 

OHMS 

IMP. 
OHMS 

IND. 
M.H. 

REAC 
OHMS 

IMP 
OHMS 

iaa  OOO 
ASO    coo 

.81-t 
.772 
.728 

.lib 
.129 
.I4S 

.457 

.462 

'.1  14 

.ri8 

.208 
.2/8 
.230 

..J7.) 
■411 
.4  8  7 

.179 
./SI 
./S3 

.2/2 
.224 
.235" 

.SOS 

-/8  3 
./87 
./9  0 

.2/  7 
.240 

.£0  1 
.£09 
.£19 

./  89 
.19  2 
.19b 

.2  2  2 

.2  3  2 

.244 

3SO  OOO 
3oo  ono 
ZSO  OOO 

.68/ 
.630 
.3  7.5" 

.Ikk 
.194 
.233 

.480 
.4  9/ 
,£OS- 

.18  1 
.I8S 
.1  9  0 

.2  4  6 
.270 
.302 

.496 
.Jl  1 
.524 

./S7 
./92 
./97 

,2  5  2 
.2  74 
.306 

.S/3 
.526 
.5  4/ 

./9  3 
./98 

~?54 
.279 
.3/  / 

.529 

.54/ 
..557 

.200 
.204 
.2/0 

.260 
.282 

.3/4 

oo 

.528 
.-»70 
.4  18 

.2  7,5 
.34  h 
.437 

.517 
.536 
.552 

.I9S 
.202 
.2  OS 

.33? 
.403 
.4  86 

.534 
.556 
.5  7  8 

.2  0  2 
.209 
.2  /8 

.342 
'.490 

.556 
»575 
.599 

.2/0 
*2  2  6 

.34? 

.4;o 
.494 

.573 

,2/6 
.223 
.233 

.35  3 

.4'/ 5 
.496 

o 
i 

.373 
.332 

.S^O 
■.i9S 
.879 

.575- 
.59S' 
.i23 

.i  1  7 
.2  2  5 
.23S 

.5  92 
.732 
.912 

.601 

.226 
.2  3  5 
.2-<5 

,596 
.734 
.9/4 

.62/ 
.645 
.6  74 

.234 
.2  4  3 
.254 

.£99 
.737 
.9/  7 

.64/ 
.666 
.693 

.242 
.2S/ 
.2  k/ 

,602 
.740 
.920 

3 
6 

.2i.O 
.232 

./  s-f 

I.I ' 
1.40 
2.2  1 

.649 
.673 
.72J- 

.245 
.254 
.2  7  3 

1.14 
1.4  2 
2.2  2 

.674 
I754 

.254 
.2  64 
.2»4 

1.14 
1.4  3 
2.2  3 

.698 
.725 
.7SO 

.2  6  2 
.2  7  3 
.294 

1.14 
1.4  3 
2,2  3 

•.'7%i 
.809 

.272 
.28/ 
.305 

1.14 
1.43 
2.2  3 

♦Resistance  based  upon  loo  percent  conductivity  at  25  degrees  C  (77  degrees  F),  including  two  percent  allowance  for 
spiral  of  strands  and  two  percent  allowance  for  spiral  of  conductors.  For  a  temperature  of  65  degrees  C  (149  degrees  F) 
these  res'>!tancc  values  would  be  increased  15  percent. 

**The  inductance  is  in  millihenries;  the  reactance  and  the  impedance  are  in  ohms. 

The  table  values  were  derived  from  the  equation  L  =  0.08047  +  0.741  Logi<,-jT  where  R  is  the  radius  of  conductor,  D 
the  distance  between  centers  of  conductors  expressed  in  the  same  terms  as  R,  and  L  the  inductance  in  inillihcnries  per  mile 
of  each  conductor.    All  values  in  the  table  arc  single-phase  and  based  upon  a  single  conductor  one  mile  long. 


inductance,  as  determined  by  the  fundamental  formu- 
la, would  thus  tend  to  give  values  several  percent 
less  than  the  actual  when  applied  to  three-conductor 
cable  calculations.  On  the  other  hand  spiialing  the 
conductors  of  three  conductor  cables  tends  to  increase 
their  reactance  by  several  percent.  It  may,  therefore,  be 


assumed  that  the  use  of  the  fundamental  formula  in 
the  case  of  three-conductor  cables  give  results  ap- 
proximately correct.  Skin  effect  on  the  larger  cables 
will,  however,  tend  to  decrease  the  reactance  slightly, 
particularly  at  60  cycles. 
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CAPACITANCE  OF  3  CONDUCTOR  CABLES  ductor.     The  valucs  were  calculated  by  equations  (70) 

Formulas  for  determining  the  approximate  capaci-  ''"     w  i ;  • 
tance  of  three-conductor  cables  are  cumbersome.     They  ^he  susceptance  values  given  for  25  and  60  cycles 

give   reasonably   accurate   results   only  in   the  case  of  =^'7   '°   "^^'!"^':     I"   calculating  the   voltage   regulation 

,  J-  1     t  •         J  •  t,        tu  of  circuits,  It  is  general  practice  to  calculate  the  regu- 

a  homogeneous  dielectric  and  in  cases  where  the  con-  ,      ,     .       .  ,  ° 

,  ,,  J  ...         J-         r  ,1       1      ^i.  lation  on  the  basis  of  one  conductor  to  neutral.     The 

ductors  are  small  compared  to  the  radius  of  the  sheath.  ,  ,    ,  , 

„,  .       .  ,  ,,    .  ,  ,  J  susceptance  between  two  of  the  conductors  would  be 

They  give  inaccurate  results  in  cases  of  large  conduc-  ,    ,  r   1        1  1        1  .      r,,,         ,        r 

,       ,  ,      T-         o*    -It     .     .       .1  •  half  the  table  values  to  neutral.     The  values  for  suscep- 

tors   closely   spaced.     >ig.    s^*    illustrates   the   various  ^  ,     ,       ,   r  ,  ■ 

"     "  tance  were  calculated  from  the  equation, — 
MODEL                         RECIPROCAL  MODEL  Susceptance  to  neutral  in  micromhos  =  2  ^  f  C 

Thus  No.  o  three-conductor  cable  with  7/64  and 

7/64  insulation  has  a  capacitance  between  conductors  of 

{     Tl^V-K|3  0.195  microfarads  (0.39  microfarads  to  neutral).     The 

^-k,^    \  susceptance    to    neutral    at    60    cycles    therefore    is, — 

^~" i.o-^z^^^S-^  2  TT  60  X  0.39  =  147  microfarads,  as  indicated  by  the 

^^-^2)  table. 

INTER-RELATION   OF   CAPACITANCE  OF  THREE- 
FIG.    58 — REPRESENTATION    OF   CAPACITANCES    OF    A    SYMMETRICAL  CONDLTCTOR   CABLES 
THREE-PHASE  C.-\BLE 

The  following  equations  for  determining  the  effec- 

capacitances    of    a    three-conductor    cable.      Formulas  tive  capacitance  for  various  arrangements  of  the  three 

taken  from  Russel's  "Alternating  Currents"  have  been  conductors  and  the  sheath  are  given  in  Russell's  "Alter- 

combined   and    converted   to    common    logarithms    and  nating  Currents." 

are  given  below.     They  were  derived  by  the  method  Capacitance  between  i  and  2  ^  Yz  (d  —  Cn)  (72) 

of  images  and  on  the  assumption  that  the  conductors  Capacitance  between  i  and  2,  3  =  %  (C,  —  G,)  ....   (73) 

are   round   and   symmetrically    spaced   with    respect   to  Capacitan^ce^betwce^>t^i^nd  SJ2  and  3  tnsulated)  = 

the  axis  of  the  sheath.  cr+~C^  ^^^^ 

1  Capacitance  between  z  and  S,  2  (3  insulated)  =: 

'-'  =  7?^^^^  +  (G-C.)    (C.  +  C.) 

13-82  log.  j^r^  C.  (75) 

J  Capacitance  between  I  and  S,  2,  3  ^  d (76) 

5 H5 33 r  -^  0179  X  K  .   (70)  Capacitance  between  S  and  i,  2,  (3  insulated)  = 

r        ^(R*  +  R'd'  +  d'yi)  — c; ' (77) 

(^^.  __  \ _  Capacitance  between  i,  S  and  2.  3  =  2  (C.  -|-  Cu)  ....    (78) 

o     ,  R'  —  <i  Capacitance  between  S  and  /..',?  ^  ?  (d  -|-  2Ca)  ■  ■  ■    (79) 

^^.82log.J^^^  ^^^  ^         ■        - 

Where,—  I        / -^    ^-^^H— =«=^.     /\\        / 

R      z=  inside  radius  of  sheath  in  centimeters   (Fig.  59).  1 

r      r=  radius  of  conductor  in  centimeters. 

d  =  distance  between  axis  of  conductor  and  axis  of 
sheath  in  centimeters. 

K  =  the  dielectric  constant.  For  impregnated  paper  in- 
sulation it  varies  between  3  and  4;   for  varnished 

cambric  insulation  it  varies  between  4  and  6;   for  11     1  /     XKXJOk      \/      ;0«1300i      \l     I  I     r 

rubber  insulation  it  varies  between  4  and  9.  1  1     1/      flTroSsj      /      CP^fV&O,     \i     11     T 

Ci  =  capacitance  in  microfarads  per  mile  between  one 
conductor  and  the  other  two  conductors  plus  the 
sheath. 

Ci-2  =  mutual  capacitance  in  microfarads  per  mile  between 

any  two  conductors.     The  capacitance  to  neutral  is  >C 

twice  this  value.  JT 

C12     is    used    in    determining   the    capacitance    for   various  <& 

combinations  or  arrangements  as  explained  below. 

■J               i  I 

CAPACITANCE   AND   SUSCEPTANCE — TABLE   XXVII  ''  1^ q ^ 

Table  XXVII  contains  values  for  capacitance  and  ^ig.  59-dimension-s  of  a  sv.m .metrical  three-phase  cable 

susceptance  of   three  conductor  paper  insulated   cable  Cj    (76)    may  be  measured   in  the  ordinary  way, 

for  the  various  sizes  of  conductors  and  thicknesses  of  by   reading  the   throw  of  a  mirror  galvanometer  and 

insulation  indicated.  All  values  are  based  upon  a  value  comparing  with   the  throw  given  by  a   standard   con- 

for  K  of  3.5  and,  as  indicated,  a  thickness  of  insulation  denser.     A  further  measurement  of  (78)  or  (79)  will 

for  the  jacket  the  same  as  that  surrounding  each  con-  give  a  simple  equation  to  find  Cij.     For  instance,   if 

measurements  were  taken  of  (78)  and  (79)  and  were 

♦Reproduced   from  Alexander  Russel's   "Alternating  Cur-      r         ,  .     ,     . 
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TABLE  XXVII     CAPACITANCE  AND  SUSCEPTANCE  PER  MILE  OF  THREE  CONDUCTOR 

PAPER  INSULATED  CABLES 


AREA 

IN 

CIRCULAR 

MILS 

B  &  S  NO. 

INSULATION  THICKNESS  IN  64THS  OF  AN  INCH 

^   BY   ^ 

64     BY     g^ 

A     BY    ^ 

Aby^              1 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTHAL 

CAPACITANCE 

SUSCEPTANCE 

CAPACITANCE 

SUSCEPTANCE 

TO  NEUTRAL 

CAPACITANCE 

susceptanceI 

TO  neutral  I 

C 
1 

C 
12 

C 
I&2 

25 

60 

C 

1 

C 
12 

c 
1&2 

25 

60 

C 

1 

C 
12 

c 

I&2 

25 

60 

C 
1 

C 
12 

c 

I&2 

25 

60 

SoO OOO 
■ZSOOOO 

.680 
.bt,7 

.is? 

-.2/7 
-.197 
-.194 

.448 
.432 
.42J 

/4/ 
/36 
/33 

337 
32.5 
320 

.6/3 
.S90 
.S70 

-'./h9 
-./SI 

.394 
.379 

.36-( 

/24 
//9 
//4 

297 
286 
2  74 

.sss 

.5  38 

.5/7 

~-:',Vz 

.354 
.343 
.329 

/OS 
/03 

267 
259 
248 

.SOS 

.488 
.4  75 

-•/37 
-.130 
-./2S 

.32/ 
.30f 
.300 

10  1 

17 

It 

233 
226 

3SO  OOO 
300  OOO 
ZSO  OOO 

.6-JO 
.i>0() 
.S90 

-.l%9 

-.nt 

-.1  71 

.414 
.3"?/ 
.3  SO 

/JO 
/23 
/20 

3/3 
2  94 
2  86 

.S60 
.StS 
.S/8 

-./SS 
-./53 
-./42 

.359 
.349 
.330 

7/3 
/  /O 
/Ot 

270 
263 
249 

.50  6 

■.Vt% 

-./38 
-./3  / 
-.I2S 

.322 
.310 
.2')6 

101 
97 
93 

242 
234 
223 

.1^6 
.4  2  7 

-.//9 
-./It 
-./09 

.289 
I268 

9/ 

■84 

2/8 
2/2 
202 

oooo 

OOO 
OO 

.S70 
.S3S 
.SI3 

-.IkO 

-.141 

-.MO 

.3i-5 
.34/ 
.327 

/07 
/03 

26i- 
2.S7 
246 

.SOO 
.47.5 
.447 

-./34 

-./zs 

-./It 

.3/7 
.300 
.ZSI 

too 

n 

239 
2.26 
Z/Z 

.tt^ 

.420 
.398 

-./07 

.Z^o 
.262 

.249 

88 
82 
78 

/87 

.407 
.384 
.3  64 

-./0  3 
-.09  S 
-.OtZ 

.2  55 
.239 
.226 

75 
71 

/92 
/80 
/  70 

°, 

2. 

.442 

-./23 
-.119 
-.I07 

.308 
.290 

.3h3 

97 
1^ 

232 

.422 
.398 

.3  73 

-I0V9 
-.09/ 

•  Zi-t 

83 
78 

73 

/99 

'/Vs 

.3  74 
.3S/^ 
.332 

-.090 
-.086 
-.077 

•232 

.2  2/ 
.203 

73 
69 
64 

;i^7 
753 

J42 
.323 

.30i 

-'.07t 
-.07  0 

.2// 
.198 
./S7 

66 
62 
59 

/59 
/4  9 
/4I 

3 
6 

.102 
.378 
.342 

-.101 
-.100 
-.08/ 

.25/ 
.239 
.2/  / 

Vs 

/it 

;?o^ 
IS9 

.352 

.330 
.30/ 

-.084 
-.077 
-.o63 

.2/8 
.203 
./S2 

64 
S7 

/ts 

/S3 
/37 

.^/4 
.295 
.2  64 

-foil 
-.ost 

./93 
./SO 
./to 

57 
50 

/45 

.284 
.270 
.239 

-.otz 

-.OS1 
-.OSO 

.173 

.lit 
.144 

54 
52 
45 

/3/ 
/24 
108 

1 

a'-'  i 

^   BY.^ 

A    BY    ^ 

10     pv     10                      1 
64    BY    64                      1 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTBAL 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTRAL 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTRAL 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTRAL 

C 
1 

C 
12 

c 

I&2 

25 

60 

C 
1 

C 
12 

C 
I&2 

25 

60 

C 

1 

C 

12 

c 

I&2 

25 

60 

C 

1 

C 

12 

'^1.2 

25 

60 

SOO  OOO 
•4-30  OOO 
-^OO  OOO 

.468 
.454 

-./24 
-.119 
-.116 

.296. 
.2  86 
.Z7f 

93 
90 
88 

ZIO 

.435 

.427 
.4/.S 

-.107 
-./OS 

.Z7S 
.267 
.2  to 

86 
84 

82 

20  / 
/  96 

.312 

-./04 
-./0  3 

-.099 

.257 
•2  54 
.245 

81 
79 
77 

/93 

19/ 
184 

.380 
.368 

-.097 

-.0  9  3 
-.090 

.244 
.236 
.229 

74 
72 

^?l 

3SO  OOO 

300  OOO 
ZSOOOO 

.426 
.4IS 
.400 

-./OS 
-./OS 
-./ol 

.267 
.2hO 
.2  SO 

84 
82 
79 

20/ 

/9t 
7  88 

.398 
.390 
•  370 

-.099 

-.096 
-.0  89 

.248 
.243 
.229 

78 
76 
72 

/87 
783 
/73 

.380 
.365 
.352 

-.0  9  3 
-.089 
-.0  8  7 

.2  3  6 
.2  2  7 
.2/9 

74 

178 

171 

Its 

.3S'S 
.3fS 
.332 

-.0  87 
-.OS  / 
-.078 

.2  2  2 

.2/5 
.20.S 

70 
68 
,45 

ISS 

OOOO 
OOO 

.380 
.3.5S 
.330 

-.094 
-.OS4. 
-.oso 

.237 
.222 
.20s 

70 
i,S 

/78 
768 

/57 

.3.S4 
.332 
.3/3 

-.OSS 
-.OT) 
-07/ 

.220 
.20.5 
./92 

69 
<S4 
6>o 

/&6 
/SS 

Its 

.334 
.3/S 
.295 

-.07  t 
-.073 
-.067 

,20s 
./9't 
./S/ 

64 
tl 
57 

IfS 
/46 
/36 

.3/6 
.296 
.275- 

-.073 
-Ott 

-:o6/ 

•  /94 
.181 
.It9 

6/ 

i^3 

/46 
/36 
/27 

o 

.317 
.Z9f 
.ZTf 

-.073 
-.068 
-.o<;2 

.7  8  3 
.170 

6/ 
^8 
^4 

/47 
/38 
/28 

.293 
.280 
.2  64 

-.06.f 
-.06/ 
-.0^6 

./79 
./70 
./60 

To 

/3S 
/28 
/Zl 

.2  79 
.26/ 
.247 

-'056 
-0^2 

1/58 
./SO 

.54 
.50 
47 

128 
//9 
/ 13 

.263 
.247 
.233 

-.O.J6 
-.OSS 

-.Ots 

.IS9 
.IS  1 
./40 

so 

47 
44 

/20 
/'r6 

6 

.2fc4 
.250 

-.OSi 

-.06  3 
-.04.J 

.IbO 

•:/%'3 

SO 

47 
42 

//4 
/oo 

.248- 
.233 
.209 

-.OSZ 
-.048 
-.04/ 

./SO 

./to 

./2S 

-■7 
44 
39 

//3 
/at 
94 

.232 
.22/ 
./92 

-.048 
-ots 

-.037 

,/to 

./33 
.//7 

At 
42 
37 

/at 
too 
88 

.2  2  2 
.2/0 
./8? 

-.ott 

-.Otl 
-.03t 

•/3  3 

./25- 
.1/2 

42 

39 
3S 

/OO 

94 

85 

1 

_1I     RY    -U- 
64    ^^    64 

12     Rv     12 
64    BY    64 

13     ov     '3 
64    BY     64 

14     RY     14 
64    BY    64 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTHAL 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTRAL 

CAPACITANCE 

SUSCEPTANCE 
TO  NEUTRAL 

CAPACITANCE 

susceptanceI 
TO  neutral  1 

C 
1 

c 

12 

c 

I&2 

c,?P.s 

60 

C 
1 

C 

12 

C 
I&2 

25 

60 

C 

1 

C 
12 

0 
I&2 

25 

60 

0 

1 

C 

12 

c 

I&2 

25 

60 

■500  OOO 
-ISO  OOO 
-^OO  OOO 

.37; 

-.08 1 

-.08  7 
-.0  8,S 

.230 
.22J- 

1-9 

/73 
/70 
766 

.'352 

.33S 

-.08.S 

-.085 
-.080 

.220 
.2/8 
.209 

68 
66 

/  66 
/64 
/57 

.343 
.332 
.326 

-.082 
-.0  78 
-.0  76 

.2/2 
.20S 
.20  1 

67 
64 
63 
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iss 

isz 

.329 
.32/ 
.3/0 

-.078 
-.07  S 
-.07/ 

.203 
.198 
./90 

64 
62 
<so 

/5-3 
/49 
/43 

3SOOOO 

300  OOO 
2  so  OOO 

.340 

.31"? 
.3/6 

-,OSo 
-0  78 

-.07  X 

.2/0 
.Zo3 
./99 
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63 

/.5ff 
7.53 
7J-0 

.328 

?'4 

-.07  7 
-.07/ 
-,068 

.202 
./92 
./83 

63 

to 

/52 
/ts 
7J8 

.3/7 
.303 
.288 

-.073 

•  /9S 
./8t 

./76 

6/ 
.59 

It? 
/to 
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-Ots 

-.ots 
-.otl 

./8t 
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St 

S3 
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/33 
/27 
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OOO 
OO 
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.282 

.Zhl 

-.Ohf 
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-.OSS 
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SV 
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/40 
/29 
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'^ss 

-.06/ 
-.060 
-.OS4 

./76 
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SS 
52 

48 

/33 

/24 
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.26/ 
.24  7 

-.052 

./69 

./SS 
.ISO 

53 
.50 
47 
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//3 

.264 
.2SI 
,23f 

-.ost 
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.ISZ 
.142 

so 
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4S 
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I07 

O 

2 

.2  SO 
.237 
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-OS  3 

-oio 

./S/ 
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.'33 

48 
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42 
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43 
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IS 
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-.044 
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44 
42 
J9 
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32 
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77 
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3/ 

88 
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42 
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37 
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95 
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-.otl 

-.0  38 
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./2t 
.119 
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36 

ft 
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z 
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39 
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-.038 
-0  3.S 
-.032 
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37 

89 
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./88 
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.7  70 
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32 

85 
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./63 
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-'029 

./OS 
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30 
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73 
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.no 
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II 

•A 

67 
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27 
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I't 
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./tl 
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26 
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62 
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.ost 
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28 

68 

if 

Capacitance — The  values  in  tabic  for  capacitance  were  dcri\ed  by  formulas  in  Alexander  Russel's  "."Mternatiiig  Currents." 
These  values  arc  as  follows; — d  values  arc  the  capacitance  in  microfarads  per  mile  between  one  conductor  and  the  other 
two  conductors  plus  sheath.  C,-i  values  are  the  mutual  capacilancc  in  microfarads  per  mile  between  any  two  conductors. 
The  capacitance  to  neutral  is  twice  these  values.  Cu  values  per  mile  are  used  in  the  application  of  Russel's  formulas  for 
determining  the  capacitance  corresponding  to  various   arrangements  of  the  three  conductors  and  the  sheath. 

The  Charging  Current  in  amperes  per  mile  for  each  conductor  to  neutral  =  susceptance  in  micromhos  to  neutral  (taken 
from  Table)   X  volts  to  neutral  X  lo ". 

Dielectric  Constant— AW  of  the  above  table  values  are  based  upon  a  value  for  the  dielectric  constant  K  of  3.5.  For  all 
other  values  of  K  the  table  values  will  change  in  direct  proportion.  Values  for  K  will  usually  be  found  between  the  follow- 
ing limits;  for  impregnated  paper  3.0  to  4.0;   for  varnished  cambric  4.0  to  6.0  and  for  rubber  4.0  to  9.0. 
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TABLE  XXVI II- 


-THREE-PHASE  CHARGING   KV-A  PER  MILE  OF   THREE-PHASE  CIRCUIT  OF 
THREE  CONDUCTOR  PAPER  INSULATED  CABLES 


25 

c 

Y 

C  L 

E  S 

AREA 

IN 

CIRCULAR 

MILS 

B  &  S  NO. 

CHARGING  KV-A  PER  MILE  (EXPRESSED  IN  KV-A  3  PHASE)  FOR  PAPER  INSULATED  THREE 
CONDUCTOR  CABLES    BASED  UPON  A  VALUE  FOR'k'OF  3  5  AND  UPON  A  THICKNESS  OF 
INSULATION  SURROUNDING  THE  CONDUCTORS  AND  OF  THE  JACKET    INDICATED, 
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4 

64 
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4 
64 
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4 

64 
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VOLTS 
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64 
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64 
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8 

64 
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10 
64 
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64 
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64 
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64 
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.4SS 
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2.90 

k 

.OOfOO 
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64 
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VOLTS 

6 
64 

4400 

VOLTS 

8 

64 

6000 
VOLTS 

6600 
VOLTS 

6900 

VOLTS 

10. 

64 

10 
64 

14 
64 

10 

64 

14 
64 

soo  000 
4.S0  000 
■400000 

.OIt3 
.OI3S 

.OS74 
.OSS^ 
.0S30 

.0830 

.323 
.3/3 
.30/ 

■/3 

-f.oo 
3.S8 
3.79 

<=.ss 
6.40 

6.2  0 

S.49 
5.3-S 
S.I  3 

;:Ji 

6.6  5* 
6.4  8 
6.2  2 

8-4  6 
S.22 

300000 
zsoooo 

.OI3  1 

.OS22 

.OSIO 
.OtS3 

.OS/S- 
.07si 

•292 
.583 
.270 

/ 

OS 
°9l. 

J.6/ 

J:iJ 

S.9S 
S.SO 

s.ss 

■i.9S 

4.7? 
4.56 

'i^'s 

6.7S 

6.07 
,t.5°2 

7.9  3 

?:^3^7 

0000 
ooo 
00 

.o/is 
■.%',V2 

.Ot&3 
.0437 

.072S 
.06S5 
.0643 

.2SS 
.Z40 
.22i 

S20 

-3.22 
3.00 

2.30 

S.24 
4.8  5 
4.SS 

tf2' 
3.S4 

6.3S 
5.92 
5.52 

,5.2  6 
4I6-5 

6.93 

0 
/ 
z 

.oo^t 
.ooio 
.OOS4 

.03SS 
.0362 
.0339 

.Ok02 
,OShb 
.0S30 

.212 
.202 
.ISS 

76S 
720 
6  SO 

2.6/ 
2.4  8 
^.34 

4.30 
4.0S 
3.SO 

3.59 

3^4  4 
3.19 

5.2  2 

4.1s 
.4.60 

4.3,5 
3'.'8  7 

S.70 
S.42 
S.04 

1 

fciii 

.0320 
.029i 
.026S 

.OSOO 
'.04  IS 

.17 1 
.I6S 
.1-^1 

632 
,522 

Z.lS 

2.0s 

1.12 

3.S9 
3.3  7 
3.0s 

3.0s 

2.87 
2.6  2 

4.3S 

3.70 

3.70 
3.48 

3./ 7 

4.7S 
4.46 

60        CYCLES 

10.000 
VOLTS 

J2. 

64 

11.000 
VOLTS 

13.200 
VOLTS 

16.500 
VOLTS 

14 

64 

20.000 
VOLTS 

22.000 
VOLTS 

.18. 

64 

25000 
VOLTS 

12 
64 

14 
64 

12 
64 

16 
64 

16     • 
64 

18 
64 

18 
64 

20 
64 

^00  000 

4.S0000 
400 000 

7  6.7 
It.S 
/S.S 

/9.'8 

'lf.'3 

2  8.f 
2«.5 
27.2 

2  4."? 
Z4.4 
23.S 

40.3 

3S.S 

si'.c 

J- 4.0 

5  3.3 
J  2.0 
50.9 
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The  values  in  Table  XXVIII  are  based  upon  a  value  for  the  dielectric  constant  A'  of  3.5.  For  all  other  values  of  K  the 
table  values  will  change  in  direct  proportion.  Values  for  K  will  usually  be  found  between  the  following  limits;  for  impreg- 
nated paper  3.0  to  4.0 ;  for  varnished  cambric  4.0  to  6.0  and  for  rubber  4.0  to  9.0. 


2  Ci  -\-  3  Ci2=^  0.410  mf.  per  mile 
And  3  Ci  -\-  6  Ci2  =  0.450  mf.  per  mile 
Therefore  Ci   =  0.26    mf.  per  mile 
Ca  =  0.055  »'/•  per  mile 


(78) 
(79) 


Numerical  E. ram  pies — From  Table  XX\"II  for  a 
250  000  circ.  miL,  three-conductor  cable  having  a  band 
of  insulation  surrounding  each  conductor  of  16/64  oi 
an  inch  and  an  insulation  jacket  surorunding  all  three 
conductors  of  the  same  thickness,  the  following  values 
are  obtained : — 


Ci   =  0.260  mf.  per  mile. 

Cu  =  — 0.055  "'/•  P^''  utile. 
Then,  in  the  order  in  which  the  capacitance  increases,— 
Capacitance  betiveen  i  and  2  =  0.157  '"/■  per  mile. . . .   (72) 
Capacitan.ce  betiveen  I  and  2,  s  ■=.  o.2lo  mf.  per  mile . .   (73) 
Capacitance  between  j  and  S  {2  and  3  insulated)  = 

0.230  mf.  per  mile (74) 

Capacitance  betiveen  i  and  S,  2  (3  insulated)  =  0.248 

mf.  per  mile  {75) 

Capacitance  between  I  and  S,  2,  3  =  0.260  mf.  per 

mile (76) 

Capacitance  between  S  and  I,  2  {3  insluated)  =  0.363 

mf.  per  mile    {77) 
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Capacitance  betucen  I,  S  and  2,  3  =  0.410  mf.  per 

mile (78) 

Capacitance  between  S  and  i,  2,  3  =  0-430  mf.  per 

mile (79) 

COMPARISON    OF    CALCULATED   CAPACITANCE    WITH 
TEST  RESULTS 

The  difference  between  measured  results  of  capaci- 
:ance  and  the  results  calculated  by  the  above  formulas 
ire  given  in  Fig.  60.  It  will  be  seen  that  in  all  cases 
:hese  calculated  results  are  less  than  the  corresponding 
:est  results,  the  discrepancy  being  greater  as  the  con- 
luctor  becomes  larger  and  the  separation  less.  The  dif- 
ferences vary  from  zero  to  as  much  as  eleven  percent 
for  the  largest  cable,  at  the  minimum  spacing  shown, 
rhe  discrepancy  is  greatest  with  the  minimum  thickness 
3f  insulation.  Since  such  cables  would  be  used  only 
for  low-voltage  service,  the  charging  current  would  be 
^mall  and  consequently  this  error  would  probably  be  of 
little  importance.  For  6600  volt  cables  the  results  by 
the  formula  would  seem  to  be  approximately  five  per- 
cent too  low. 
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THICKNESS  OF  INSULATION  SURROUNDING  CONOUOTOR  AND  OF 
JACKET  IN  64THS  OF  AN  INCH 

FIG.  60 — COMPARISON  OF  CALCULATED  AND  MEASURED  CAPACITANCES 

Tests  made  on  three  conductor  paper  insulated  cables,  K  =  3.5. 

.The  cause  of  the  discrepancy  between  the  formula 
and  test  results  is  as  follows: — In  order  to  obtain  a 
mathematical  solution,  Russell  found  it  necessary  to 
make  certain  approximations  to  the  true  physical  condi- 
tions. Thus  the  resulting  mathematical  formula  can- 
not give  exact  results.  The  approximation  made  by 
Russell  is  very  close  to  the  actual  physical  fact  where 
the  conductors  are  small  compared  with  the  insulation 
thickness,  but  it  is  not  very  close  where  the  conductors 
are  large  compared  with  the  insulation. 

CHARGING  KV-A TABLE  XXVIII 

Table  XXVIII  contains  values  for  charging  cur- 
rent (expressed  in  kv-a,  three-phase)  for  three-conduc- 
tor paper  insulated  cables,  both  25  and  60  cycles,  based 
upon  a  value  for  K  of  3.5.  For  other  values  of  K,  the 
table  values  would  vary  in  proportion.  For  other 
thicknesses  of  insulation,  the  kv-a  values  would  vary  as 
the  susceptance  values  corresponding  to  the  thickness  of 
insulation  (See  Table  XXVII).  In  some  cases,  such 
for  instance,  as  grounded  neutral  systems,  the  thickness 


of  insulation  of  the  jacket  may  be  less  than  that  sur- 
rounding the  conductors.  In  such  cases  it  might  be  de- 
sirable to  calculate  the  susceptance  and  charging  cur- 
rent, if  accurate  results  were  desired.  The  values  for 
charging  current  corresponding  to  two  thicknesses  of 
insulation  are  included  for  some  of  the  commonly  em- 
ployed transmission  voltages. 

These  kv-a  values  were  calculated  by  using  the 
values  for  susceptance  in  Table  XXVII  which,  in  turn, 
were  derived  from  the  capacitance  in  the  same  table  ob- 
tained by  formulae  (70)  and  (71).  Thus  a  350000 
circ.  mil  cable  with  10/64  and  10/64  paper  insulation 
has  a  60  cycle  susceptance  to  neutral  of  167  micromhos 
per  mile.  Since  the  charging  current  in  amperes  to 
neutral  equals  the  susceptance  to  neutral  X  volts  to 
neutral  X  lo""*  and  assuming  6600  volts,  three-phase 
between  conductors,  we  have: — 

6600 
167  X  ~rzr^  '""'  =^  0.637  amperes  to  neutral. 

Charging  kv-a  =  0.637  X  3815  X  3  =  7-25  kv-<', 
as  indicated  in  Table  XXVIII. 

VALUES   FOR   K 

The  capacitance  of  any  cable  depends  upon  the  di- 
electric constant  of  the  insulating  material  and  a  dimen- 
sion term  or  form  factor.  The  dielectric  constant 
should  be  determined  from  actual  cables  and  not  from 
samples  of  material.  The  usual  range  in  value  for  K 
is  given  below. 

Value  of  K 

Impregnated  Paper  3.0  to  4.0 

Varnish  Cambric  4.0  to  6.0 

Rubber 4.0  to  9.0 

All  values  in  Tables  XXVII  and  XXVIII  are  based 
upon  a  value  of  K  of  3.5.  For  all  other  values  of  K 
all  table  values  will  vary  in  the  same  proportion  as  their 
K  values.  The  actual  value  of  permittivity  of  most 
paper  insulation  runs  about  ten  percent  less  than  the 
value  3.5  which  has  been  used  in  calculating  the  accom- 
panying table  values.  The  true  alternating-current  ca- 
pacitance is  always  considerably  lower  than  the  capaci- 
tance measured  with  ballistic  galvanometer. 
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CONDENSERS  are  very  simple  in  construction,  mechanically,  and  their  principle  of  operation  is  not 
at  all  difificult  to  understand,  but  the  application  of  condensers  to  secure  the  most  economical  operation  is 
an  entirely  different  matter.  It  is  a  problem  depending  on  so  many  variables  and  susceptible  of  so  many 
changes  that  many  serious  mistakes  have  been  made.  It  is  the  purpose  of  this  article  to  treat  of  the  vari- 
ous factors  bearing  on  the  selection  of  the  type  of  condenser.  The  discussion  of  the  selection  of  the  proper 
■size  of  condenser  is  to  be  treated  in  a  later  issue. 


THE  SELECTION  of  the  right  condensers  to 
serve  steam  driven  prime  movers  is  purely  a 
question  of  power  plant  economics.  The  con- 
denser, regardless  of  type,  has  no  excuse  for  being  in 
a  modern  power  plant  other  than  its  reduction  of  the 
cost  of  power.  Operating  condensing,  as  compared 
with  non-condensing  operation,  cuts  the  cost  of  power 
approximately  in  half.  It  is  therefore  essential  that 
great  care  be  exercised  in  making  the  selection,  so  that 
the  full  saving  from  condensing  operation  may  be 
realized.  The  problem  of  condenser  application  thus 
reduces  itself  to  a  calculation  to  determine  which  equip- 
ment will  produce  power  at  the  lowest  cost. 

Using  the  principle  of  operation  as  a  basis  of  classi- 
fication, there  are  two  general  classes  of  condensers; 
the  surface  type  and  the  jet.  type.  No  attempt  will  be 
made  to  go  into  the  details  of  design,  but  only  to  point 
out  the  fundamental  principles  that  have  a  direct  bear- 
ing on  the  selection.  The  surface  condenser  is  a  nest 
of  tubes  through  which,  or  around  which,  cooling  water 
is  circulated.  Steam  is  condensed  on  the  surface  of  the 
tubes  and  collected  in  the  hotwell,  not  being  allowed  to 
mix  with  the  cooling  water.  In  the  jet  condenser,  the 
cooling  water  is  introduced  directly  into  the  condensing 
chamber  and  mixes  with  the  condensed  steam.  The 
distilled  water  is  therefore  not  directly  available  for 
boiler  feed,  but  if  the  cooling  water  is  used  for  feed  a 
portion  of  the  warmed  condenser  discharge  may  be  di- 
verted for  feed.  This  mixing  of  the  water  and  con- 
densed steam  means  one  less  pump  for  the  jet  con- 
denser, as  no  separate  pump  is  needed  to  handle  the 
condensate.  A  variation  of  the  jet  type  is  the  baro- 
metric or  high  level  jet.  In  this  type,  the  cooling  water 
flows  out  of  the  condenser  by  the  force  of  gravity,  and 
under  the  most  favorable  conditions  requires  no  circu- 
lating pump  as  the  water  is  available  within  the  suction 
lift  of  the  vacuum  in  the  condenser.  Such  installations 
are  not  numerous,  however. 

Every  condenser  must  have  some  means  of  getting 
rid  of  the  air  and  noncondensible  vapors  that  collect  in 
it.  This  may  be  accomplished  with  air  pumps,  with 
steam  or  water  jet  ejectors,  or  simply  by  depending  on 
the  entrainment  of  the  air  in  the  cooling  water  to  carry 
it  off. 

To  avoid  confusion  by  introducing  too  many  dif- 
ferent kinds  of  condensers,  this  discussion  is  confined 


to  the  comparison  of  the  surface  and  low  level  jet  con- 
densers, which  represent  the  majority  of  installations. 
The  same  general  methods  would  be  applied  in  compar- 
ing any  number  of  condensers  with  any  of  the  numerous 
pump  combinations  that  can  be  made. 

In  selecting  the  type  of  condenser  to  be  used,  the 
following  points  should  be  given  consideration; — the 
space  available,  the  boiler  feed  problem,  the  cooling 
water,  maintenance  and  first  cost.  In  most  cases,  by  a 
general  survey  of  these  items,  the  selection  can  be  made 
without  resorting  to  refinements  in  calculations.  If, 
however,  such  a  survey  discloses  the  fact  that  there  is 
little  difference,  then  each  t}pe  of  condenser  should  be 
taken  up  individually,  determining  the  inost  economical 
size  of  each  type,  and  then  comparing  these  sizes,  rather 
than  the  sizes  that  have  been  selected  more  or  less 
arbitrarily.  The  general  procedure  in  dealing  with  the 
factors  of  selection  is  to  determine  in  each  case  the  ex- 
cess operating  and  installing  costs  involved  with  either 
ty])e  and,  when  these  have  been  found,  to  summarize 
the  whole,  balancing  one  against  the  other.  The  excess 
operating  and  maintenance  costs  should  be  capitalized 
at  a  fair  percentage  and  the  resulting  amount  added  to 
the  condenser  that  has  such  an  excess.  This  total  is 
the -amount  that  it  is  justifiable  to  pay  in  initial  expense 
for  the  condenser  that  eflfects  the  saving. 

SPACE   REQUIRED 

The  amount  of  floor  space  and  the  head  room  avail- 
able are  rarely  deciding  factors  in  selecting  condensers. 
Surface  condensers  require  more  floor  space  than  jet 
condensers,  especially  when  allowance  is  made  for  the 
space  required  to  remove  the  tubes.  In  a  new  plant, 
space  for  a  surface  condenser  can  be  arranged  without 
difliculty,  but  frequently  special  turbine  foundations 
have  to  be  made  to  accommodate  the  condenser.  The 
head  room  required  in  either  case  is  about  the  same, 
with  some  adjustments  possible  by  variations  in  design, 
such  as  the  proportioning  of  the  shell,  or  the  use  of  twin 
units.  On  the  whole,  the  question  of  space  is  not  of 
primary  importance,  though  the  difference  in  the  cost  of 
the  installation  due  to  the  space  occupied,  if  any  exists, 
should  be  reflected  in  the  analysis  for  the  selection. 

BOILER  FEED 

Since  the  surface  condenser  recovers  the  condens- 
ate for  boiler  feed,  whereas  the  jet  does  not,  the  quality 
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of  the  water  available  for  boiler  feed  plays  a  very  im- 
portant part  in  the  problem  of  selection.  There  is 
practically  no  natural  water  that  does  not  contain 
enough  solid  matter,  either  in  suspension  or  solution,  to 
form  scale  in  boilers.  Some  waters  contain  minerals 
that  form  a  hard  scale,  while  others,  with  just  as  high 
a  content  of  minerals,  form  a  soft  brittle  scale  easily 
removable.  The  question  of  treating  feed  water,  what 
minerals  are  most  objectionable  and  methods  of  clean- 
ing boilers  cannot  be  discussed  here,  but  most  feed 
waters  have  to  be  treated.  The  methods  of  securing 
good  feed  water  vary  from  a  chemical  treatment  of  all 
of  the  feed  to  the  recovery  of  the  condensate  with  a 
surface  condenser,  and  treating  only  the  make-up  water. 
Although  the  surface  condenser  should  deliver  pure 
distilled  water  to  the  feed  heater,  this  is  not  always  the 
case.  The  purity  of  the  water  depends  on  the  tightness 
of  the  tube  packing  and  the  condition  of  the  tubes 
themselves,  because  if  the  tubes  leak  the  feed  water  will 
be  adulterated  by  the  amount  of  the  leakage.  For  this 
reason  frequent  electrical  or  chemical  tests  of  the  con- 
densate to  determine  its  quality  should  be  made. 


these  items  determined  another  step  in  the  analysis  is 
completed. 

COOLING   WATER 

Of  almost  equal  importance  as  the  boiler  feed  is 
the  cooling  water  problem,  the  quality,  quantity  and 
cost  of  handling.  A  condensing  plant  requires  from  25 
to  100  pounds  of  water  per  pound  of  steam  condensed 
for  condensing  water  alone.  It  is  quite  desirable  to 
secure  a  plentiful  supply  of  water  at  a  low  temperature, 
and  at  such  elevations  as  to  require  a  minimum  pump- 
ing power.  Natural  heads  are  desirable  but  not  often 
available  for  steam  plants.  Where  the  water  supply  is 
limited,  an  artificial  cooling  system  can  be  installed,  and 
the  amount  of  water  circulated  will  then  depend  on  the 
cooling  range  that  can  be  effected  by  the  cooling  system 
and  not  on  the  type  of  condenser  employed. 

Cooling  towers  and  spray  ponds  are  both  used  for 
artificial  cooling.  The  rise  in  the  temperature  of  the 
cooling  water  must  be  kept  within  the  cooling  range  of 


FIG.    1 — 8000   SQ.    FT.    SURFACE   CONDENSER    FOR    50OO    KW 
DOUBLE-FLOW   TURBINE 

With  surface  condensers  in  a  plant  probably  not 
more  than  90  to  93  percent  of  the  boiler  feed  will  be  re- 
turned to  the  boilers  and  the  rest  will  have  to  be  made 
up.  This  make-up  water  will  have  to  be  treated,  but 
the  expense  of  treating  is  small  compared  to  the  ex- 
pense of  treating  incurred  with  jets,  where  all  the  feed 
must  be  treated.  There  will  also  be  a  loss  of  heat  in 
the  feed  when  jets  are  used  unless  the  feed  is  taken 
from  the  discharge  of  the  condenser,  because  the  tem- 
perature in  the  holwell  of  a  surface  condenser  is  higher 
than  the  temperature  of  the  cooling  water. 

When  investigating  the  feed  water  phase  of  the 
problem  it  will  therefore  be  necessary  to  find  out  the 
excess  cost  of  treating  the  feed,  the  amount  chargeable 
to  the  jet  for  the  loss  of  heat  in  the  feed,  and  the  excess 
cost  of  the  treating  plant.  The  cost  of  treating  is  vari- 
able, depending  on  the  nature  of  the  water  to  be  treated, 
but  ordinarily  the  cost  does  not  exceed  fifteen  cents  per 
thousand  gallons.  The  loss  of  heat  can  be  reduced  to 
the  amount  of  steam  required  to  bring  the  temperature 
of  the  feed  to  that  of  the  condensate  in  a  surface  con- 
denser, and  then  find  the  cost  of  generating  this  steam. 
The  cost  of  a  treating  plant  will  depend  on  the  method 
used  and  the  amount  of  water  to  be  treated.     With  all 
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FIG.    2— DI.\GRA.\I    OF    ELEMENTARY    SURFACE    CONDENSER 

the  tower  or  pond,  since  the  water  has  to  be  cooled  just 
as  much  as  it  has  been  heated  in  passing  through  the 
condenser.  For  the  average  conditions  of  temperature 
and  humidity,  say  70  degrees  air  temperature  and  70 
percent  humidity,  the  cooling  range  for  a  natural  draft 
tower  or  a  spray  pond,  single  spraying,  is  usually  as- 
sumed to  be  from  14  to  16  degrees  and,  for  a  forced 
draft  tower  or  a  pond  with  double  spraying  system, 
from  22  to  25  degrees.  This  means  that  the  ratio  of 
water  to  steam  would  be  between  60  and  70  to  i  in  the 
first  case  and  about  40  to  i  in  the  latter. 

The  effects  of  bad  water  on  jet  condensers  are  of 
less  moment  than  with  the  surface  condenser,  as  the 
parts  subject  to  corrosion  can  be  replaced  more  cheaply. 
The  tubes  in  a  surface  condenser  will  last  indefinitely,  if 
the  water  is  noncorrosive,  but,  with  such  water,  surface 
condensers  are  not  ordinarily  used.  When  the  water  is 
quite  bad,  the  tubes  last  only  a  short  time  and  although 
it  may  be  highly  desirable  to  save  the  condensate,  the 
cost  of  doing  this  may  not  compare  favorably  with  the 
cost  of  boiler  feed  from  some  other  source. 

By  far  the  most  important  phase  of  the  cooling 
water  problem  is  the  cost  of  handling  the  water  under 
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the  conditions  that  may  exist  in  the  power  plant.  The 
jet,  by  reason  of  its  ability  to  realize  a  lower  terminal 
difference  than  a  standard  surface  type,  i.  e.  difference 
between  the  temperature  of  the  exhaust  steam  and  that 
of  the  outgoing  cooling  water,  does  not  require  as  much 
water  under  average  conditions  as  the  surface  con- 
denser. This,  however,  does  not  mean  that  it  will  re- 
quire less  power.  The  jet  has  to  pump  all  the  water 
out  of  the  vacuum  corresponding  to  about  30  feet  suc- 
tion lift  and,  in  addition,  has  to  discharge  against  an 
external  discharge  head  that  is  never  less  than  the  ex- 
ternal discharge  head  on  the  surface  condenser.  The 
external  head  consists  of  the  static  lift  plus  pipe  fric- 
tion. This  means  that  the  jet  always  has  a  pumping 
head  above  thirty  feet,  whereas  the  surface  condenser 
may  not  require  a  greater  head  than  condenser  and  pipe 
friction.  Such  a  case  would  exist  where  the  water  is 
taken  from  a  lake  or  a  river  and  discharged  back  to  the 


FIG.    3 — 45  000    SQ.    FT.    SURFACE   CONDENSER    SERVING    A    25  000    KW 
DOUBLE-FLOW    TURBINE 

same  level,  the  whole  system  being  sealed  so  that  the 
full  syphonic  effect  is  realized.  Such  installations  are 
quite  frequent.  With  a  discharge  level  above  the  base- 
ment floor,  such  as  is  usually  encountered  in  spray  pond 
and  cooling  tower  installations,  the  advantage  of  a 
lower  pumping  head  is  also  with  the  surface  condenser 
because  it  can  take  advantage  of  the  balanced  leg  in  the 
circulating  system,  while  the  jet  cannot.  As  an  ex- 
ample, assume  a  cooling  tower  installation  with  the  level 
of  the  cold  well  ten  feet  above  the  basement  floor. 
There  will  be  a  ten  foot  positive  head  on  the  circulator 
of  the  surface  condenser  and  this  ten  feet  can  be 
credited  because,  under  static  conditions,  the  level  of 
the  water  in  the  system  would  be  that  far  above  the 
floor,  but  the  jet  cannot  take  advantage  of  this  head  be- 
cause it  will  have  to  pump  the  water  ten  feet  in  addition 
to  the  internal  head  due  to  the  vacuum.  From  this  it  is 
evident  that  in  most  cases  the  advantage  of  head  lies 
with  the  surface  type. 

Since  with  a  surface  condenser,  the  vacuum  obtain- 
able depends  on  a  variety  of  things,  including  the  rate 


of  heat  transmission  through  the  tubes,  the  velocity  of 
the  circulating  water,  and  the  size  of  the  condenser,  it 
is  possible  to  select  a  number  of  condensers,  each  with 
a  different  ratio  of  water  circulated  to  the  square  feet  of 
surface,  that  will  give  approximately  the  same  vacuum 
with  a  given  amount  of  steam.  But,  with  the  jet  con- 
denser the  number  of  gallons  of  water  is  practically 
tixed  when  the  quantity  of  steam  and  vacuum  are  de- 
termined. This  is  due  to  the  fact  that  most  jets  realize 
a  terminal  difference  between  five  and  eight  degrees, 
indicating  that  the  rise  in  the  temperature  of  the  circu- 
lating water  and  the  ratio  of  water  to  steam  will  be 
practically  the  same  for  all  jet  condensers  giving  a  cer- 
tain performance.  Thus  with  a  surface  type  the  ratio 
of  water  to  surface  can  be  varied  to  suit  the  conditions 
of  pumping  heads  and  the  necessity  for  conservation  of 
the  auxiliary  power.     It  is  generally   recognized  that, 


FIG.   4 — SMALL   MOTOR-DRIVEN  JET  CONDENSER  FOR  5OO  KW  TURBINE 

for  high  heads,  there  should  be  a  lower  ratio  of  water 
to  surface  than  for  low  heads.  This  permits  of  a  re- 
duction of  the  quantity  of  water  to  be  pumped,  cutting 
down  the  auxiliary  power  and  operating  expense  at  the 
cost  of  a  greater  initial  investment  for  a  larger  con- 
denser. No  such  manipulation  is  possible  with  the  jet, 
but  since  its  ratio  of  water  to  steam  is  lower  in  prac- 
tically every  case,  it  has  a  chance  to  approach  the  sur- 
face condenser  in  pumping  power  as  the  heads  increase, 
overcoming  the  handicap  of  having  to  pump  against  a 
greater  total  pumping  head  by  its  decreased  amount  of 
water  to  be  pumped. 

The  comparison  of  the  power  requirements  is  not 
determined  alone  by  the  comparison  of  the  quantities  of 
water  circulated  and  the  heads  existing,  but  also  by  the 
fact  that  the  jet  condenser  discharge  pump  is  in- 
herently less  efficient  than  a  pump  not  discharging  from 
a  vacuum,  and  that  the  jet  must  have  a  larger  air  pump 
than  the  surface.  Against  all  these  handicaps  of  less 
efficient  pumps,  greater  heads  and  more  power  for  the 
air  pump,  the  jet  has  the  advantage  of  less  water  to 
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circulate.  In  most  installations,  the  jet  requires  more 
power  for  drive,  the  amount  of  this  excess  depending 
on  the  discharge  head,  the  type  and  capacity  of  the  air 
pump,  and  the  vacuum  at  which  the  condensers  are 
compared.  With  this  excess  determined,  an  excess 
charge  in  operating  expense  can  be  made.  This  should 
be  taken  at  a  fair  rate  per  horse-power-hour  for  the 
total  number  of  hours  per  year  the  condenser  will  be  in 
service,  thus  giving  another  item  for  the  final  com- 
parison. 

CONDENSER  DRIVES 

The  type  of  drive,  whether  electric  or  steam,  de- 
pends entirely  on  the  use  that  can  be  made  of  the  ex- 
haust steam.     If  other  steam-driven  auxiliaries,  such  as 

Steam 
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FIG.   5 — DIAGRAM   OF   ELlCMliiNTAKY    JET  CONDENSER 

drives  for  stokers,  fans  and  boiler  feed  pumps,  furnish 
enough  exhaust  steam  to  heat  the  feed  water,  it  will  not 
be  necessary  to  have  the  condenser  auxiliaries  steam 
driven.  In  accounting  for  the  excess  power  on  steam 
drives,  it  is  customary  to  neglect  a  charge  if  all  the 
steam  can  be  used  to  an  advantage  in  heating.  If  mo- 
tor driven,  the  charge  is  usually  determined  by  taking 
the  water  rate  on  the  turbine  from  which  the  motor 
derives  its  power,  allowing  for  all  electrical  losses,  thus 
arriving  at  the  equivalent  steam  consumption  per 
horse-power  of  the  motor  load.  In  most  plants  this 
will  run  from  fifteen  to  twenty  pounds  per  horse- 
power-hour. The  charge  for  excess  power  can  then  be 
foimd  from  the  cost  of  producing  the  excess  steam  that 
is  required. 

FIRST  COST  AN»  M.MNTENANCE 

In  the  matter  of  first  cost  the  jet  has  quite  a  de- 
cided advantage  as  it  usually  costs  about  half  as  much 


as  the  surface  condenser.  A  jet  condenser  for  a  loooo 
kw  turbine  will  cost  about  $30  000  delivered  and  erected 
at  the  present  prices,  and  a  surface  condenser  for  the 
same  turbine  will  cost  about  $6$  000.  It  is  this  great 
difference  in  first  cost  that  often  makes  the  installation 
of  the  jet  justifiable,  for  such  a  wide  difference  will 
offset  a  considerable  amount  of  capitalized  savings. 

Since  the  jet  condenser  has  only  two  pumps, 
whereas  the  surface  has  three,  the  cost  of  keeping  the 
pumps  of  a  jet  in  repair  will  not  be  as  high  as  for  the 
surface,  but  the  difference  is  so  slight  that  it  can  be 
neglected  without  any  very  great  inaccuracy.  Pump 
runners  may  last  anywhere  from  a  few  months  to 
several  years,  depending  on  the  kind  of  water  being 
pumped,  so  that  it  is  almost  impossible  to  give 
any  general  data  on  the  cost  of  making  runner  replace- 
ments. 

As  to  cleaning,  the  jet  requires  prac- 
tically no  attention,  often  going  for  years 
—  without  being  opened,  but  a  surface  con- 
denser must  be  cleaned  frequently  to  prevent 
xi  serious  loss  of  vacuum.  The  loss  of  vacuum  is  due 
to  the  falling  off  of  the  rate  of  heat  transfer  due  to  the 
thirty  lubes  and  a  restriction  in  the  flow  of  water 
through  the  condenser.  The  frequency  of  cleaning  and 
the  attendant  cost  vary  with  quality  of  the  cooling 
water.  In  some  plants  condensers  are  cleaned  after  a 
week  of  service,  in  others  they  are  allowed  to  go  a 
month,  while  in  others  they  are  not  cleaned  at  any  regu- 
lar intervals  but  only  after  a  definite  loss  in  vacuum  has 
been  observed.  The  cost  of  cleaning  varies  with  the 
character  of  the  deposit  on  the  tube,  the  method  of 
cleaning,  facilities  for  handling  the  water  box  covers, 
and  the  price  of  labor.  This  cost  may  vary  from  two 
or  three  cents  per  square  foot  per  year  to  fifteen  or 
twenty  cents  per  square  foot. 

Another  important  item  of  expense,  in  connection 
with  surface  condensers,  is  the  replacement  of  tubes. 
Tubes  may  last  several  years  or  they  maj'  last  only  a 
few  months,  depending  on  the  composition  of  the  tubes 
and  the  character  of  the  water.  There  are  cases  on 
record  where  tubes  have  lasted  for  fifteen  years  but  this 
is  exceptional.  Most  operators  around  manufacturing 
sites,  where  the  water  is  liable  to  be  contaminated  with 
sewage  and  refuse  from  industrial  plants,  are  glad  to 
get  five  or  six  years  average  life  out  of  their  tubes. 
Some  plants  do  not  average  more  than  a  year.  Here 
again  the  limits  are  so  wide  that  general  figures  would 
be  misleading.  At  the  present  price  of  tubes  and  a  five 
year  life  it  would  cost  about  18  cents  per  square  foot 
per  year  for  tubes  alone,  not  taking  into  consideration 
extra  ferrules  and  packings,  and  the  cost  of  inst.illation. 
These  latter  items  would  increase  this  fii^ure  to  at  least 
30  cents  per  square  foot  for  replacements. 

SUMMARY 

After  having  investigated  the  cost  of  boiler  feed, 
the  charge  for  excess  power  for  auxiliaries,  the  differ- 
ence in  first  cost  and  maintenance,  and  any  other  items 
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of  expense  connected  with  the  installation  or  operation 
of  the  condensers,  it  is  possible  to  compare  the  types 
on  a  capitalized  savings  basis  to  determine  which  is  the 
most  economical  to  install.  The  savings  in  operating 
expense  capitalized  at  the  proper  percentage  will  give 
the  additional  amount  that  can  be  justified  to  spend  on 
initial  expense  to  accomplish  this  saving. 

To  illustrate  the  method  of  procedure,  assume 
that  the  problem  is  to  decide  between  a  surface  and  a  jet 
condenser  for  a  10  000  kw  plant,  under  the  following 
conditions:  200  lbs.  steam  pressure,  100  degrees  super- 
heat; space  no  consideration;  boiler  feed  treating  costs 
12  cents  per  1000  gallons,  including  chemicals  and  at- 
tendance ;  abundant  cooling  water,  available  at  a  head  of 


FIG.   6 — L.'MJGE   JET  CONDENSER 

Circulating  13000  gallons  per  minute  to  serve  a  15000  kw 
turbine. 

10  ft.,  external  to  the  condenser;  surface  condenser 
maintenance  including  cleaning  and  replacing  tubes,  35 
cents  per  sq.  ft.  per  year;  maintenance  on  pumps,  the 
same  in  either  case ;  plant  operating  7000  hours  per  year 
at  an  average  condensing  load  of  100  000  pound  per 
hour;  condensers  to  be  selected  on  the  basis  of  75  de- 
gree water  and  28.25  inches  vacuum ;  condenser  pumps 
to  be  motor  driven  because  no  e.xhaust  steam  needed 
for  heating  the  feed  water. 

rirst,  in  selecting  the  sizes  of  condensers,  it  will 
take  a  jet  condenser  circulating  12000  gallons  per 
minute,  and  a  surface  condenser  of  15000  sq.  ft.  of 
surface  circulating  17  500  gallons  per  minute  to  give  the 


required  performance.  The  ratio  of  water  to  surface 
for  the  surface  condenser  has  been  taken  in  accordance 
with  common  practice  for  this  low  head  condition. 
The  jet  will  require  340  horse-power  for  drive  and  the 
surface  will  require  230  horse-power.  The  water  rate 
on  the  main  turbine  is  about  10  lbs.  per  brake  horse- 
power and,  assuming  that  the  motors  will  receive  their 
power  from  the  main  unit  at  an  overall  transmission 
efficiency  of  82  percent,  including  generator,  motor, 
transformer  and  line  losses,  the  steam  per  horse-power- 
hour  chargeable  against  the  pumps  will  be  10  -^  0.82  or 
12.2  lbs.  per  hour.  It  has  been  assumed  that  the  steam 
will  cost  35  cents  per  1000  lbs.  to  generate,  and  the 
motor  driven  pumps  are  charged  on  this  basis. 

For  this  plant  it  is  assumed  that  if  a  jet  condenser 
were  used,  that  the  water  for  boiler  feed  would  be 
taken  from  the  discharge  side  of  the  condenser  taking 

TABLE  I— COMPARISON  OF  SURFACE  AND  JET 
CONDENSERS 


iTEiMS 

Cost  of  boiler  feed  per  year 

SURF.ACE 

$       785 
6,875 
5,250 

$12,910 
$   7,050 

65,000 
2,000 

$67,000 

Jet 
$  9,800 

Totals 

$19,960 

Capitalized  against  jet  @  15%    ...... 

47,000 
30,000 

Cost  of  water  treating  plant   

Totals 

15,000 

$92,000 

advantage  of  the  higher  temperature.  When  condens- 
ing 100  000  lbs.  of  steam  per  hour  the  condenser  chosen 
will  have  a  discharge  temperature  of  91  degrees  and  the 
hotwell  temperature  of  the  surface  condenser  would  be 
about  92  degrees.  There  is  such  a  slight  difference  in 
these  temperatures  that  the  heat  lost  in  the  feed  when 
using  a  jet  as  compared  to  the  surface  may  be  disre- 
garded without  serious  error. 

The  results  of  the  comparison  are  given  in  Table  I. 
From  this  it  is  evident  that  the  surface  condenser  has 
the  advantage  over  the  jet  because,  based  on  the  saving 
effected  by  the  surface,  we  could  afford  to  pay  $92  000 
for  it  with  the  water  treating  equipment,  whereas  it 
costs  only  $67  000.  This  conclusion  could  also  have 
been  reached  by  calculating  net  savings  instead  of  capi- 
talized savings  but  the  latter  is  usually  found  preferable 
since  it  indicates  directly  whether  the  prices  asked  for 
the  equipment  are  justifiable.  The  condensers  used  in 
this  comparison  were  selected  on  the  basis  of  common 
practice. 
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The    purpose    of    this    section    is    to    present 

accepted  practical  methods  used  by  operating 

companies    throughout    the    country 


The   CO   operation    of   all    those 

in 

operating  and  maintaining  rail 

vav 

is    invited.      Address    R.    0. 

U. 

Checking  Armature  and  Axle  Bearing  Wear 


The  proper  maintenance  of  motor  bearings,  involves  care- 
ful inspection  and  gauging  to  determine  when  renewals  should 
be  made  in  order  to  keep  the  motors  in  good  operating  condi- 
tion. This  is  most  important  in  connection  with  armature 
hearings,  for  when  these  are  neglected  and  allowed  to  wear 
down  too  far,  the  armature  will  rub  on  the  poles  and  may 
cause  the  destruction  of  the  armature  winding  and  more  or  less 
damage  to  the  fields. 

BEARING  WEAR 
In  the  case  of  motors  mounted  on  cars  equipped  for  single- 
cr.d  operation  running  in  one  direction  only,  the  braring  wear 
due  to  the  torque  of  the  motor  and  the  action  of  the  gear  and 
pinion,  depends  on  the  rotation  of  the  armature,  as  is  shown 
in  Table  I,  which  applies  to  either  double  or  quadruple  equip- 
ments of  right  hand  motors.*     With  cars  running  in  both  dircc- 

TABLE  I — DIRECTION  OF  BEARING  WEAR 


Position  No. 

Inside  Hun(;Mctors 

Oulside  Hung  Motors 

Armature 
Rotation 

Bearing  Wear 

Armature 
Rotation 

Bearing  Wear      | 

Armature 

A.xle 

Armature 

Axle 

I  and  3 

LefO 

Dow?i 

Down 

Right 

I'P 

fp 

2  and  4 

Right 

I'p 

IP 

Left 

Down 

Down 

lions,  wear  on  both  the  armature  and  axle  bearings  is  more 
uniformly  divided  between  the  top  and  bottom. 
INITIAL  BEARING  ALLOWANCES 
Depending  upon  the  size  of  bearings  for  either  the  arma- 
ture or  axle,  they  are  given  an  initial  clearance  when  new  or 
re-babbitted  as  shown  in  Table  II. 

MOTOR  AIR-GAPS 
As   it  is  common   practice'  to  check   the  armature  bearing 
wear  by  measuring  the  air-gap  of  the  motor,  the  range  of  air- 
TABLE  II — INITIAL  CLEARANCES  


Size  of  Shaft  or  Journal 


I   Ma 


[     Minimum 


from  ■iVi,   up   to  3   in 

From  3   up   to  3%    in 

From   3  Vi   up  to  3  %    in    

From  3^i    up  to  4%    in 

From  4^/4    up  to   6   in 

From  6  up   to   and   including   7   in. 


0.008  1  0.006 

0.010  !  0.008 

0.012  I  0.010 

0.014  1  0.012 

0.016  I  0.014 

0.018  \  0.016 


gaps  in  railway  motors  is  given  in  Table  III,  the  single  air-gap 
being  expressed  in  common  fractions,  64ths  and  decimals  tor 
greater  convenience.  The  single  air-gap  minus  half  the  initial 
clearance" represents  the  amount  of  wear  which  may  take  place 
before  the  armature  rubs  on  the  lUUl  poles. 
ALLOWABLE  SAFE  WEAR 

It  can  be  seen  from  Tables  II  and  III  that  the  allowable 
wear   in   bearings   can   vary   considerably  on   different   motors 
TABLE  in— EAILWAY  MOTOR  AIR-GAPS 


Total  Air-Gap 

o-'.S 

i'. 

'A 

it 

A 

jl 

'^ 

r. 

hi 

^ 

Single  Air-Gap 

C.075 

ii 

•A 

A 

t!i 

Si 

A 

,\ 

a 

H 

Single  Air-Gap 

A 

A 

A 

«"■ 

K 

il 

ii 

u 

li 

1% 

Single  Air-Gap 

0.073 

0.093 

0.125 

0.140 

o.i;6 

0.171 

0.187 

0.218 

0.234 

0.250 

before  the  armatures  will  rub  on  the  poles  and  in  general  "s 
less  on  smaller  machines  than  on  the  larger  size  ones.  It  is  not 
desirable,  however,  to  allow  too  ureal  bearing  wear,  especially 
on  the  larger  motors.  It  is  considered  a  safe  working  rule  to 
replace  bearings  after  they  have  worn  approximately  iV  to  iz 
ill.    for  with  this  wear  added  to  the  initial  clearance  allowed  on 


♦Nomenclature — A  Right  Hand  Railway  Motor  is  one  that  has  the  axle 

Ixiarings  to  the  rightwhcn   facing  th'    commutator  end  of  the  motor. 

.Ml  modern  motors  and  n  largo  peri   iilngo  of  the  older  type  motora 

are  right  hand. 
Right  Hand  or  Clockwise  Rotation  occurs  when  an  armature  turns   in 

t\   ilorkwise   direction   to   nn   observer   iucing  the   commutator  end  of 

tlu'  motor. 


the  new  bearings,  there  is  considerable  pounding  of  the  arma- 
ture which  tends  to  increase  the  bearing  wear  rapidly  to  the 
danger  point. 

CHECKING    BEARING   WEAR 

The  following  methods  are  used  to  determine  when  bear- 
ings are  worn  to  the  limit  and  should  be  replaced. 

Light  Test — This  test  is  applicable  to  motor  frames  that 
have  inspection  holes  so  located  that  a  light  can  be  held  at  one 
end  of  the  motor  and  clearance  in  the  air-gap  observed  by  the 
workman.  This  method  depends  largely  upon  the  judgment 
and  experience  of  the  man  making  the  inspection  and  cannot 
entirely  be  relied  upon. 

Sxveep  Gauge  on  Under  Side—This,  method,  very  commonly 
used  by  many  operators,  requires  a  sweep  gauge  made  of  vary- 
ing thicknesses  of  card  board  or  soft  metal,  and  sometimes  a 
long  narrow  flexible  steel  strip  fitted  with  steel  pads  of  varying 
thicknesses.  These  gauges  are  inserted  in  the  air-gap  at  the 
lower  side  of  the  motor.  When  the  limiting  minimum  gauge 
cannot  be  entered,  the  bearings  show  ma,ximum  allowable  wear 
and  should  be  renewed.  In  general,  this  method  requires  that 
the  lower  commutator  cover  be  removed  in  order  to  apply  the 
gauge. 

Sweep  Gauge  on  Upper  Side — This  method  requires  a 
similar  type  of  gauge  as  used  above,  except  that  when  the 
maximum  gauge  can  be  entered  in  the  air-gap  at  the  top  side 
of  the  motor,  the  bearings  show  maximum  allowable  wear  and 
should  be  renewed.  Using  this  method,  gauges  arc  inserted  in 
the  top  commutator  opening,  the  cover  of  which  can  readily  be 
removed  for  this  inspection. 

Lifting  Armature  Manually—On  very  small  armatures  the 
bearing  wear  can  be  approximately  obtained  at  the  commutator, 
end  by  reaching  in  through  the  top  commutator  opening,  lifting 
the  armature  and  noting  the  play.  This  is  a  crude  method  and 
is  only  used  to  get  a  rough  approximation  of  the  wear.  If  play 
is  noticeable,  the  lower  commutator  cover  is  removed  and  a 
sweep  gauge  used  to  check  the  air-gap.  A  more  reliable  test, 
similar  to  the  above,  is  made  by  removing  the  lower  half  of 
the  gear  case  and  prying  up  the  armature  at  the  pinion  and 
measuring  the  lift  from  a  fixed  point  on  the  motor  frame  or 
the  gear.  This  scheme  gives  actual  pinion  end  bearing  wear 
and  is  satisfactory,  but  involves  considerable  labor  and  time. 

Lifting  Ar)naturc  by  Motor  Poivcr — The  following  method, 
used  successfully  by  a  number  of  operators,  requires  the  use  of 
a  minimum  size  sweep  gauge,  which  is  entered  into  the  air-gap 
of  the  motor  and,  with  the  brakes  set,  power  is  applied,  using 
the  first  notch  of  the  control  only.  If  the  gauge  shows  clear- 
ance under  these  conditions,  the  bearings  are  considered  O.  K. 
This  test  must  be  made  with  the  reverser  on  the  car  thrown  in 
both  forward  and  reverse  positions  in  order  to  check  all  the 
motors. 

Feeler  Gauge — When  the  motor  is  off  the  car  and  the  pinion 
is  removed,  the  pinion  end  bearing  w'ear  can  be  measured  with 
a  feeler  gauge.  This  method  is  accurate  but  not  practical,  as 
ii  requires  too  much  work  to  check  the  bearings  under  these 
conditions.  This  method  can  be  used  to  check  the  commutator 
end  bearing  of  a  motor  on  the  car  by  removing  the  commutator 
end  dust  cap.  With  experience,  the  condition  of  the  pinion  end 
bearing  can  be  estimated  from  the  wear  on  the  commutator  end. 
Special  Methods  and  Apparatus— One  operator  reports 
considerable  success  in  determining  maximum  allowable  liear- 
ing  wear  by  building  up  the  front  core  band  with  solder  and 
turning  this  down  so  that  it  extends  -h  inch  above  the  armature 
iron.  When  this  band  begins  to  show^  signs  of  rubbing  on  the 
poles  it  is  an  indication  that  the  bearings  should  be  renewed. 
Three  or  more  pads  of  solder  built  up  -ft  inch  above  the  band 
and  spaced  equally  around  the  armature  would  give  a  similar 
indication. 

A  device  has  been  patented  and  used  by  one  operator  which 
is  arranged  so  that  when  the  bearings  wear  down  to  a  pre- 
determined point,  contact  is  made  between  the  laminations  of 
the  armature  and  a  small  brass  wheel  supported  by  the  frame. 
This  wheel  is  caused  to  rotate  and  make  contact  with  a  bare 
fused  jumper  between  the  field  coils,  which  grounds  this  field 


December,   1920 


THE   ELECTRIC  JOURNAL 


589 


jiimpor,   burning  the   fuse  off  and  opening  the  motor  circuit.* 
AXLE  BEARINGS 

Excessive  wear  o£  axle  bearings  is  not  so  serious,  as  it 
only  subjects  the  frame,  axle  cap  and  axle  cap  bolts  to  increased 
shocks  and  strains,  and  tends  to  spread  the  gear  centers,  with 
resulting  less  efiicient  gear  operation,  and  rapid  wear.  For  the 
above  reasons,  it  is  considered  good  practice  to  renew  axle 
bearings  that  show  a  wear  of  from  Vs  to  fs  inch.  This  is 
especially  true  with  motors  using  4  or  4^4  diametral  pitch  gears. 

Checking  Axle  Bearing   ]\'car — This   wear  can   readily  be 

•This  spiiaratus  is  desi-ribed  in  the  Electric  Railway  Journal  for  May 
17,    1919,   p.    971. 


checked  with  a  feeler  gauge  by  the  workman  from  the  pit,  if 
the  motors  are  not  fitted  with  axle  shields.  Where  shields  are 
used  and  are  fitted  with  inspection  holes,  the  bearing  wear  can 
be  checked  through  these  openings.  If  inspection  holes  are  not 
provided  in  the  axle  shield,  it  is  necessary  to  remove  them  to 
make  the  inspection. 

Another  method  is  similar  to  that  explained  in  checking 
armature  bearing  wear,  by  setting  the  brakes  and  throwing  the 
control  to  the  first  notch  and  noting  the  play  of  the  bearing  by 
the  lift  of  the  motor  frainc.  To  check  all  motors  on  a  car  re- 
quires that  this  test  be  made  for  both  forward  and.  reverse 
positions  of  the  revcrser. 

John  S.  De.^n 


Our  subscribers  are  invited  to  use  tliis  department  as  a 
means  of  securing  authentic  information  on  eiectrical  and 
mechanical  subjects.  Questions  concerning  general  engineer- 
ing theory  or  practice  and  questions  regarding  apparatus  or 
materials  desired  for  particular  ne?ds  will  be  answered. 
Specific  data  regarding  design  or  redesign  of  individual  pieces 
of  apparatus  cannot  be  supplied  through  Ibis  department. 


prompt  attention  a  self-addressed,  stamped  en- 
velope should  accompany  each  query.  All  data  necessary  for 
a  complete  underst..nding  of  the  problem  should  be  furnished. 
A  personal  reply  is  mailed  to  each  questioner  as  soon 
as  the  necessary  information  is  available:  however,  as  each 
queston  is  answered  by  an  expert  and  checked  by -at  least  two 
others,  a  reasonable  length  of  time  should  be  allowed  before 
expecting  a  reply. 


igji — Computing  M-\chinerv  Found.\- 
TioNS — Referring  to  the  joi'RN.^l 
for  Sept.  1920,  p.  391,  under  the  head- 
ing "Anchorage,"  it  is  stated  that  if  a 
plain  round  bar  were  used,  tlie  re- 
quired depth  would  be  : — 

working   strength        10  000  . 

, ; — -. =  — ;; —   =:  i  ^b  m. 

bond  of  concrete  80 

The  writer  questions  the  above  value  of 
138  inches.  Please  refer  to  the  series 
of  articles  on  Foundation  Anchor  Bolts 
for  Engines  and  Machinery  which  were 
published  in  Practical  Engineer  on  the 
following  dates  :-Aug.  ist,  igisuA.ug. 
15th,  1915;  Sept.,  1,  1915;  Sept.  15th, 
1915;  Oct.  I,  1915;  Dec.  1st,  1915;  and 
Jan.   15th,   1916.  T.c.    (mo.) 

The  example  in  question  should  read 
working;  siiength  1 1  000 

bond  of  concrete   ~  So  X  '}i  ■^  ~  -^ 
and  the   following  example — 

//  000 

-z — -7 —  =   ^/  inches. 

100  X  lyi  T       -' 

The  above  was  an  error  in  transcription 
from  the  original  manuscript  and  the 
writer  wishes  to  thank  the  questioner  for 
raising  the  point.  .^.H  c. 

1922 — Shunt  and  Series  Field  Wind- 
ings—  (a)  What  are  the  formulas  and 
methods  of  calculating  the  change  of 
the  series  fields  to  shunt  fields  for  a 
direct-current  series  motor.  The  pow- 
er, voltage  and  speed  are  to  remain  the 
same.  What  relation  do  the  size  of 
the  wire,  number  of  turns  and  the  out- 
side dimensions  for  the  shunt  field 
coils  have  with  the  horse-power,  vol- 
tage, full-load  current,  and  full-load 
speed.  All  dimensions  of  the  series 
field  coil,  the  maximum  dimensions 
for  shut  field  coil  can  be  obtained,  in 
fact  any  data  required  from  the  motor 
can  be  had  if  necessary.  What  would 
the  speed  of  a  series  motor,  separately 
excited,  drawing  the  rated  full-load 
current  at  normal  voltage,  be  com- 
pared with  the  speed  of  same  motor 
self  excited  and  working  under  the 
saine  conditions.  Can  the  speed  of  a 
series  motor  be  calculated  when  the 
horse-power,  voltage  and  full-load 
current  are  known  without  connecting 
the  motor  up  to  a  load  ? 

AJ.V.A.    (CAL.) 

As   we   understand   this  question  it  is 
desired  to  change  a  motor  now  having 


a  series  field  to  a  shunt  wound  machine. 
In  a  given  machine  the  field  strength  is 
determined  by  the  number  of  ampere- 
turns  in  the  field  windings,  i.e.  the  pro- 
duct of  the  amperes  fiowin.g  in  the  field 
circuit  and  number  of  turns  through 
which  this  current  flows.  With  a  given 
series  machine  at  a  given  load  the  cur- 
rent is  known  and  the  number  of  turns 
per  coil  can  be  determined  by  dismant- 
ling the  coil.  To  obtain  a  shunt  machine 
of  the  same  speed  at  the  given  load  it 
will  be  necessary  to  change  the  field  coils 
so  that  they  will  contain  approximately 
the  same  number  of  pounds  of  wire  but 
will  be  of  suflicient  resistance  to  permit 
being  connected  directly  aoross  the  line. 
This  means  increasing  the  number  of 
turns  and  decreasing  the  size  of  wire,  so 
that  the  resulting  resistance  of  the  field 
coil  will  be  such  that  the  line  voltage 
will  cause  a  current  to  flow  which,  mul- 
tiplied by  the  number  of  turns  used,  will 
give  the  same  ampere-turns  as  the  origi- 
nal machine  at  the  given  load.  This  con- 
dition must  be  obtained  with  a  combina- 
tion that  will  also  give  approximately 
the  same  weight  of  wire  as  the  original 
ceils  to  prevent  overheating.  Neglecting 
the  soinewhat  larger  space  required  by 
the  insulation  on  the  smaller  size  wire 
of  the  shunt  coil,  it  should  be  approxi- 
mately the  same  size  as  the  original 
series  coil.  The  speed  of  a  series  motor, 
separately  excited,  drawing  rated  full- 
load  current  at  normal  voltage  would 
be  fairly  close  to  the  same  as  the  speed 
of  the  same  motor  self  excited  and 
working  under  the  same  conditions.  The 
only  difference  "would  be  due  to  the  sep- 
arately excited  motor  having  line  vol- 
tage across  the  armature  while  the  self 
excited  series  motor  would  have  some- 
what less  than  line  voltage  across  the 
armature  due  to  the  voltage  drop  in 
the  series  field.  Of  course,  the  sep- 
arately excited  motor  would  have  shunt 
characteristics,  provided  the  field  cur- 
rent remains  constant.  Knowing  the 
horse-power,  voltage,  and  full  load  cur- 
rent of  a  series  motor  the  speed  could 
not  be  calculated  without  knowing  prac- 
tically all  of  the  detail  dimensions  of 
the  machine  as  well  as  the  field  and 
armature  windings.  c.H.G. 

1924 — AuTO-LiTE  Third  Brush  Genera- 
tor— I  have  a  sinall  si.x  volt,  direct- 
current  generator.  Auto-lite  third  brush 
regulation,     which     was     entirely     re- 


wound. Armature  is  lap  wound  with 
a  pitch  of  6,  12  slots,  24  commutator 
segments,  turns  11,  wire  No.  18,  lead 
4,  left  top,  lap  wound,  2  pole,  field 
coils  have  330  turns  of  No.  20  wire 
per   coil. 

1  tried  the  machine  separately  excited 
and  while  there  was  a  strong  field  of 
correct   polarity,   when   armature   was 
driven,    there   was   no   current   at   the 
brushes     and     even     by     moving     the 
brushes    we    could    get     no     readings 
but    the    armature    heated   up   consid- 
erably. Can  you  give  me  any  explana- 
tion of  this.     Would  not  the  cause  of 
armature   heating  be  the   current  cir- 
culating through  it  and  if  so  why  did 
we  not  get  any  indications  at  brushes  ? 
G.T.K.  (alberta) 
Evidently    you    are    commutating    the 
coils  when  in  the  maximum  field  instead 
of     when     in     the    neutral     position     as 
shown   in  Fig.    (b).     This  would   result 
in    a   heavy   current   when   the  coil   was 


Q 


j'o  I '  I'l  i«  I's  1'. '  '  I'l '  '  i !  '  I J  !  ' ' '  '  '  ' 

lb! 

FIGS.  1924   (a)   and   (b) 

short  circuited  by  the  brush  but  would 
not  show  any  thing  in  the  outside  cir- 
cuit. 

If  the  armature  is  correctly  connected  in 
this  way  it  may  be  that  running  it  in 
the  opposite  direction  of  rotation  will 
cause  it  to  "pick  up."  If  this  proves  to 
be  the  cause,  the  leads  to  commutator 
will  have  to  be  reversed  as  shown  in 
dotted  lines  at  the  left  of  Fig.  (b).  The 
commutator  bar  should  not  be  opposite 
slot  in  which  coil  lies  as  shown  in  Fig. 

(a).  A.M.D. 

it:25 — Arrangement  ok  Two-Phask 
Wires  in  Iron  Conduit — On  a  two- 
phase,  four-wire  system,  nuist  the  four 
wires  be  placed  in  one  conduit  or  can 
each  phase  A  and  C  be  placed  in  one 
conduit  and  the  other  B  and  D  be 
placed  in  another  conduit.  I  have  two 
3.5  inch  conduits  running  through  a 
brick  wall  from  the  transformer  vault 
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to  llic  main  switchboard  and  want  to 
put  four  SCO  ooo  circ.  mil  wires  in  each 
pipe    and    by    splitting    the    [)hascs    in 
the    two    pipes    I    can    make   a   better 
looking  job  but  I  do  not  know  whether 
this  will  cause  induction  and  excessive 
heating.     A  and  C  are  one  phase.     B 
and  D  are  another  phase  and  I  wish  to 
place  A  and  C  in  one  pipe  and  B  and 
D  in   the  other  pipe  and  connect  the 
four    wires    to    one    switch.    Then    I 
wish  to  arrange  the  other  four  wires 
the  same  way  and  connect  them  to  an- 
other switch.  O.F.A.    (OHIO) 
If  there  is  no  physical  connection  be- 
tween the  two  phases  it  will  be  entirely 
satisfactory  to  place  the  cables  from  one 
phase  in  one  conduit  and  those  from  the 
other  phase  in  the  other  conduit. 

It  would  not  be  satisfactory  to  place 
the  outgoing  leads  from  both  phases  in 
one  conduit  and  the  return  leads  from 
both  phases  in  the  other  conduit..  The 
whole  idea  is  to  have  the  sum  of  the 
currents  in  any  conduit  zero  at  any  in- 
stant, which  is  met  by  the  conditions 
outlined  above.  These  same  conditions 
require  that  in  a  three-phase  circuit  all 
of  the  conductors  should  be  enclosed  in 
the  same  conduit,  as  this  is  the  only 
way  that  the  algebraic  sum  of  the  cur- 
rents is  zero  at  all  times.  c.r.r. 

1926 — Chancing  Tran.skormer  Fre- 
QUENcy— What  cfifect  will  using  a  23 
cycle  power  transformer  on  a  60  cycle 
circuit  have  on  the  capacity  of  trans- 
former? What  will  be  the  changes  in 
their  losses,  also  any  other  effect  that 
may  be  e.xpected  in  making  this 
change.  The  transformers  in  ques- 
tion arc  three  750  kv-a  and  three 
.■?.!5  kv-a,  single-phase  33000  to  440 
volts,    delta    connected.        j.s,     (mo.) 

Changing  the  frequency  of  a  circuit 
effects  the  iron  loss  of  the  transformer 
considerably,  but  has  little  or  no  effect 
on  the  copper  loss.  The  effect  of  a 
change  in  frequency  on  iron  loss  is  dis- 
cussed in  detail  in  articles  by  Mr.  E.  G. 
Keed  published  in  the  Journal  for  1917, 
P;  3.S7,  ;ind  November  1917,  p.  475. 
This  relationship  is  somewhat  compli- 
cated but  in  general  it  may  be  stated 
that  the  iron  loss  at  60  cycles  will  be  in 
the  neighborhood  of  one-half  the  loss  at 
25  cycles.  This  decreased  loss  will  per- 
tnit  increased  load  on  the  transformer 
without  exceeding  the  same  maximum 
temperature.  The  extent  of  the  in- 
creased load  will  depend  upon  the  ratio 
of  iron  loss  to  copper  loss  in  your 
particular  transformers,  and  can  best 
he  determined  by  e.XBcriment.  In 
general  the  iron  loss  is  much  smaller 
than  the  copper  loss  at  full  load. 

C.R.R. 

1927— Arrangement  of  Cadi.e.s  in  Con- 
duit—Fig.  (a)  shows  a  digram  of 
coniu-ctions  (alternating-current  side, 
only)  of  a  240  hp.  synchronous  motor! 
If  this  method  of  wiring  is  used,  is 
it  going  to  cause  noise,  heating  of 
conduits  and  conductors?  \  rotary 
converter  is  to  be  wired  in  the  same 
way.  Two  2.5  inch  conduits  are  run 
from  each  transformer,  (each  conduit 
containing  three  4/0  conductors,)  to 
the  switch  board.  From  the  sw^itch 
board  to  the  converter  there  will  be 
three  2.5  inch  conduits,  each  contain- 
ing 4/0  conductors.  Is  this  going  to 
cause  trouble?  How  is  the  alternat- 
ing-current voltage  of  187.S  (input) 
determined  in  a  6  phase  rotary  con- 


verter of  250  volts  direct  current, 
which  is  fed  from  three  delta  con- 
nected, single-phase  transformers? 

BR.  (oHio) 
The  arrangement  of  cables  and  con- 
nections shown  in  Fif,'.  a  will  be 
satisfactory,  and  no  trouble  should  be 
experienced  from  noise,  heating  of  con- 
duits or  conductors  or  losses  above  the 
normal  I"R  losses  of  the  cable,  provid- 
ing all  conductors  are  approximately  of 
the  same  length,  so  that  the  resistances 
are  nearly  equal.  In  connecting  the 
converter,  the  same  method  should  be 
followed,    i.e.,    a    balanced,    three-phase 
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FiG.  1927   (a) 

grouping  for  each  conduit.  From  the 
data  given  we  do  not  see  how  the  con- 
verter is  to  be  connected  from  the 
switchboard,  as  there  are  three  conduits 
of  three  4/0  cables  each,  making  a  total 
of  nine  cables.  Since  the  converter  is 
six-phase,  there  will  be  six  leads  from 
the  converter  to  the  switchboard.  The 
rating  of  187.5  volts  alternating-current 
represents  the  open  circuit  voltage  of 
the  transformers.  The  difference  be- 
tween this  and  the  theoretical  voltage, 
(0.707  times  direct-current  volts)-,  is  to 
compensate  for  the  regulation  in  the 
transformers,  leads  and  converter  so 
that  the  rated  direct-current  voltage  is 
obtainable  at  full  load  on  the  converter. 
w.E.n. 

1928 — Watthol'r  Mf-ters  for  Forward 
AND  Reversed  Power — Some  times  the 
town  in  which  our  factory  is  located 
requires  extra  power  which  is  supplied 
from  our  factory  plant,  and  at  other 
times  the  factory  obtains  power  from 
the  town  plant  through  the  same 
lines.  Is  there  any  meter  that  will 
operate  in  both  directions  so  that  it 
would  register  in  one  direction  when 
they  are  getting  power  from  us  and 
in  the  other  direction  when  we  are 
getting  power  from  them,  one  regis- 
tration being  automatically  deducted 
from  the  other  so  that  at  the  end  of 
the  month  we  would  have  plus  or 
minus  registration  indicating  the 
amount  of  power  for  which  we  owe 
them  or  they  owe  us?      j.a.a.   (n.b) 

Any  watthour  meter  will  register 
backwards  when  the  power  is  passing 
through  it  in  the  reversed  direction  and 
will  run  the  dial  train  backward  at 
practically  the  same  rate  as  if  the  power 
were  being  registered  in  the  normal 
direction.  The  only  difference  is  that 
produced  by  the  light-load  adjustment. 
For  the  same  load  the  meter  will 
register  less  when  numing  backward 
than  when  rumiing  forward  by  twice 
the  amount  of  this  light-load  adjust- 
ment. This  light-load  adjustment  is 
so  small,  however,  as  to  be  practically 
negliblc  for  anything  like  full-load  in 
either  direction.  Any  commercial  watt- 
hour  meter  will  be  satisfactory  for 
the  purpose  you  indicate.  We  would 
recommend,  however,  that  a  polyphase 
meter  be  used  for  polyphase  load,  as  the 


registration  of  two  single-phase  meters 
is  apt  to  be  quite  confusing  if  the 
power- factor  should  be  below-  50  per- 
cent. If  you  are  not  willing  to  neglect 
the  amount  of  this  light-load  adjust- 
ment or  if  you  desire  to  register  the 
total  amount  of  power  that  is  passing 
in  each  direction,  it  is  customary  to  put 
in  two  meters,  so  connected  to  register 
the  power  in  each  direction,  and  then 
mount  a  small  ratchet  on  each  meter 
shaft  which  will  prevent  it  from  rotat- 
ing backwards.  This  ratchet  must  be 
so  designed  that  the  friction  introduced 
will  be  practically  negligible  or  else 
additional  compensation  must  be  intro- 
duced into  the  meter  element  to  over- 
come the  increased  friction.  Such 
meters  will  register  the  total  amount 
of  power  that  passes  in  each  direction 
and  the  difference  between  the  regis- 
trations will,  of  course,  indicate  the 
amount  which  is  due  one  company  from 
the  other.  c.r.r. 

1929 — Ring  Fire — We  have  a  compound 
wound,  direct-current  generator  with 
commutating  poles,  capacity  300  kw, 
245  volts,  750  r.p.m.,  driven  by  a  syn- 
chronous motor.  As  the  voltage  is 
built  up,  at  about  100  volts  a  faint  ring 
of  fire  completely  circles  the  commu- 
tator and  always  under  the  last  brush 
at  the  bearing  end  of  the  commutator. 
This  ring  grows  in  intensity  until 
about  150  volts  are  indicated  when  it 
begins  to  diminish  and  gradually  dies 
out  altogether  at  200  volts.  After  that 
commutation  is  perfect.  On  shutting 
down  the  machine  the  same  result  oc- 
curs. Very  often  this  ring  snaps  with 
quite  a  loud  noise.  Can  you  suggest 
a  remedy  for  this  trouble? 

c.p.  (ont.) 
This  is  a  problem  of  "ring-fire"'  in- 
stead of  commutation,  and  has  little  or 
nothing  to  do  with  the  commutating 
characteristics  of  the  machine.  This 
ring-fire  is  usually  due  to  carbon  or 
graphite  from  the  brushes,  with  possibly 
a  trace  of  oil,  which  adheres  to  the  mica 
bttw-een  commutator  bars.  It  is  the  in- 
candescence of  this  material  which  gives 
the  ring-fire.  This  incandescence  is  a 
function  of  the  voltage  between  bars  and 
the  duration  of  such  voltage,  for  it  takes 
a  perceptible  time  to  attain  the  incandes- 
cent stage.  The  voltage  between  bars  is 
practically  zero  in  the  neighborhood  of 
the  brushes,  rises  to  a  maximum  about 
midway  bctw-een  brushes  under  no-load 
conditions,  and  then  falls  to  zero  under 
the  next  adjacent  brush.  The  degree  of 
incandescence  will,  therefore,  depend 
both  upon  voltage  between  bars  and  the 
time  in  passing  from  one  brush  to  the 
next.  If  the  above  trouble  occurs  when 
the  machine  is  being  brought  up  to 
speed,  then  the  tendency  toward  ring- 
fire  rises  as  the  voltage  increases,  but 
decreases  as  the  speed  increases  because 
of  the  shorter  period  of  voltage  between 
bars  and  better  radiation  of  heat  due 
to  increased  windage.  Apparently,  there- 
fore, in  this  particular  case,  the  ten- 
dency to  decrease  the  ring-fire  with  in- 
crease in  speed  about  balances  the  effect 
of  increase  in  voltage,  at  about  150  volts. 
Reyond  this,  the  effect  of  the  higher 
speed  counteracts  that  of  the  increased 
voltage.  .'\t  less  than  100  volts,  incan- 
descence apparently  does  not  show,  due 
to  the  too  low  voltage.  As  a  rule,  this 
ring-fire  is  not  at  all  harmful,  especially 
in  a  case  like  the  above.  However,  if 
there  is  considerable  oil  on  the  com- 
mutator and  this  oil  penetrates  the  mica 
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between  bars,  tbcii  ring-fire  eventually 
may  "pit",  or  cat  away,  the  mica  in  spots. 
For  this  reason  the  free  use  of  Kibri- 
cating  oil  on  commutators  is  not  recom- 
mended in  modern  practice.  If  a  lub- 
ricant is  needed  on  the  commutator, 
some  type  of  self-lubricating  brushes 
should  be  used.  If  such. brushes  have 
considerable  graphite  as  a  lubricant,  such 
graphite,  rubbing  off  on  the  mica,  may 
produce  ring-fire,  but  this  is  only  a  sur- 
face effect  and  is  not  as  liable  to  produce 
pitting  as  when  oil  is  present.  b.g.l. 

1930 — Pole  Pitch— What  normally 
determines  the  pole  pitch  of  an  induc- 
tion motor?  G.j.w.  (cAL.) 
The  pole  pitch  is  the  distance 
between  centers  of  adjacent  north  and 
south  roles.  It  is  very  often  expressed 
in  inches  measured  on  the  bore  peri- 
phery. However,  in  its  relation  to  the 
windings,  the  pitch  is  generally  ex- 
pressed in  number  of  slots.  Assiiming 
a  machine  which  has  72  equidistant 
slots  and  eight  poles,  the  pole  pitch 
would  be  72  divided  by  8  or  9  slots. 
When  the  coil  spans  exactly  the  dis- 
tance between  the  centers  of  adjacent 
poles,  as  it  does  when  placed  in  slots 
I  or  10,  it  is  said  to  be  a  full  pitch 
coil  or  winding.  Such  a  coil  would  span 
180  electrical  degrees.  In  a  chorded 
winding  the  coils  have  a  fractional 
pitch  and  their  span  is  less  than  the 
distance  between  centers  of  adjacent 
poles.  Suppose  the  coil  is  placed  in 
slots  I  and  8  instead  of  i  and  10 
it  would  then  span  140  electrical 
degrees  as  each  slot  represents  20 
degrees.  Chorded  windings  having 
fractional  pitch  are  described  in  an 
article  on  Reconnecting  Induction 
Motors  by  A.  M.  Dudley  in  the 
Journal  for  Feb.   1916.  m.m.b. 

1931 — Chahging  Current  of  Trans- 
formers— Sometimes  when  large 
transformers  are  connected  to  a 
source  of  power,  they  draw  consider- 
able current  momentarily,  and  give 
an  audible  grunt.  This  condition  is 
usually  explained  by  saying  that  the 
oil  switch  closed  on  the  crest  of  the 
e.m.f.  wave.  Since  it  appears  that 
the  sum,  at  any  instant,  of  three  volt- 
ages displaced  120  degrees  is  zero, 
will  you  give  an  explanation  of  this 
rush  of  charging  current? 

R.B.G.   (mont.) 
The     rush     of     current     causing     an 
audible    sound    when    connecting    trans- 
formers to  a  live  bus  is  due  to  the  core 


indicated  at  A  in  Fig.  (a).  Now,  if 
the  switch  is  closed  at  pomt  I  in  Fig.  a, 
tlie  tlu.x  instead  of  having  a  maximum 
value  above  the  line  will  be  zero. 
For  the  next  half  cycle  of  voltage, 
the  flux,  instead  of  changing  .  froni 
maximum  on  one  side  of  the  line  to  a 
maximum  on  the  other  side,  must  make 
the  same  variation  but  start  from  zero 
as  indicated  at  B.  During  the  next 
few  cycles,  the  flux  wave  works  its 
way  back  to  a  symmetrical  position. 
During  the  flux  transient,  a  large 
magnetizing  current  will  flow  and  it  is 
the  effect  of  this  current  that  is  audible. 

J.F.R 

1932 — Multiplier       for        Integrating 
Watthour     Meter — I    have   a   three- 
phase     watthour    meter     having     five 
ampere    current    coils    and     no    volt 
potential    coils.     This    meter    is    cali- 
brated   for  use   on   a  550  volt   circuit 
i.e.,  potential    coils    will   be    connected 
through   a   5:1    potential   transformer. 
I    want    to    connect    this    meter    to    a 
2200  volt  circuit  through  current  and 
potential    transformers    by   connecting 
the    potential     coils    through    a    20:1 
potential  transformer  as  this  meter  is 
calibrated    for    550   volts.     What    will 
the   multiplier   be   when   connected   to 
the  2200  volt  circuit?       For  example 
say   the   above   meter   had  a  potential 
winding  of  550  volts  and  we  had  no 
550     to     2200     volt     potential     trans- 
formers  and  connected   up   the  meter 
through    a    transformer    arrangement 
as  shown   in  Fig.    (a)    would  this   be 
considered     good     practice?         What 
would  the  multiplier  be  in  this  case? 
R.H.N. L.    (can.) 
A     5     ampere,      100     volt     polyphase 
watthour    meter    designed    to    be    used 
with  500-100  volt  potential  transformers 
would  be  equipped  with  a  5  kw  counter, 
provided  the   current  transformer   ratio 
is  5:5.     If  the  meter  is  to  be  used  with 
2000  to   100  volt  potential  transformers, 
the    meter    should    be    equipped    with    a 
20  kw   counter.     The   multiplier   would, 
therefore,  be  20  -^  5  or  4  if  the  S  kw 
counter  were  not   replaced  by  a  20  kw 
counter.     The  multiplier  for  the  connec- 
tions shown  in  Fig.  (a)  would  be  4.  The 
connections  shown  in  Fig.   (a)  could  be 
used    if    only    a    500    volt    meter    were 
available.       It  would  not  be  considered 
good  practice  to  use  such  a  connection 
because   of   the   necessity   of   using   the 
extra    potential    transformer,    and    also 
because,  in  addition  to  the  extra  losses 
in  the  second  transformer,  both  voltage 
and   ratio   losses,   the   regulation   of  the 
second    transformer,    operated    inverted. 
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FIG.  1931    (a) 

of  the  transformers  having  high  flux 
densities  when  the  circuit  is  closed  at 
certain  points  of  the  voltage  wave. 
During  normal  operation,  the  voltage 
and    flux    wave   of   any   one   phase   are 


FIG.   1932   (a) 

would  be  otY  by  twice  the  compensation 
of   the   transformer.  ,\.r.r. 

1933 — Use  OF  Emery  Cloth  on  Com- 
mutators— Is  there  any  valid  object- 
ion to  the  use  of  emery  cloth  for 
smoothing    commutators    in    place    of 


sand  paper  which  is  usually  recom- 
mended? R.R.C.  (pa.) 
In  the  early  days,  sand  paper  was 
found  better  than  emery  for  smoothing 
commutators,  due  to  the  fact  that  the 
fine  emery  lodged  in  the  commutator 
copper  and  in  the  brush  faces  which 
seemed  to  have  a  harmful  effect. 
This,  to  a  certain  extent  was  due  to  the 
use  of  oil,  grease  and  lubricating  com- 
pounds, which  w'cre  quite  common  in 
those  days,  the  self-lubricating  type  of 
brush  being  quite  rare.  The  sand 
paper,  being  coarser  than  the  emery, 
did  not  tend  to  form  a  coating  over 
the  brush  surface.  However,  when  it 
comes  to  a  perfectly  dry  commutator, 
and  brushes  with  natural  graphite  lubri- 
cant not  much  difference  will  be  found 
between  emery  and  sand  paper.  The 
higher  commutator  speeds  of  the 
present  time  also  tend  to  throw  off 
dirt  and  dust.  However,  as  all  experi- 
ence has  pointed  toward  the  sand 
paper  being  somewhat  better  than  the 
emery,  we  would  suggest  that  thi3 
practice  be  adhered  to,  although  in 
emergency,  as  for  instance,  when 
emery  is  available  and  sand  paper  is 
not,  it  would  probably  be  safe  to  use 
the  emery  cloth.  There  may  have  been 
some  difference,  in  the  olden  times, 
between  emery  and  sand  paper,  in  the 
lodgement  of  particles  in  the  mica 
between  bars.  Of  course,  at  the 
present  time,  with  so  many  high  speed 
commutators  undercut,  this  possible 
difference  is  of  less  importance.  Emery 
is  used  on  small  high-speed  machines 
such  as  head  light  turbo  generators, 
with  better  success  than  is  obtained 
with  sand  paper.  Conditions  are  hard 
things  to  get  away  from,  especially 
when  they  are  convenient  and  adapt- 
able to  the  proposition  in  hand. 
Sand  paper  is  certainly  more  easily 
available  than  emery  cloth  and  cheaper 
to  use  where  only  a  smoothing  opera- 
tion is  required.  Sand  paper  is 
essential  for  slow-speed  machines,  but 
in  high-speed  machines  there  is  a 
chance  to  throw  off  the  carborundum 
particles  and  no  trouble  would  be 
encountered  with  the  emery. 

B.G.L.   &  E.i.c. 

I934_SwlTCHB0ARD   MeTER   CONNECTIONS 

Please    give    your    advice    on     the 

following  problem:— As  shown  in 
Fig.  a,  the  current  transformers  for 
metering  the  power  to  the  2300  volt 
motor  are  in  the  2300  volt  line,  while 
the  potential  is  taken  from  the  440 
volt  side  of  a  three-phase  star-con- 
nected power  thansformer.  There 
does  not  seem  to  be  any  arrangement 
of  the  potential  connections  that  will 
cause  the  meter  to  read  accurately. 
Is  this  due  to  the  fact  that  the 
current  transformers  are  in  delta, 
and  the  power  transformers  in  star? 
Will  you  please  give  the  correct 
vector  diagrams  showing  the  relation 
between  the  currents  and  potentials  in 
the  meter  coils  with  this  connection 
and  state  if  accurate  metering  con- 
nections are  possible  with  this 
arrangement,  or  must  potential  trans- 
formers be  installed  to  get  correct 
results?  SHE.   (n.v.) 

The  connections  shown  in  Fig.  a  arc 
incorrect,  due  not  to  the  different 
methods  of  connecting  the  trans- 
formers but  to  incorrect  connections  to 
the  meter  itself.  The  vector  diagram. 
Fig.    b,    corresponding    to    the    connect- 
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ions  ill  iMg.  a,  will  explain  this.  From 
this  the  current  and  voltage  in  each 
element  of  the  wattmeter  are  90 
degrees  out  of  phase  with  each  other 
at  100  percent  power-factor.  There- 
fore, the  connections  as  shown  in  Fig. 
(a)  are  correct  (for  balanced  loads 
only)  for  measuring  the  wattless  com- 
ponent in  the  circuit,  and  not  the 
power  component.  The  proper  dia- 
gram of  connections  for  the  wattmeter 
is      as      shown      in      Fig.      (c).  As 

previously  stated,  however,  it  is  not 
advisable  to  connect  a  wattmeter  as 
shown  in  Fig.  a,  where  the  current  and 
potential  coils  of  the  meter  are  con- 
nected to  different  sides  of  a  power 
transformer.  The  result  of  such  a 
connection  is  to  introduce  errors  into 
the  meter  indications  other  than  those 
inherent  in  the  meter  itself.  Thus, 
when  so  connected,  the  power  trans- 
former, when  loaded,  introduces  both 
a  ratio  and  a  power-factor  error,  which 
cannot   be   compensated    for   and    which 

2300  Volts        -C.T. 


FIGS.   1934   (a),   (b),   (c)   and   (d) 


arc  proportional  to  the  load  on 
the  transformer.  In  the  case  of  an 
instrument  transformer,  however,  tlie 
transformer  itself  is  compensated  for 
all  load  placed  on  it,  and  lu-nci- 
registers  correctly  within  narrow 
limits  of  error.  As  the  only  object 
of  such  a  procedure  as  the  above  is  to 
avoid  the  use  of  potential  transformers, 
we  would  suggest  that  the  application 
of  instrument  potential  transformers 
would  give  sufficiently  increased 
accuracy,  to  the  indications  of  the 
meter,  to  warrant  their  application. 

H.P.S. 

1935 — Three  .\nd  Four-Wire  Distri- 
bution Circuits  for  Scott-Con- 
nected Transformers — We  have  a 
bank  of  Scott-connected  trans- 
formers rated  at  750  kv-a,  22000  volt, 
three-phase  to  480  volts,  two-phase. 
The  load  consists  of  welding  machines 
and  is  unbalanced  between  the  two 
phases.  Is  there  any  advantage 
gained  in  using  four-wire  distri- 
bution over  three-wire  distribution, 
the    common     wire    being    increased 


1. 41  percent  in  cross-sectional  area  ? 
H.D.H.    (oHio) 

Three-wire  distribution  has  the 
disadvantage  that  a  load  on  one  phase 
affects  the  voltage  on  the  other  phase. 
However,  when  both  phases  are  used 
to  supply  welding  machines,  small  vari- 
ations in  voltage  are  not  seriously 
objectionable.  To  get  the  same  per- 
formance with  four-wire  distribution 
will  require  more  copper,  since  the  141 
percent  wire  would  have  to  be  replaced 
by  two  100  percent  wires.  j.i.i'. 

1936 — Air  Circuit  Bre.\kers— Recently 
we  purchased  several  two  and  three 
thousand  ampere,  direct-current  air 
circuit  breakers  from  the  General 
Electric  Co.,  and  upon  close  inspection 
I  find  that  the  iron  frame  of  the 
breaker,  as  well  as  the  bridge  contact, 
carries  current.  A  doubt  exists  in  my 
mind  as  to  the  accurate  operation  of 
circuit  breakers  of  this  type  as  com- 
pared with  those  of  the  insulated 
bridge  type.  Is  it  proper  to  assume 
that  only  a  partial  saturation  of  the 
iron  frame  is  possible  under  these 
conditions?  However,  I  know  of 
instances  where  excellent  results  are 
obtained  from  the  above  mentioned 
type  of  circuit  breakers.  Assuming 
that  due  to  some  mechanical  defect 
the  bridge  contact  (of  one  of  these 
uon-insulated  bridge  type)  broke 
down,  would  not  the  magnetizing 
effect  on  the  armature  be  partially 
decreased?  d.f.z.   (kans.) 

The  iron  magnetic  circuit  which  sur- 
rounds the  lower  stud  head  of  the  2000 
and  3000  ampere  direct-current  air  cir- 
cuit breakers  of  the  General  Electric 
Company  is  insulated  from  the  stud 
head.  Consequently  all  of  the  currerit 
which  passes  through  the  circuit 
breaker  passes  through  the  contact  be- 
tween the  laminated  copper  brush  or 
bridge  and  the  lower  stud.  A  small 
portion  of  the  total  current  passes 
through  the  iron  frame  but  this  does 
not  affect  the  total  amount  of  current 
which  links  the  overload  magnetic  cir- 
cuit. In  other  words  the  total  current 
through  the  circuit  breaker  links  the 
magnetic  circuit,  and  so  the  magnetizing 
effect  on  the  overload  armature  is  not 
afTected  by  good  or  bad  brush  contacts. 

G.G.G. 

,Q37_C0NNECTI0NS      FOR      WELDING— We 

have  a  two-phase,  440  volt  power 
circuit  from  which  we  wish  to  take 
ofT  a  single-phase,  six  volt  circuit  for 
a  welding  machine.  Can  we  use  a 
two-phase  primary,  single-phase  sec- 
ondary transformer  for  this  circuit 
so  as  not  to  imbalance  the  two-phase 
circuit?  If  this  is  a  practical  trans- 
former would  the  frequency  of  the 
secondary  circuit  be  changed?  The 
welding  machine  is  of  the  butt  weld 
tvpe  and  requires  about  50  kv-a  at 
six  volts.  RH.A.    (OHIO) 

It  is  possible  to  use  one  two-phase 
transformer  or  two  single-phase  trans- 
former-;, as  indicated,  but  the  two-phase 
circuit  will  be  unbalanced  about  the 
same  amount  as  if  the  total  load  was 
taken  off  one  phase  only.  If  so  kv-a, 
one-phase  load  is  required  to  be  taken 
off  between  the  phases,  the  transformer 
capacity  must  be  increased  41  percent 
and  approximately  71  percent  of  thr 
load  will  be  taken  from  one-phase  at 
a  lagging  power-factor  of  71  percent 
(assuming  100  percent  power-factor 
load)  and  another  71  percent  of  the  load 
will  be  taken   from  the  other  phase  at 


a  leading  power-factor  of  71  percent. 
The  percent  regulation  of  one  phase  will 
therefore  be  increased  and  of  the  other 
decreased.  Assuming  a  single-phase 
load  of  71  percent  power- factor,  71 
percent  of  the  load  will  be  taken  from 
one  phase  at  unity  power- factor  and 
another  71  percent  of  the  load  will  be 
taken  from  the  other  phase  at  zero 
power-factor.  The  frequency  of  the 
secondary  circuit  will  not  be  changed. 
If  the  single-phase  load  is  only  a  small 
percentage  of  the  total  load,  we  should 
recommend  taking  the  load  from  one 
phase  only.  See  No.  958,  September 
1013;  loio,  January  1914;  1080,  August 
1914.  The  only  practicable  scheme  for 
Ivalancing  a  single-phase  load  on  a  poly- 
phase system  or  vice  versa  is  to  use  i 
rotating  machine  such  as  an  induction 
motor  running  idle  as  a  phase  converter. 
See  No.  504.  November  1910,  or  article 
on  Single-phase  Loads  from  Polyphase 
Systems,  by  B.  G.  Lamme  in  the 
Journal  for  June  1915,  p.  261.  h.f. 

1938— Unequal  Grouping  —  Fig.  (a) 
shows  the  arrangement  of  a  winding 
lor  a  50  hp,  three-phase,  60  cycle,  220 
volt,  870  r.p.m.  induction  motor.  Each 
coil  consists  of  10  turns  of  3  No.  10 
d.  c.  c.  wires  in  parallel.  The  rotor 
is  of  the  squirrel-cage  type  and  has  55 
bars.     Is   the   arrangement   as   shown 


(b) 

FIGS.  1938  (a)  and  (b) 

as  good  as  can  be  had  on  such  a 
winding?  About  how  much  will  the 
currents  in  the  various  phases  differ 
in  value?  w.c.S.   (QUEBEC) 

Sixty-four  slots  will  not  give  a  sym- 
metrical 8  pole,  three-phase  winding  as 
there  will  be  8  slots  per  pole.  8  divided 
by  3  =  2%  slots  per  phase.  However, 
it  is  possible  to  get  a  balanced  unsym- 
metrical    winding    on    the    machine    by 
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leaving  one  coil  dead,  (not  connected, 
both  stubs  taped  up).  To  do  this  put 
half  the  number  of  series  turns  in  the 
slots  that  you  have  specified.  Then 
connect  the  coils  in  pole,  phase  groups 
and  connect  these  groups,  in  series  star. 
The  winding  will  consist  of  5  turns,  each 
of  6  No.  ID  wire,  or  the  equivalent,  with 
a  throw  of  1-7  connected  according  to 
Fig.  (b).  This  will  give  a  balanced 
winding  and  there  should  be  no  un- 
balanced currents.  t.p.k. 

1939 — Hot  Wire  Ammeter  and  Weston 
Meter  as  Slip  Indicators — What  are 
the  objections  to  using  a  hot  wire 
ammeter,  connected  in  series  with  the 
rotor  to  measure  the  slip  of  an  in- 
duction motor,  the  swing  of  the  needle 
showing  the  difference  in  frequency 
between  the  rotor  and  stator.  In  this 
case  the  meter  measures  the  rotor 
current  and  the  needle  indicates  the 
beats  of  the  slip,  which  to  my  opinion 
is  a  simpler  method  than  the  vibrating 
reed  slip  indicator  described  in  the 
Journal  for  April,  1920.  Recently  I 
tried  to  measure  the  slip  of  a  motor 
with  a  ID  ampere  Weston  ammeter 
connected  across  the  secondary  of  a 
current  transformer,  placed  in  the 
rotor  circuit,  but  found  that  the  needle 
of  the  ammeter  did  not  indicate  the 
beats  of  the  slip.  Explain  the  merits 
and  faults  of  using  the  hot  wire 
meter  as  a  slip  counter  and  why  the 
Weston  meter  did  not  indicate  the 
slip.  In  the  first  case  the  stator  was 
two-phase  and  with  the  Weston  meter 
the  stator  was  three-phase. 

j.e.m.  (mich.) 
The  earlier  stroboscopic  methods  for 
determinating  the  slip  of  induction 
motors  were  limited  to  the  rate  at 
which  the  tester  could  count  the  apparent 
oscillations.  Not  only  does  this  same 
objection  hold  true  with  the  use  of  the 
hot  wire  ammeter,  but  as  the  percentage 
of  slip  increases  the  amount  of  deflec- 
tion of  the  hot  wire  ammeter  needle 
decreases  and  tends  to  make  the  task  of 
counting  the  beats  of  the  slip  all  the 
more  difficult.  A  more  serious  objection 
to  the  use  of  the  hot-wire  ammeter  for 
measuring  the  slip  of  an  induction 
motor,  even  though  one  could  count  the 
beats  of  the  needle  accurately,  is  the 
error  in  percent  slip  which  is  introduced 
by  assuming  that  the  frequency  of  the 
power  circuit  remains  constant  at  a 
certain  value.  With  this  scheme  it  is 
necessary  that  the  actual  frequency  of 
the  current  supply  be  known  and  that  it 
remain  constant  throughout  the  period 
of  testing.  Slight  changes  in  the  fre- 
quency of  the  power  circuit  would 
change  the  synchronous  speed  and  the 
percent  slip  obtained  in  this  manner 
would  then  mean  nothing  at  all.  With 
the  vibrating  reed  slip  indicator  the 
vibrations  of  the  synchronous  reed  used 
for  comparison  with  the  speed  of  motor, 
are  produced  by  an  electromagnet  which 
is  connected  to  the  same  power  circuit 
as  the  motor.  It  is  obvious  then,  since 
the  frequency  of  the  vibrating  reed  is 
always  the  same  as  the  frequency  of  the 
motor  supply  current,  that  the  accuracy 
of  the  percent  slip  determined  will  not 
be  effected  by  any  changes  in  frequency 
of  the  power  supply  which  may  occur 
during  the  test.  The  Weston  meter 
would  not  show  any  deflection  because 
it  was  being  used  in  conjunction  with  a 
current  transformer  on  such  a  low  fre- 
quency as  the  slip  of  an  induction  motor 
gives.     In  such  a  case  we  would  advise 


the  use  of  a  direct-current  millivolt- 
meter  with  a  sufficiently  large  shunt  to 
carry  the  rotor  current. 

E.l.c.  &  M.B. 

1940 — Electrostatic  Ground  Detector — • 
Fig.  (a)  shows  three  200  watt,  6000 
to  100  volt  potential  transformers  con- 
nected star-star  to  indicate  grounds 
on  a  6600  volt  station  bus.  Would  not 
a  three-phase  electrostatic  ground 
detector  be  just  as  satisfactory  as  the 
transformers  for  this  service,  and 
cheaper,  both  in  first  cost  and  con- 
sumption of  energy? 

R.D.G,  (mont.) 
The  most  general  types  of  ground 
detectors  in  use  at  the  present  date  are 
the  electrostatic  glow  meter,  the  electro- 
satic  ground  detector  and  various 
methods  using  transformer  schemes. 
The  electrostatic  glow  meter  is  the 
simplest  and  has  the  smallest  space 
factor,  the  transformer  schemes  having 
the  greatest  disadNfantage  in  this  respect. 
The  dependability  for  continuous  service 
of  the  electrostatic  glow  meter  is  much 
greater  than  either  of  the  other  two 
methods.  The  electrostatic  glow  meter 
has  no  moving  parts  and  is  so  con- 
structed that  it  has  no  parts  that  arc 
subjected  to  wear,  thus  giving  it  practic- 
ally an  indefinite  life  with  proper  care. 


I  Lamps 


FIG.    1940    (a) 

The  electrostatic  ground  detector  has 
only  two  moving  axes  making  it  a  very 
dependable  method.  The  transformer 
scheme  shown  has  no  moveable  parts, 
but  it  is  liable  to  be  put  out  of  com- 
mission by  having  a  lamp  burn  out  or 
a  fuse  blow  out.  The  relative  prices  for 
these  three  schemes  are  as  follows: — 
The  electrostatic  glow  meter  1.4,  the 
electrostatic  ground  detector  1.3,  and  the 
transformer  scheme  as  show'U  2.0.  This 
does  not  include  mounting  and  wiring. 
The  power  consumption  of  either  the 
electrostatic  glow  meter  or  the  electro- 
static ground  detector  is  practically  zero, 
while  the  power  consumption  of  the 
transformer  scheme  is  a  material 
amount,  thus  causing  a  continuous  ex- 
pense. J.V.H. 

1941— Dynamic  Braking  on  a  Single- 
Phase  Motor— Can  you  explain  how 
the  dynamic  braking  affect  is  obtained 
on  a  single-phase,  brush  shifting,  vari- 
able speed  motor.  On  the  off  position 
of  the  controller  there  is  a  closed 
circuit  including  armature,  compensat- 
ing brushes,  stator  winding,  part  ol 
series  transformer  and  resistance  coil;, 
as  shown  in  Fig.  (a).  Why  is  part 
of  this  transformer  included  in  this 
braking  circuit?  What  are  the  func- 
tions of  the  compensating  l)rushes  and 
series  transformer  when  motor  's 
running?  a.  r.   (Ohio) 

In  answering  this  question  it  is  best  to 

show  the  simplest  two-pole  arrangemen*^. 


which  is  equivalent  to  the  brush  ar- 
rangement of  the  actual  motor.  Such  h 
two-pole  arrangement  is  shown  in  Figs, 
(a)  and  (b).  It  will  be  seen  that  the 
connections  for  dynamic  braking  are 
exactly  the  same  as  for  a  direct-current 
series  motor  connected  for  dynamic 
braking.  Actually  the  braking  current 
is  direct-current,  the  same  as  it  would 
be  in  a  direct-current  motor,  the  energy 
brushes  being  idle  during  the  braking 
period.  The  resistance  in  the  braking 
circuit  holds  the  current  down.  The 
secondary  of  the  series  transformer  is 
included  in  the  braking  circuit,  because 

L,L, 


L,L, 


(b) 

figs.   1941   fa)  and  (b) 

it  simplifies  the  control  and  it  does  no 
harm  otherwise.  The  purpose  of  the 
compensating  brushes  is  to  give  power- 
factor  compensations.  The  latter  is 
obtained  by  deriving  from  the  motor 
armature  a  wattless  voltage  induced 
between  the  compensating  brushes  and 
by  introducing  such  a  voltage  into  the 
stator  circuit  in  series  with  the  stator 
field  winding.  The  series  transformer 
simply  has  the  purpose  of  adjusting  the 
current  and  voltage  of  the  exciter 
brushes  so  as  to  adopt  them  to  the 
stator  circuit.  r.e.h. 

1942— Selections  of  Oil  Circuit  Break- 
ers— How  may  I  determine  the  right 
size  of  an  oil  circuit  breaker  for 
voltage  and  for  current,  assuming  we 
want  a  switch  for  a  15  000  kv-a,  three- 
phase,  22000  volt  transmission  line? 
How  will  the  above  selection  be 
affected  if  the  voltage  was  only  13000 
volts  in  place  of  22000  volts?  Is  the 
capacity  of  the  line  an  important  item 
in  the  selection  of  the  oil  switch,  or 
would  .vou  assume  the  oil  circuit 
breaker  to  be  opened  at  full  load, 
which  would  be  the  worst  condition, 
according  to  my  opinion? 

M.WD.  (New  York) 
Circuit  breakers  are  rated  as  to  normal 
voltage,  current  and  frequency,  and 
interrupting  capacity.  The  voltage  of 
the  circuit  breaker  should  be  equal  to, 
or  greater  than  the  voltage  between  lines 
of  the  circuit  on  which  it  is  to  be  applied. 
The  current  rating  should  be  equal  to,  or 
greater  than_  the  greatest  continuous 
load  current  in  the  circuit.  If  the  line 
voltage  was  changed  from  22000  volts 
to  13000  volts  and  ihe  continuous  load 
current  remained  tlie  same,  the  circuit 
breaker  for  the  22000  volt  line  would 
operate   satisfactorily   with   13000  voll> 
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However,  if  the  continuous  load  current 
was  increased  to  exceed  the  current 
rating  of  the  circuit  breaker,  the  latter 
would  become  overheated.  Circuit  break- 
ers are  commonly  rated  for  60  cycles 
and  on  25  cycles  will  carry  about  20 
percent  more  current  with  the  per- 
missible temperature  rise  of  30  degrees. 
The  rated  interrupting  capacity  should 
be  greater  than  the  circuit  breaker  will 
be  required  to  open  under  the  worst 
conditions,  i.  e.,  short-circuit  just  beyond 
the  circuit  breaker.  This  factor  makes 
the  size  depend  on  the  capacity  of  the 
line.  For  further  information  reference 
may  be  had  to  the  A.  I.  E.  E.  Standardi- 
zation Rules,  par.  367  to  374  and  "Rating 
and  Selection  of  Oil  Circuit  Breakers", 
by  Hewlett,  Mahoncy  &  nurnhani  in 
A.  /.  E.  E.  Proceedings  for  Feb.  I.S, 
1918.  L.R.G. 

1943 — Differential  Relays^Docs  Fig. 
(a)  show  the  correct  series  trans- 
former connections  for  a  difTerential 
relay  system  around  a  star-delta 
transformer?  (b)  Please  give  vector 
diagram  and  explain  the  action  of 
differential  relays,  (c)  ratio  of  trans- 
formers at  "X"  and  how  obtained, 
(d)  Also  give  correct  solution  and 
vector  diagram  if  only  two  scries 
transformers  are  used  at  Y. 

E.p.B.  (New  York) 
Fig.   (a)  gives  the  series  transformer 

connections    for    differential    relay   pro- 
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FIGS.  1943   (a),   (h),   (c),  (d), 
(e)  and   (f) 

tection  of  three-phase  transformers 
using  three  difTerential  relays,  (b)  In 
order  to  bring  the  secondary  currents 
of  the  scries  transformers  in  phase  it  is 


necessary  to  connect  them  star-delta,  as 
the  power  transformers  are  delta-star. 
The  vector   relations  in   Figs,    (b)    and 

(c)  may  readily  be  followed  from  F'ig. 
(a).  Fig.  (e)  results  when  the  currents 
in  Fig.  (c)  are  added  to  obtain  the 
currents  in  the  windings  of  the  trans- 
formers at  X.  It  will  be  seen  that  the 
curretits  in  the  primary  and  secondary 
of  each  of  the  X  transformers  are  180 
degrees  out  of  phase,  which  is  the 
desired  relation.  Assuming  the  condi- 
tion that  the  secondary  currents  of  the 
main  series  transformers  are,  say,  five 
amperes  on  both  the  low- and  high  side 
of  the  power  transformers,  the  current 
in  the  low-tension  side  of  X  will  be 
0.S7S  X  the  current  on  the  high  side. 
Under  this  condition  no  current  will 
flow  through  the  relay  windings,  and 
hence  there  will  be  no  action  of  the 
relays.  If,  however,  trouble  developed 
in  one  of  the  main  transformers,  more 
energy  would  be  delivered  to  the  primary 
than  would  be  taken  out  at  the  second- 
ary (neglecting  normal  internal  losses) 
and  the  currents  ./,  5  and  (5  would  bear 
a  new  relation  to  I,  2  and  J.  This 
would  cause  additional  current  in  d,  e 
and  /,  and  this  additional  current  must 
flow  through  the  winding  of  the  relay 
of  the  transformer  in  trouble,  causing 
the  relay  contact  to  close,  opening  the 
breakers  on  both  sides  of  the  trans- 
former bank,  (c)  At  norma!  load  of 
25  000  kv-a,  the  primary  current  at  4, 
5  and  6  is. 2270  amperes  and  secondary 
current  at  7,  z  and  3  is  1000  amperes. 
Under  the  conditions  given,  the  current 
in  the  secondary  of  the  series  trans- 
formers, d,  e  and  /  will  be  2270  X  ~7f^ 
=  7.1  amperes  and  at  a,  h  and  c,  will  be 
1000    X    'i^  =   8.33    amperes.    It    is 

necessary  to  have  the  ampere-turns  on 
the  lower  and  upper  sides  of  X  equal 
and,  as  the  current  on  the  low  side  is 
7.1  amperes  and  the  current  on  the 
upper  side  is  1.73  X  8.33,  the  ratio  of 
transformation  at  X  w-ill  be, — 

15  ,•  8-33  X  173         ,„, 

Ratio  = =  2.03 

71 

(d)  When  two  transformers  are  used  at 
V,  the  circuit  shown  in  Fig.  (d)  must 
be  used.  The  vector  diagram  in  Fig. 
(c)  shows  the  current  relations  obtained 
from  Figs,  (a)  and  (b).  It  may  be  seen 
that  current  c-a  in  Fig.  (e)  is  180  de- 
grees out  of  phase  with  current  /  and 
V3  times  the  ^•aInc  of  /.  Ordinarily  two 
series  transformers  will  be  quite  satis- 
factory, as  in  Fig.  (d)  this  being  the 
most  common  method.  Three  trans- 
formers at  Y  necessitates  one  more 
series  transformer  and  an  extra  relay, 
but  offers  slightly  better  protection  by 
the  additional  relay  contact  in  case  of 
the  remote  possibility  of  failure  of  the 
first  two  relays.  a.k. 
1044— Reconnecting      An      Induction 

Motor  For  A  Single-Phase  Gener- 
ator— We  need  a  10  kw,  220  volt  sin- 
gU-|)base  alternating-current  genera- 
tor, but  as  we  cannot  get  delivery 
from  the  maunfactnrers  in  a  reason- 
able time,  we  are  thinking  of  using  a 
15  hp,  550  volt,  three-phase,  60  cycle, 
900  r.p.m.  induction  motor.  The 
winding  is  series  star,  72  coils,  throw 
I  to  10.  Can  the  whole  winding  be 
used  for  a  single-phase  connection  ? 
We  would  construct  the  rotating 
field.  How  wide  should  the  face  of 
the  poles  be?  The  stator  has  a  bore 
14  inches  diameter,  4  1/2  inches  wide. 


Could  you  give  an  estimate  of  the 
field  winding,  size  of  wire,  and  num- 
ber of  turns?  Do  you  think  we  could 
e.xpect  satisfactory  results? 

.T.A.VV.     (SASKATCHEWAN) 

If  the  motor  in  question  is  a  slip- 
ring  motor  direct-current  might  be  sup- 
plied to  the  rings  to  excite  the  field.  A 
new  rotor  could  be  designed  for  this 
motor  to  operate  as  a  synchronous  ma- 
chine if  all  the  data  were  available.  As 
the  question  stands,  however,  there  is 
not  enough  indicated  to  make  more 
than  a  rough  guess  as  to  conditions  of 
the  magnetic  paths  on  which  to  base  an 
estimate.  .Attached  is  a  sketch  of  a 
section  of  rotor  and  pole,  which  might 
be  made  of  cast  steel.  The  sketch  in- 
dicates that  the  poles  and  spider  are 
cast  in  one  piece  and  then  a  pole-shoe 
bolted  on  after  the  winding  has  been 
put   in   place.     For  a   winding    try    220 


fig.  1944  (a) 


turns  of  No.  14  double  cotton  covered 
wire.  This  should  carry  about  17  am- 
peres at  125  volts  as  a  maximum.  H 
the  armature  winding  is  connected  in 
two  parallels  and  operated  at  reduced 
voltage  with  a  corresponding  reduction 
of  rating  the  present  winding  might  be 
used.  When  a  machine  is  operated  on 
a  single-phase  load,  the  current  per  ter- 
minal cannot  be  increased  to  any  con- 
siderable extent  beyond  that  for  three- 
phase  operation;  the  rating  of  a  ma- 
chine for  single-phase  operation  will  be 
reduced  to  something  like  60  percent  of 
its  three-phase  rating.  This  question  is 
discussed  in  detail  in  an  article  by  B.  G. 
Lamme  on  "Comparative  Capacities  of 
Alternators  for  Polyphase  and  Single- 
Phase  Currents"  in  the  JorRN.VL  for 
August,  191 1,  p.  672.  1:1:. s. 

ig45_DlAMETRICAL   CONNECTION— A   six- 

|)hase  rotary  converter  is  fed  diamet- 
rically by  three  single-phase  trans- 
formers. In  case  one  transformer 
burns  out,  how  can  I  operate  the  ro- 
tarv  converter  on  the  remaining  two? 
m.s.b.(penxa) 

When  throe  transformers  are  con- 
nected delta,  high-voltage,  to  diametri- 
cal low-voltage  for  operating  a  six- 
phase  rotary  converter,  the  operation 
may  be  continued  in  the  event  of  one 
transformer  burning  out  without 
change  in  connecting  except  to  discon- 
nect the  defective  tmit,  by  reducing  the 
load  to  57.7  percent  of  normal.  This 
is  necessary  to  limit  the  heating  in  the 
transformers  and  in  the  converter  ar- 
mature. Trouble  may  be  e.Kpericnced 
in  starting  if  the  converter  is  started 
from  the  alternating-current  side,  ow- 
ing to  the  reduction  in  torque  when 
starting  with  unbalanced  voltages. 
This  can  be  overcome  by  increasing  the 
starting  voltage,  as  can  often  be  done 
by  changing  from  a  one-third  to  a  two- 
third  voltage  starting  tap.  m.e.s. 
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End  view  of  a  two-high  Dimmer 
bank  with  operating  handles 
extending   thmugh    the    panel 


Ward  Leonard  Theatre  Dimmers 

are  used  by  the  large  majority  of  thea- 
tres throughout  the  country— N.  Y. 
Hippodrome,  Century,  Belasco,  Keith, 
Shubert,  Poli,  Proctor's,  Maxine 
ElHott,  Hotel  Astor,  Cohan  &  Harris, 
Julian  Eltinge,  etc.,  etc. 

Ward  Leonard  Theatre  Dimmers 

are: 

Smallest  in  size, 
Largest  capacity  for  size, 
Lightest  for  the  same  capacity, 
Eliminate  fire  risk, 
Eliminate  _depreciation. 

Ward  Leonard  Theatre  Dimmers 

afford  exact  control  with  little  effort. 
No  jerky,  uneven  movement.  No 
flicker. 

Let  us  estimate   on  replacing  your 
old  or  installing  your  new  "banks." 

Prompt  Deliveries. 

Ten  Standard  Styles  of  plates  in  stock 


Ward  Leonard/tectric  Company 


Walter  W.  Gaskill-Boston 
William  Miller  Tompkins-Philac 
Sperry  &  Bittner— Pittsburgh 
Walter  P.  Ambos  Co.— Cleveland 


'TWount     ^ 
Vernon, 
Xewybrk.. 


Westburg  Engineering  Co.— Chicago" 
Electric  Material  Co.— San  Francisco 
Electrical  Specialties  Co. — Detroit 
Geo.  W.  Pielcsen-St.  Louis 
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NATIONAL  SAFETY  SECTION 


OPERATING  RL'LES  FOR  BOILERS 

(Continued) 
CLEANING    DOILERS 

The  blow-otT  valves,  stop  valve  in  the 
"goose  neck"  next  to  the  steam  header, 
and  the  stop  valve  in  the  teed  pipe  next 
to  the  feed  header,  should  all  be  locked 
shut  and  the  keys  retained  in  the  posses- 
sion of  the  man  in  charge  of  the  subse- 
quent cleaning  operations.  Place  on  the 
handle  of  all  of  the  above  valves  a  suit- 
able sign  as  follows:  "M.^N  INSIDE 
BOILER;  UO  NOT  TOUCH."  Man- 
hole covers  may  be  then  removed  and 
the  boiler  opened  up  for  cleaning.  It 
should  be  an  invariable  rule  that  the 
man  who  enters  the  boiler  for  the  pur- 
pose of  inspection,  and  who  is  in  posses- 
sion of  the  keys  locking  the  above  men- 
tioned valves,  must  give  the  final  assent 
tor  the  return  of  the  manhole  covers  tr 
their  places.  Previous  to  entering  the 
boiler  it  is  advisable  to  determine 
whether  there  is  any  gas  or  bad  air 
present,  by  passing  a  torch  or  candl- 
inside. 

■  P'or  locking  the  valves  as  advised 
above,  the  following  method  is  sug- 
gested :  Make  a  loose  cover  for  the 
hand  wheel  of  the  valve  out  of  she:t 
steel.  This  cover  is  simply  a  circular 
bo.'^  made  in  halves  and  hinged  at  one 
side,  with  a  hole  in  the  bottom  for  the 
valve  stem.  On  the  side  opposite  the 
hinge  an  arrangement  is  made  for  at- 
taching the  lock,  so  that  the  box  can  bo 
locked  shut.  This  box  can  be  painted 
bright  red,  with  the  word  "DANGER" 
in  another  color.  For  large  steam  valves, 
this  box  may  also  have  a  sleeve  exten- 
sion to  cover  the  valve  stem,  thus  pre- 
venting the  use  of  a  wrench  on  the  stem 
of  the  valve. 

CLEANING    BOILER    SETTINGS 

The  cleaning  of  the  setting  of  coal 
fired  boilers  should  not  be  commenced 
until  all  the  flue  dust  and  other  material, 
also  the  walls  of  the  settings,  have  been 
cooled  to  a  temperature  where  there  is 
no  possibility  of  a  man  being  burned  by 
touching  them.  The  cleaning  of  gas 
fired  boilers  will  necessitate  an  addi- 
tional precaution  in  the  way  of  testing 
the  chambers  by  means  of  lighted  candle 
or  torch  to  detect  the  presence  of  gas  or 
bad  air  before  a  man  undertakes  to 
operate  therein,  and,  furthertnore,  the 
gas  valve  leading  to  such  a  boiler  should 
be  locked  shut  and  the  key  retained  in 
the  possession  of  the  man  in  charge  r\ 
the  subsequent  cleaiiitig  operations.  A 
sign:  "MAN  IXSIDE  BOILER;  DO 
NOT  TOUCH,"  similar  to  that  to  be 
placed  on  the  steam  feed  and  blow-oflf 
valves,  is  to  be  placed  on  this  valve  also. 

LEAKS  IN  STEAM  PIPE  SYSTEMS  AND  OTHER 
STRUCTURES    UNDER    PRESSURE 

If  for  any  reason,  such  as  blowing 
out  of  gaskets,  vitration.  over-straining 
o\  pipes  or  general  deterioration,  the 
joints  of  steam  pipes  di\ flop  objection- 
able leaks,  the  application  of  wrenches  to 
bolts  of  such  joints  whil.  under  steam 
pressure  should  be  absolutely  prohibited. 
If  such  joints  are  to  W  repaired  it 
should  be  done  after  the  pressure  has 
been  removed  from  the  particular  sec- 
tion where  the  trouble  occurs.  If  the 
tubes  of  a  fire  ttibe  boiler  develop  leaks 


at  the  tube  sheet,  expanders  should  not 
be  applied  to  the  ends  of  the  tubes  while 
the  boiler  is  under  steam  pressure,  li 
a  leak  develops  at  any  part  of  the  sec- 
tions of  a  boiler,  whether  in  the  headers 
to  which  the  tubes  are  attached  or  at  a 
riveted  joint,  the  use  of  a  calking  tool 
to  stop  this  leak  while  the  structure  is 
under  steam  pressure  should  be  pro- 
hibited. This  applies  to  rivets  as  well 
as  plates.  All  such  repairs  should  be 
made  after  the  steam  pressure  has  been 
taken  off  the  boiler.  If  a  leak  develops 
at  the  hand-hole  plate  or  around  the  tube 
caps  of  water  tube  boilers  same  shou'd 
not  be  stopped  by  tightening  up  the  bolts 
while  steam  pressure  is  on  the  boiler. 
If  a  leak  develops  at  a  manhole  cover 
it  should  not  be  stopped  by  tightening 
the  bolts  in  the  \oke  while  the  boiler  is 
under  steam. 

STOP   VALVE   STEMS 

Rising  stems  of  valves  should  not  be 
permitted  to  become  rusty  or  covered 
with  dirt  so  that  they  cannot  be  moved 
the  lull  e-xtent  of  their  travel  at  any 
lime.  .\  periodic  inspection,  not  less 
than  once  a  month,  of  all  valves,  stems, 
etc.,  in  all  the  main  piping  systems  about 
the  boiler  house  is  recommended.'  To-J 
much  importance  cannot  be  attached  t  > 
keeping  the  valves  in  such  condition  thnt 
they  are  always  rp.ady  for  use.  Great 
care  should  be  exercised  in  using  a 
wrench  or  bar  in  opening  or  closing  a 
valve.  The  abuse  of  this  means  of 
facilitating  the  handling  of  valves  may 
result  in  damage  or  accidents  to  seats, 
threads,  stems,  etc. 

THE    CARE    AND    USE    OF    W.\TER    COLUMNS 
AND    TR,Y-COCKS 

Water  columns  should  be  blown  out 
completely  at  least  twice  every  turn. 
If  a  gauge  glass  is  fouled  internally,  so 
that  the  water  level  is  not  clear,  the 
glass  should  be  cleaned  or  replaced  as 
soon  as  possible.  If  the  fouling  of  the 
gauge  glass  occurs  frequently,  it  is  due 
to  some  characteristic  of  the  water,  such 
as  suspended  matter,  scale  solvents,  lu- 
bricating oil,  etc.,  for  which  some 
remedy  should  be  devised.  Try-cocks 
shall  be  used  at  least  twice  every  turn, 
which  regular  use  will  keep  them  in 
good  working  order. 

TE/\M    WOKK 

In  every  well-ordered  department  it  is 
the  duty  of  specified  workmen  to  oper- 
ate certain  valves  in  case  of  accident. 
Where  there  is  both  direct  and  indirect 
control  of  important  valves,  team  plays 
should  be  installed  to  reach  both  con- 
trols at  the  earliest  moment.  Gates  and 
valves  are  occasionally  found  dependinij 
entirely  upon  indirect  control.  Dire.'t 
control  should  also  be  provided. 

LAVING    UP    liOn.ERS 

If  for  any  reason  a  boiler  is  to  be 
taken  out  of  service  for  cleaning,  etc., 
the  following  procedure  should  be  ob- 
served : — 

Check  the  dampers  and  allow  the  fires 
to  burn  out,  at  which  time  the  non- 
return valve  will  be  seated ;  also  close 
the  gate  valve  in  the  branch  next  to  the 
header  and  open  the  drains  in  the 
"goose  neck."  Shut  ofT  the  stop  valves 
in  the  feed  pipe.  Rapid  cooling  sets  up 
undesirable    strains    in    the    equipment. 


Cool  as  slowly  as  time  will  permit.  A 
small  amount  of  air  may  be  passed 
through  the  furnace  to  assist  in  the  cool- 
ing. To  do  this  oiien  doors  and  dampers 
slightly.  After  the  boiler  is  cool  the 
blow-off  valves  may  be  opened  and 
boiler  drained.  If  for  any  reason  the 
boilers  are  to  be  laid  up  indefinitely  the 
following  precautions  should  be  taken  to 
provide  for  safe  conditions  when  boilers 
are  again  put  into  service :  — 

Thoroughly  drain  the  drums  and  tubes 
and  clean  them  inside  and  outsid-. 
Then  completely  till  boiler  and  replace 
covers  which  have  been  removed.  This 
method  is  not  practicable  when  boilers 
could  freeze.  In  such  cases,  after  clean- 
ing boilers  dry  them  thoroughly  and 
place  a  pan  of  lime  in  each  drum  to  ab- 
sorb moisture.  Do  not  replace  manhole 
covers.  Some  companies  prefer  to  clean 
and  dry  a  boiler  and  then  smear  the  in- 
side of  the  drums  and  tubes  with  a 
heavy  crude  oil  or  fuel  oil.  This  should 
be  put  on  with  a  swab,  and  when  putting 
this  on  in  a  drum  an  electric  lamp 
should  be  used,  and  not  an  open  torch. 
Drums  and  tubes  should  be  left  open. 
Mud  drums,  headers,  and  tube  cans 
should  all  be  cleaned  and  similarly 
coated.  In  all  places  where  freezing 
may  occur,  care  should  be  taken  to  drain 
water  from  all  parts  or  fitting.s.  or, 
where  these  cannot  he  drained  (as  in  the 
case  of  steam  gauges)  they  should  be 
moved  and  stood  in  warm  places. 


LUBRICATION  DATA 


The  Texas  Company  is  issuing  a 
highly  interesting  monthly  magazine 
called  "LUBRICATION." 

This  periodical  is  interesting  not  only 
for  the  valuable  material  contained  in 
each  individual  issue,  but  for  the  broad 
gauge  plan  behind  it. 

.Apparently,  it  is  the  policy  of  The 
Texas  Company  to  take  up  in  turn  the 
more  important  industries  and  after 
giving  a  brief  outline  of  the  manufactur- 
ing processes  or  the  mechanical  pro- 
cedure, to  describe  the  units  involved 
and  to  discuss  the  particular  or  peculiar 
lubricating  problems  of  these  units  or 
their  parts. 

Some  of  the  industries  taken  up  have 
been,— textile  manufacture,  metal  cut- 
ting, refrigeration  and  ice  making, 
cement,  sugar  refining,  rubber  manu- 
facturing, compressed  air,  electric  street 
railwavs. 

We  understand  they  have  in  view 
articles  on  the  paper  industry,  machine 
tools,  hydroelectric  developments,  steam 
turbines,  marine  installations,  and  other 
articles  devoted  to  the  larger  divisions 
of  manufacturing  or  power  utilization. 

While  this  magazine  is  sent  out  free, 
the  Company  makes  a  provision  that  the 
individual  requesting  to  have  this  maga- 
zine sent  to  him  be  professionally  in- 
terested in  the  use  and  selection  of 
lubricants,  that  is,  he  must  be  an 
engineer,  master  mechanic,  executive  of 
a  manufacturing  or  power  using  con- 
cern, a  purchasing  agent,  or  engaged  in 
work  of  a  similar  nature.  "T.l'BRICA- 
TION"  is  published  from  the  New  York 
OfTice  of  The  Texas  Companv  which  is 
situated  at  i"  Batterv  PI.,  New  York 
Citv. 
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TOPICAL  INDEXES 

There  are  now  available  for  distribu- 
tiion  copies  of  the  Ten  Year  Topical  In- 
dex of  The  Electric  Journal  for  the 
years  1904  to  1913;  The  Five  Year  Top- 
ical Index  for  1914— 1918  and  the  Two 
Year  Topical  Index  for  1919-1920. 
The  Electric  Journal  is  unique  in  that 
all  the  technical  articles  which  have 
been  published  during  the  past  17  years 
can  readily  be  located  by  referring  to 
only  three  indexes.  For  the  future  it 
is  the  intention  to  let  the  latest  indexes 
run  until  a  five  period  is  covered  when 
a  new  one  will  be  begun.  Any  of  the 
above  indexes  will  be  supplied  at  25c 
each.  Copies  of  the  Two  Year  Topi- 
cal Index  along  with  Title  Page  and 
Table  of  Contents  can  be  secured  by 
regular  subscribers  to  the  Journal  with- 
out  charge   on   request. 


BOUND    VOLUMES    OF    THE 
ELECTRIC  JOURNAL 

Bound  volumes  for  1920  will  be  avail- 
able for  distribution  about  January  1st, 
1921.  The  price  is  $5.00  per  volume  in 
United  States  and  $5. .So  elsewhere. 
Bound  volumes  are  carried  in  stock 
from  1907  to  date,  and  orders  for  any 
of  these  volumes  will  be  filled  at  the 
above  rate.  As  there  is  only  a  limited 
stock  of  the  older  volumes,  those  de- 
siring them  should  place  their  orders 
promptl}',  as  it  will  be  impossible  to  se- 
cure further  books  after  the  present 
supply  is  exhausted. 


ASSOCIATION   I.  &  S.   E.   E. 
MEETINGS 

The  Pittsburgh  Section  of  the  As- 
sociation of  Iron  &  Steel  Electrical  En- 
gineers, will  be  on  December  18th  when 
Mr.  Gordon  Hughes,  Truscon  Steel 
Company,  Youngstown,  Ohio,  will  pre- 
sent a  paper  on  "Electric  Welding — 
Spot  and  B"tt".  The  mcetincr  will  be 
held  at  the  Hotel  Chatham,  with  a  din- 
ner  preceding   the   meeting. 

A  meeting  of  the  Chicago  Section 
will  be  held  on  December  nth,  when 
Mr.  J.  P.  Wilson,  switchboard  engin- 
eer of  the  Westinghouse  Electric  & 
Mfg.  Company  will  present  a  paper  on 
"Switchboard  Equipment  for  Steel  Mill 
Power  Houses   and   Sub-Stations." 

On  December  4th,  at  a  meeting  of 
the  Philadelphia  Section,  Messrs.  H.  C. 
Boyton  and  W.  Voiglander,  of  J.'  A. 
Roeblings  Sons  Company,  will  nresent 
a  paper  entitled  "Instruction  in  the 
Care,  LTse  and  Inspection  of  Flexible 
Steel  Cables." 

The  Qeveland  Section  meeting  will 
be  held  on  December  13th,  subject, 
"Continuous  Rating  or  50  Degree  Rise 
Motors,"  by  L.  F.  Adams,  General 
Electric  Company. 


PERSONALS 


Professor  Charles  F.  Scott,  chair- 
man of  the  department  of  electrical  en- 
gineering, Yale  University,  returned  re- 
cently from  a  three  months'  trip  to 
Italy,  where  he  represented  the  West- 
ern Electric  Company  in  dealing  with 
communication  cable  location.  The 
particular    problem    was    whether    it    is 


to  Genoa  and  Turin  without  interfer- 
ence from  railroad  and  transmission 
lines.  As  a  result  of  the  summer's 
work  a  considerable  amount  of  inter- 
esting information  with  reference  to 
inductive  interference  and  three-phase 
lines,  under  Italian  conditions,  was  col- 
lected. 


r\Ir.  C.  B.  Merrell,  has  been  appointed 
district  sales  manager  of  the  Philadel- 
phia office  of  the  Economy  Fuse  & 
Mfg.  Company  to  succeed  Mr.  F.  J. 
Watson,  resigned. 

Mr.  D.  C.  Wilson,  general  s.il(,s 
manager  of  the  Chain  Belt  Company  01 
Milwaukee  has  resigned  to  accept  tlic 
position  of  secretary  of  the  Federal 
Malleable  Company,  West  Allis,  Wis- 
consin, which  is  an  associated  concern. 
He  will  be  suceeded  as  sales  manager 
by  Mr.  C.  F.  Messinger. 

Mr.  E.  I.  Chute,  who  has  been  in 
charge  of  the  testing  department  of 
the  Westinghouse  Electric  &  Mfg. 
Company  at  the  East  Pittsburgh  works, 
has  been  appointed  engineering  inspec- 
tor, and  will  report  directly  to  Mr.  R. 
S,   Feicht,  director  of  engineering. 

!Mr.  W.  T.  Everett,  formerly  of  the 
Homewood  service  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany at  East  Pittsburgh,  has  been  made 
assistant  electrical  service  manager, 
with  headquarters  at  the  East  Pitts- 
burgh works. 

Mr.  H.  L.  Lautenschlaeger,  of  the 
purchasing  department  of  the  Westing- 
house Electric  &  Mfg.  Company  at 
East  Pittsburgh,  has  recently  been  ap- 
liointed  manager  of  production  of  the 
Geo.  Cutter  Works  at  South  Bend,  In- 
diana. 

Mr.  J.  M.  Barr,  formerly  of  the  in- 
dustrial sales  department  of  the  West- 
inghouse Electric  &  Mfg.  Company, 
has  recently  been  appointed  general 
manager  of  the  Mechanical  Appliance 
Company  of   Milwaukee. 

Delta  Star  Electric  Company  of 
Chicago  have  moved  their  Philadelphia 
office  from  902  to  1333  Real  Estate 
Building. 


UNIT  TYPE  BUS  SUPPORTS 


The  Delta-Star  Electric  Company, 
Chicago,  Illinois,  have  developed  a 
""Unit  Type"  bus  bar  support  which 
can  be  clamped  to  I-Beams  from  8"  to 
24"  and  used  in  either  upright  or  in- 
verted   positions.     The    clamps    securely 


practical    to    run    a    cable    from    Milan    eluding  33000. 


Unity  Type  I'.us  Supports 

grip  the  I-Beams  and  after  being  placed 
in  position  are  securely  locked  by 
means  of  steel  set  screws.  These  "I'nit 
Type"  supports  are  made  for  all  sizes 
of  bus  and  for  all  voltage  up  to  and  in- 
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Bound  Volumes  for  1920 

The  Electric  Journal  for  1920  is  now  available  in  bound  form.  This  latest  volume,  like 
its  predecessors,  is  filled  with  valuable  engineering  information  of  vital  interest  to'electrical 
engineers.  An  idea  of  the  contents  may  be  secured  from  following  the  partial  list^of  articles 
published  during  the  past  year: — 

"The    Rlectric    Equipment  for    the    Chicago,    Milwaukee    &   St.   Paul 

Railroad" 

'Electrical  Characteristics  of  Transmission  Circuits" — Wm.  Nesbit 

"Switchboard   Meter  Connections  for   Alternating-Current   Circuits" — 
J.  C.  Group 

"The  Technical  Story  of^the  Synchronous  Converter" — B.  G.  Lammk 

"Steam  Turbines  for  Mtchanical  Drive" — Ivan  Stewart  Forde 

"The  Story  of  the  Insulations" — C.  E.  Skinner 

"Use  of  Electricity  in  Metallurgical  Processes" — Robert  M.  Keeney 

"The  Thermal  Storage  Demand  Wattmeter" — Paiji,  M.  Lincoln 

"Allowable  Working  Stresses  in  High-Voltage  Electric  Cables" — Chas. 
W.  Davis  and  Donald  M,  Simmons 

"Regulation   and    Inductive  Effects  in  Single-Phase  Railway  Circuits" 
—A.  W.  Copley 

"The  Cost  of  Interruptions  of  Power  to  Steel  Mills" — E.  S,  Jeffries 

"Direct-Current  Crane  Controllers" — H.  D.  James 

"Methods  of  Computing  Machinery  Eoundations" — W.  H.  GillEland 
and  a.  H.  Cunningham. 

"Secondary  Conductors  for  Electric  Furnaces" — Edward  T.  Moore 

"Slip  Arrester  for  Heavy  Electric  Locomotives" — C.  C.  WhiTTakER 

"Electrical  Refrigeration" — C.  J.  Carlsen 

"Interconnection  of  Power  Systems" — Harold  W.  Smith 

"Air  Brakes  in  Electric  Traction" — S.  W.  Dudley 

"Application  of  Steam  Condensers" — F.  A.  Burg 

"The  Portable  Oscillograph  as  Applied  to  Commercial  Work" — J.W.  Legg 


Price  per  Volume  $5.00  $^Td 


lid  in  U.  S. 

elsewhere 

Bound   Volumes  are  on  sale  for  the  years   1907   to  1920   inclusive 
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